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Abstract: Adult hippocampal neurogenesis (AHN) occurs in the subgranular zone (SGZ) of the 
dentate gyrus (DG), where high levels of vesicular zinc are localized. Zinc is an essential trace 
element involved in numerous biological functions, including DNA synthesis, hormone control, 
enzymatic activity, and cell proliferation. Recent studies, including those from our lab, have 
demonstrated that Zn2+ plays an important role in regulating AHN. In addition, several 
antioxidants such as flavonoids, vitamin E, curcumin, and N-acetyl-L-cysteine (NAC) increase 
neurogenesis in the rodent brain. Thus, in the present study, we evaluated the effect of Zn2+-NAC 
complex (Zn(NAC)2) on hippocampal neurogenesis in adult mice. C57BL/6 male mice (8 weeks 
old), were divided into four groups: Vehicle, ZnCl2, NAC and Zn(NAC)2 treated groups. The 
mice were given intraperitoneal injections of ZnCl2 (5 mg/kg), NAC (25 mg/kg) or Zn(NAC)2 
(30 mg/kg) once daily for 2 weeks. Vehicle-treated mice were injected on the same schedule 
with saline. To confirm the proliferative identity of cells, BrdU was intraperitoneally injected 
twice daily for 4 consecutive days before sacrifice. Neurogenesis was evaluated by 
immunohistochemistry for BrdU, Ki67 and doublecortin (DCX). Mice receiving 5 mg/kg ZnCl2 
alone, showed no differences in the number of progenitor cells and neuroblasts, compared with 
vehicle-treated mice. However, NAC-treated mice showed a significant increase in the number 
of progenitor cells and neuroblasts. Furthermore, Zn(NAC)2-treated mice showed an even greater 
increase in the number of progenitor cells and neuroblasts. The present study demonstrates the 
additive and synergistic effects of Zn(NAC)2 on progenitor cell proliferation and neuroblast 
production, respectively. These findings suggest that Zn(NAC)2 may promote the regenerative 
capacity of the adult brain as a potent enhancer of hippocampal neurogenesis. Keywords : zinc, 
n-acetly-l-cysteine, Zn(NAC)2, neurogenesis, hippocampus 
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Abstract: Adult hippocampal neurogenesis plays important roles in animals’ mood and 
cognitive regulation. Impaired growth and differentiation of neural stem cells (NSCs) usually 
associates with many types of neurodegenerative or psychiatric disease. Relationship between 
neurogenesis and depression disorder is nowadays most popularized studied not only because 
that depression is nowadays a common and serious psychiatric disorder affects people’s daily 
life, but it also because that increased neurogenesis can truly buffer the stress induced mood 
disorder. Daptor protein, phosphotyrosine interaction, PH domain and leucine zipper containing 
(APPL) appears to play a critical role in cell growth and metabolism modulation. In two isoforms 
of APPLs protein, APPL1 was reported to associate with the regulation of insulin sensitivity by 
facilitating the binding of IRS1/2 to the insulin receptor. APPL2, the other isoform of APPLs, 
participate in the glucose uptake in skeletal muscle. However, whether APPLs participate with 
the neurogenesis regulation remains unexplored. In this study, we obtained APPL2-Tg mice with 
overexpressed APPL2 protein. We found APPL2-Tg mice presented a spontaneous depressive- 
and anxiety- like symptoms though different types of behavioral tests. Furthermore, our 
immunofluorescence indicated that overexpressed APPL2 limited the production of new neurons 
and the proliferation of the radial glia-like stem cells (RGLs) in hippocampus. The in vivo clone 
analysis also indicated that APPL2 overexpression decreased the intermediate progenitor cell 
(IPC) fate choice of the RGLs. And we found the maturation process of the young neurons was 
also delayed in APPL2-Tg mice. Combine these lines of evidence together; we can conclude that 
APPL2 might acts in the animal mood regulation and antidepressant behaviors that associated 
with its functions in neurogenic modulation. 
Keywords: Depression, APPL2, Neurogenesis, RGLs. 
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Abstract: Neural progenitors (NP) in the adult dentate gyrus (DG) continuously produce new 
functional granule cells. It is well known that epileptic environment in the hippocampus 
promotes neurogenesis in an early stage of the disease and could be considered to be a different 
niche than in the healthy hippocampus. Here we study in vivo directed differentiation of the 
neural progenitors in the adult DG in naïve and epileptic animals. We generate status epilepticus 
(SE) animals by injecting a sub cutaneous dose of kainic acid, and target neural progenitors with 
a retroviral vector coding for Ascl1 and/or Dlx2 transcription factors, both being expressed by 
GABAergic cells during different stages of development. Our results show that different glia and 
neuronal populations are generated from the infected NP in both naïve and epileptic 
environments. For example, after retroviral infection coding for Ascl1 in epileptic rats, 
immunohistochemical analysis reveals that one majority cell population is positive for 
neuro/glial antigen 2 (NG2), a marker for oligodendrocytic progenitor cells (OPCs) and another 
population expresses NeuN, a marker for mature neurons. These results shows for the first time 
that overexpression of a single transcription factor in an epileptic environment is able to direct 
differentiation of NP, which has implications for treatment of pharmacoresistant epilepsy, 
memory formation and neurological affections. 
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Abstract: Tissue dissociation and preparation of single-cell suspensions with high cell viability 
and a minimum of cell debris is the prerequisite for cellular analysis, cell culture, and cell 
separation. As dissociation of adult brain requires sophisticated mechanical and enzymatic 
treatment to successfully disaggregate the tightly connected neural cells, cell analyses is often 
restricted to embryonic or neonatal murine tissue. We have set up a new technology for 
dissociation of neonatal brain by combining automated mechanical dissociation using the 
gentleMACS™ Octo Dissociator (Miltenyi Biotec) with an optimized enzymatic treatment. To 
extend the analyses to adult neural cells we have further optimized the automated dissociation 
process and included a novel protocol for removal of debris, which is crucial for successful cell 
isolation and culture. The new process increased the number of viable cells and yielded 3-
5x10E6 total living cells per adult mouse brain. Subsequently, astrocytes, oligodendrocytes, 
neurons, microglia, or endothelial cells were separated from dissociated adult murine brain tissue 
by magnetic cell sorting (MACS). Astrocytes were isolated using Anti-ACSA-2 (astrocyte cell 
surface antigen-2) MicroBeads. The process yielded 4.0x10E5 ± 0.7x10E5 astrocytes with a 
viability of 69.1 ± 10.3% and a purity of 93.9 ± 5%. In case of neurons, non-target cells were 
depleted using a mixture of non-neuronal cell markers. 2.0x10E5 ± 0.25x10E5 neurons with a 
viability rate of 72.0 ± 7.1% and a purity of 92.2 ± 1.1% were acquired per adult mouse brain. 
Likewise, 1.2x10E5 ± 0.25x10E5 oligodendrocytes with a viability of 76.7 ± 10.3% and a purity 
of 90.0 ± 6.7% were separated using Anti-O4 MicroBeads, mouse and rat. Purified Microglia 
were gained by using CD11b MicroBeads, mouse or CD11b/c MicroBeads, rat, respectively. A 
purity of 97-99% and a viability of 94.7% ± 4.2% was obtained. In case of astrocytes, highly 
purified cells were further subjected to a single-cell mRNA sequencing analysis in order to 
characterize neonatal and adult astrocyte diversity. Therefore, the C1 Single-Cell Auto Prep 
System (Fluidigm) was used for single-cell capturing of highly purified neonatal and adult 
astrocytes (98.5-99%) and preparation of cDNA libraries. Single-cell transcriptome analyses 



revealed a highly diverse expression profile of neonatal and adult astrocytes with distinct 
subgroups within each population. In summary, we present a novel standardized technology to 
generate highly purified and viable adult neural cells that extends the analysis from neonatal to 
adult murine brain tissue and facilitates sophisticated cellular and molecular analyses. 

Disclosures:   H. Zhang: B. Contracted Research/Research Grant (principal investigator for a 
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Poster 

674. Adult Neurogenesis 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 674.05/A5 

Topic: A.01. Neurogenesis and Gliogenesis 

Title: Region-specific transcript profiles of the lncRNA Sox2ot in adult rat brain: correlation 
with Sox2 enhancers and Sox2 expression. 

Authors: *D. A. CARTER1, S. YULE2;  
2Sch. of Biosci., 1Cardiff Univ., Cardiff, United Kingdom 

Abstract: Sox2 is a transcription factor gene with numerous, partially defined, roles in neural 
development. Recent studies have identified multiple novel enhancer sequences that span 200kb 
of the Sox2 locus, and act to confer brain region-, and embryonic stage-specific expression (and 
activity) of Sox2 (Okamoto et al [2015] Develop. Growth Differ. 57, 24-39). We are 
investigating the molecular mechanisms that underlie an unusual pattern of adult Sox2 
expression in the adult ventral diencephalon, including neurons of the suprachiasmatic nucleus 
(SCN). One class of potential regulators are long non-coding (lnc) RNAs; in addition to the 
string of genomic enhancers across the Sox2 locus, this region is also spanned by a multi-exon 
lncRNA, Sox2ot (Sox2-overlapping transcript), that may contribute to cell-type-specific Sox2 
expression. In the current study, we investigated the expression of Sox2ot isoforms in the SCN, 
and correlated transcripts with Sox2 enhancer sequences that confer specificity for distinct brain 
regions, including the ventral diencephalon (‘U6’ enhancer). In order to identify potential SCN-
specific expression of Sox2ot isoforms, expression was compared with olfactory bulb (OB) and 
somatosensory cortex (COR). Sox2ot sequences were amplified using PCR primers directed 
against known (rat/ mouse/human) exons/EST sequences of both Sox2ot, and also Sox2dot, a 
group of isoforms that include distal (more than 500kb upstream of Sox2) exons. We found that 



both Sox2ot and Sox2dot transcripts are abundantly expressed in rat brain, and the relative 
abundance of specific isoforms is brain region-specific. For Sox2dot, transcripts are expressed 
across OB/SCN/COR but the pattern of isoform expression is markedly distinct in COR, 
compared with OB and SCN. This result is consistent with a similar (immature) transcript profile 
in OB and SCN. However, for Sox2ot, the transcript profiles are similar in SCN and COR, and 
distinct from OB. These findings concur with the well-known cell-type specificity of lncRNA 
expression, and evidence distinct Sox2ot transcript profiles across OB/SCN/COR. Expressed 
Sox2ot/dot exons closely align with Okamoto enhancers (3/4, and 2/5, respectively), and a 
common 5’ Sox2dot exon also aligns with a VISTA forebrain enhancer (hs192). However, we 
found no evidence that Sox2ot/dot incorporate U6 sequence, and could not amplify U6 
independently of Sox2ot/dot exons. Our results indicate two classes of Sox2 enhancer: (1) 
transcribed within Sox2ot/dot in adult brain, and (2) non-transcribed. Differential use of these 
enhancer/ lncRNA(+/-) units may contribute to cell-type specific Sox2 expression, including that 
in the adult SCN. 
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Abstract: Cocaine and alcohol are two of the most commonly co-absued substances, and the 
third most fatal drug combination. Efforts in drug addiction research primarily focus on 
preventing or stoping abuse, however little work is being done to reverse brain damage incurred 
by chronic drug abuse. Neural stem cells are a promising target to stimulate brain recovery, 



however little is known about the effect of long term co-abuse of alcohol and cocaine on this cell 
population. Additionally, sex differences in NSC behavior following chronic drug abuse have yet 
to be evaluated. This is the first study to evaluate regional and sex differences of endogenous 
adult neural stem cells to chronic treatment with alcohol and cocaine. We sought to elucidate the 
response of adult endogenous NSCs to chronic alcohol and cocaine treatment using a inducible 
lineage tracing mouse model. Adult mice were randomly divided into 1 of 4 groups: control, 
cocaine, ethanol, or combination treatment. Daily i.p. injections of cocaine were administered 
and ethanol was provided in a complete nutrient liquid diet to appropriate groups. Brain tissue 
was analyzed for markers of NSC survival and differentiation. The subventricular zone of lateral 
ventricle (SVZ) subgranular zone of dentate gyrus (SGZ) and tanycyte layer of third ventricle 
(TL) were evaluated. KEY FINDINGS: We found that NSCs have a unique response to drug 
depending on the regional location and sex of the animal. Females had more robust decreases in 
neural stem cell (NSC) survival in SVZ compared to males. SGZ neurogenesis was reduced in 
combination group. The TL showed the greatest variation in astroglial marker (glial fibrillary 
acidic protein) among both sexes and treatment groups. 
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Abstract: High-fat diet (HFD) is associated with poor cognitive health and exacerbation of 
neurodegenerative diseases. Some of the effects of HFD have been attributed to impairments in 
neurogenesis and cognitive functions of the hippocampus, a brain area important for learning and 
memory. However, how the specific attributes of the diet such as the diet length and fat 
percentage affect hippocampal neurogenesis is not fully understood. This study examines the 
effects of a 4-week or 8-week period of HFD (45% of total energy contributed by saturated fatty 



acids) on the levels of adult hippocampal neurogenesis. 12 male Long-Evans rats (4 weeks old) 
were used for each of the two studies. In the 4-week HFD study, the animals were fed either 
HFD (n=6) or regular chow diet (n=6) for 4 weeks, and for the 8-week HFD study, the animals 
were fed either HFD (n=6) or regular chow diet (n=6) for 8 weeks. The food consumption and 
caloric intake of the animals were measured every week over the study period. The HFD-fed 
animals consumed less food but their caloric intake was higher than the chow-fed animals (as 
each gram of the HFD was more energy-dense than one gram of regular chow). This suggests 
that the HFD-fed animals may have been trying to compensate for the energy-dense HFD by 
eating less food although the results do not show a complete compensation. Furthermore, only 
the HFD-fed animals in the 8-week experiment underwent a significantly higher weight gain 
compared to the chow-fed animals. After the end of the diet period the animals were sacrificed. 
Hippocampal sections were stained for doublecortin (DCX; marker for young neurons) and 
NeuN (marker for mature neurons) to examine the levels of neuronal differentiation and 
maturation respectively. Cell numbers expressing DCX and NeuN were quantified per section in 
the dorsal, medial and ventral regions of the hippocampus or per dentate gyrus. There was no 
significant difference in DCX or NeuN expression between the HFD- and chow-fed animals in 
either of the two studies. This lack of effect may be due to these specific HFD periods (i.e. 4 
weeks and 8 weeks) not being long enough to show changes in neurogenesis. Longer periods of 
HFD may result in higher levels of inflammation, higher percentages of weight gain and/or lower 
levels of physical activity that could in turn result in significantly reduced levels of neurogenesis. 
Additionally, it may take a longer time after the end of the diet period for changes in 
neurogenesis to show. Therefore, an increased period of high-fat diet exposure or prolongation of 
the monitoring period after the exposure may be required to show effects. 
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Abstract: The subventricular zone (SVZ) houses the largest neural stem cell niche in the 
mammalian brain. In this niche, molecular cues from special cellular and extracellular structures 
tightly regulate stem cell proliferation and differentiation. Apical surfaces of SVZ neural stem 
cells are encircled by multiciliated ependymal cells, forming a pinwheel-shaped cellular 
arrangement. Ependymal cells arise postnatally from neural stem cells, and the movement of 
their motile cilia directs the flow of cerebrospinal fluid, ensuring proper neurogenesis. The 
planar cell polarity of ependymal cells coordinates the orientation of this ciliary movement. 
The adult apical SVZ contains a distinctive extracellular matrix (ECM), which we have recently 
found to develop concurrently with the formation of niche pinwheels. While this niche ECM is 
diffuse at birth, by adulthood it becomes highly polarized to discrete regions in niche pinwheel 
centers, which we have termed “ECM hubs”. 
Since a dramatic remodeling of both cells and ECM occurs during postnatal SVZ development, 
we hypothesized that matrix metalloproteinases (MMPs), a family of extracellular 
endopeptidases that regulate ECM spatial organization in many tissues, may play a role in niche 
reorganization. Here we report that MMP-12 expression in particular is highly upregulated 
during ependymal cell maturation, and that MMP-12 knockout mice have an abnormal SVZ 
niche structure, characterized by aberrant numbers of stem cells per pinwheel, and reductions in 
the number and size of ECM hubs. Furthermore, the establishment of planar cell polarity in niche 
ependymal cells is significantly disrupted in MMP-12 knockout mice. 
Surprisingly, we found that lentivirus- or neonatal ventricle electroporation-mediated acute 
knockdown of MMP-12 impeded ciliogenesis in ependymal cells, which was not observed in 
MMP-12 knockout mice. We found that in MMP-12 knockout ependymal cells, a truncated 
MMP-12 mRNA is still expressed and can be translated into a shorter, intracellular isoform of 
MMP-12. Intracellular MMP-12 has been recently reported to act as a novel transcription factor 
that can enhance the transcription of IκBα, a negative regulator of NFκB signaling. As 
inappropriate NFκB pathway activation has recently been linked to a ciliogenic defect in 
ependymal cells, our data suggests a model in which aberrant NFκB activation upon MMP-12 
knockdown leads to a ciliogenic defect in ependymal cells. Together, these findings indicate that 
both secreted and intracellular MMP-12 may regulate the establishment of cellular and 
extracellular structures of the SVZ neural stem cell niche. 
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Abstract: The primary cilium is an organelle that can act as a master regulator of cellular 
signaling. Despite the presence of primary cilia in hippocampal neurons, their function is not 
fully understood. Recent studies have demonstrated that the primary cilium influences 
interleukin (IL)-1β-induced NF-κB signaling, ultimately mediating the inflammatory response. 
We, therefore, investigated ciliary function and NF-κB signaling in lipopolysaccharide (LPS)-
induced neuroinflammation in conjunction with ciliary length analysis. Primary ciliary length 
decreased in hippocampal pyramidal neurons after intracerebroventricular injection of LPS, 
whereas it increased in TLR4-/- mice. Next, to exclude the effects of microglial TLR4, we 
utilized HT22 hippocampal neuronal cells. LPS treatment decreased primary ciliary length, 
activated NF-κB signaling, and increased Cox2 and iNOS levels in HT22 hippocampal neurons. 
In contrast, silencing Kif3a, a key protein component of cilia, increased ciliary protein levels and 
suppressed NF-κB signaling and expression of inflammatory mediators. These data suggest that 
LPS-induced NF-κB signaling and inflammatory mediator expression are modulated by cilia, and 
that blockade of primary cilium formation by si_Kif3a regulates TLR4-induced NF-κB signaling. 
We propose that primary cilia are critical for regulating NF-κB signaling events in 
neuroinflammation and in the innate immune response. 
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Abstract: Adult-born hippocampal neurons go through distinct developmental steps, from a 
dividing neurogenic progenitor to a synaptically integrated mature neuron and this requires an 
extensive and dynamic remodeling of the cytoskeleton at each step of the process. Nevertheless, 
few studies have explored the role of the RhoGTPases, which are well-known regulators of the 
actin cytoskeleton, in the regulation of adult hippocampal neurogenesis. In this context, we have 
focused our attention on relatively newly characterized members of this family: the Rnd proteins 
and in particular on Rnd2. Rnd2 plays a critical role during embryonic neurogenesis in the 
cerebral cortex and is expressed in the adult dentate gyrus. However the implication of Rnd2 in 
the process of adult hippocampal neurogenesis is still unknown. 
To address this role, we have implemented two strategies of loss of function. First, we used 
retroviruses expressing Cre together with GFP to delete Rnd2 expression in newborn neurons of 
the dentate gyrus of Rnd2flox/flox mice. With this strategy, we show that Rnd2 deletion affects the 
survival of newborn neurons and induces an ectopic migration as well as an acceleration of the 
dendritic maturation in the surviving new neurons. Second, we have generated 
NestinCreERT2/Rnd2flox/AI6 mice to study the impact of Rnd2 deletion on the functions sustained 
by hippocampal adult-born neurons in particular spatial navigation and pattern separation. We 
are now analyzing these mice to confirm the effects observed with the retroviral strategy. 
Our preliminary data reveal a novel function for Rnd2 in the adult brain and provide mechanistic 
insights into the critical aspect of adult neurogenesis regulation. 
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Abstract: Gas1 is a membrane GPI-linked protein that inhibits cell proliferation by blocking the 
PI3K-Akt transduction signal when overexpressed. We have taken advantage of this 



characteristic for pre-clinical gene therapy assays directed at treating glioblastoma. However, the 
physiological role of Gas1 is more complex than previously considered and genetic studies have 
indicated that it is an important regulator of central nervous system development acting as a co-
receptor for Sonic Hedgehog (Shh) during the establishment of neuronal progenitor cells in 
spinal cord and granular cells of cerebellum. Recently we observed the expression of Gas1 in 
embryonic proliferating progenitor cells of cortex and hippocampus indicating that Gas1 fulfills 
a relevant function during brain development. On the other hand, although several studies have 
been published about Gas1 gene regulation little is known about the mechanisms that govern its 
pattern of expression during the development of the nervous system (specifically in neuronal cell 
linages) an aspect that is key, to understand the role of Gas1 in neurogenesis. As a first step to 
reach this objective we analyzed the promoter sequence of the mouse Gas1 gene by comparative 
genomics searching for transcription factor binding sites that could explain the expression pattern 
of Gas1 in the nervous tissue. Interestingly, the screening of the mouse Gas1 promoter revealed 
the presence of at least three highly conserved E-boxes with the consensus sequence CANNTG 
that can bind the proneural basic-helix loop helix (bHLH) transcription factors Neurogenin 2 
(Ngn2) and NeuroD. These proneural factors are known to regulate different stages of 
neurogenesis, including the specification of neuronal progenitor cells, the differentiation and the 
establishment of neuronal subtypes. We cloned a fragment of the mouse Gas1 promoter and 
performed luciferase reporter assays in the N1E-115 neuroblastoma cell line. By deletion and 
mutagenesis assays we demonstrated that two distal E-boxes motifs, located -1699 and -1940 
relative to the transcription start site of Gas1, mediate its activation by potentially binding to 
Ngn2, NeuroD and NeuroD2 proteins. This is the first time, to our knowledge, that a relationship 
between Gas1 and basic proneural signals that induce neuronal fate is observed. 
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Abstract: The growth and development of mouse retina are regulated by cellular mechanisms 
that couple neurogenesis to the proliferation of retinal progenitor cells (RPCs). In this study, 



mammalian target of rapamycin complex 1 (mTORC1) pathway was determined to be explored 
in connection with retinal development. We identified a regulatory role of mTORC1 in retinal 
development, showing that it facilitates both the synthesis and degradation of cyclin proteins to 
accelerate the cell cycle progression of RPCs and consequently the retinal neurogenesis. 
Interestingly, it has also revealed that the level of immune proteasome subunit β-9 (Psmb9) 
highly correlated with mTORC1 activity in developing mouse retina, and concomitant loss of 
Psmb9 decelerated cell cycle progression in Tsc1-deficient mouse RPCs and normalized retinal 
development. These results together support the hypothesis that mTORC1 may coordinates 
protein synthesis and degradation during retinal development process through a mechanism 
involved by immune proteasome. 
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Abstract: Neural crest cells (NCCs) are a transient population of embryonic stem-like cells that 
have the potential to differentiate into neurons and glia of the peripheral nervous system, as well 
as a variety of other non-neural derivatives including the skeletal elements of the vertebrate head. 
We are interested in investigating epigenetic modulation of genes regulating NCC migration and 
differentiation, and the potential disruption of this modulation by genetic and environmental 
insults. In order to obtain cell numbers sufficient for biochemical analyses of protein-protein and 
protein-gene interactions in developing NCCs we have optimized conditions for expanding and 
differentiating murine NCCs in vitro. Specifically we have isolated cranial and trunk NCCs from 
E9.5 Sox9-cre/EYFP mouse embryos. These cells can be expanded in culture for several 
passages while maintaining mesenchymal morphology, and expression of neural crest and stem 
cell-like markers. Using this in vitro model we have found that undifferentiated murine NCCs 



stain positive for choline acetyltransferase, and thus have the potential to produce cholinergic 
signals prior to differentiation as observed previously in chick and quail. In addition, 
undifferentiated murine NCCs may also possess the capacity to respond to cholinergic signals 
based on their expression of nicotinic acetylcholine receptor subunits. Here we present a detailed 
characterization of these cholinergic properties, as well as the morphology and migratory 
behavior of Sox9-expressing NCCs in culture under proliferative conditions and during different 
stages of neuronal, glial, and chondrocytic differentiation. 
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Abstract: The glycoprotein non-metastatic melanoma B (Gpnmb) is a type-I transmembrane 
protein that is produced by various types of normal cells including melanocytes, osteoclasts, 
osteoblasts, and dendritic cells in peripheral blood, as well as by various carcinoma cells. An 
increasing number of studies have described that Gpnmb is abundantly expressed in invasive 
glioblastomas, suggesting its contribution to tumor progression and metastasis. We have reported 
that Gpnmb is produced by macrophages and microglia in the normal and central nervous system 
of adult rats (Huang et al., Brain and Behavior 2, 85-96, 2012). In this study, we further 
examined whether Gpnmb was expressed in the developing rat brain. Gpnmb mRNA was 
detected by reverse transcription-polymerase chain reaction analysis in postnatal day 1 (P1) brain 
at roughly the same level as in the adult brain. Immunoperoxidase staining detected intense 
Gpnmb-immunoreactivity (IR) in choroid plexus, leptomeninges, and ependyma through the 
postnatal period. In the cerebral cortex, Gpnmb-positive cells were distributed diffusely in all 
layers at P1; some of the cells were positive for OX42, a microglia/macrophage marker. After 
P7, Gpnmb-positive cells became more prevalent in cortical layers II-IV, as shown in adult rats. 
In addition to cell bodies, the Gpnmb-IR was also detectable in process-like structures. In the 
hippocampus, Gpnmb-IR became more intense in the dentate gyrus after P7. In the cerebellum, 
as in the cerebrum, Gpnmb-positive cells were observed in all layers at P1. At P15 and P30, 
Gpnmb-IR was steadily detectable in Bergmann glial cells, with cell bodies adjacent to Purkinje 



cells, as previously demonstrated in adult rats. Additionally, in the both cerebrum and 
cerebellum, Gpnmb-positive cells were detected in the white matter and inner layers most 
frequently at P7 and P15, suggesting involvement in myelin formation. These results suggest that 
Gpnmb plays multiple roles in the development of postnatal rat brain. 
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Abstract: The Hedgehog (Hh) signaling pathway plays pivotal roles in normal embryonic 
development and postnatal homeostasis. Suppressor of Fused (SuFu), one of the key negative 
regulators of Hh signaling and Gli activities, is indispensable in vertebrates, as ablation of SuFu 
in mouse embryos leads to widespread activation of the Hh pathway and causes early embryonic 
lethality with cephalic and neural defects. Despite the central importance of SuFu in the Hh 
pathway, little is known about its regulation. Here, we performed a GAL4-based yeast two-
hybrid screen using human SuFu as bait, and identified NIMA-related expressed kinase 2A 
(Nek2A) as a new SuFu-interacting protein, which was also confirmed by Glutathione-S-
transferase pull-down and co-immunoprecipitation assays. Intriguingly, Nek2A is found to 
stabilize SuFu at least partly depending on its kinase activity, thereby triggering phosphorylation 
of the SuFu protein. Moreover, the phosphorylated SuFu inhibits the nuclear localization and 
transcriptional activity of Gli2. These findings reveal a new mechanism of mammalian SuFu 
regulation, and offers novel insights into Hh signaling regulation in development and human 
disease. 
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Title: Bone morphogenetic protein-7 and the development of the peripheral pain pathway 
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Abstract: Neuropathic pain (NP) is a priority health issue that affects up to 10% of all adults 
worldwide. Medical interventions are often inadequate and can lead to drug tolerance or 
addiction. An understanding of the development of the pain pathways may provide essential 
clues to develop novel treatments for NP. Bone Morphogenetic Proteins (BMPs) are 
evolutionarily conserved, secreted, highly regulated signaling molecules with pleiotropic 
functions. Loss of Bmp7 affects multiple neural crest-derived craniofacial structures including a 
significantly delayed outgrowth of the trigeminal nerve. As Bmp7 has been implicated in neural 
development and regeneration of the peripheral nerves, we sought to investigate whether loss of 
Bmp7 affects development and function of peripheral sensory neurons. Bmp7-lacZ reporter mice 
revealed that in E9.5 embryos Bmp7 is expressed in newly formed neural crest cells. At E11.5 
Bmp7 was detected in a mottled pattern in migrating dorsal root ganglion neurons (DRGN) 
suggesting it is expressed in a subpopulation. Lineage tracing for neural crest-derived cells using 
the Rosa26lacZ allele and wnt1-Cre revealed that at E15.5 Bmp7-deficient mice have noticeably 
fewer spinal nerve axons and a decrease in size of DRGs. To assess potential functional 
consequences (and to overcome perinatal lethality), we deleted Bmp7 in all neural crest-derived 
cells using a conditional Bmp7 allele (Bmp7fl) and wnt1-Cre. Behavioral analysis (Von Frey 
filament test) in adult Bmp7fl:wnt1Cre mutant mice revealed a significant allodynia. Histological 



analysis of corresponding DRGs demonstrated a decrease in calcitonin gene related protein 
(CGRP)-expressing neurons found in a subpopulation of both Aδ (primarily sharp pain) and C 
fibers (dull ache/inflammatory pain) (12.8% ± 0.6 and 21.7% ± 0.2% of CGRP expressing 
DRGN in control and Bmp7fl:wnt1Cre mutant mice respectively (p<0.05)). Conversely in C-
fibers there was an increase in isolectin B4 (IB4)-expressing DRGN from 33.0% ± 0.07% in 
control mice to 45.7% ± 0.16 in the Bmp7fl:wnt1Cre mutant mice respectively (p < 0.05). In 
summary, our data reveal for the first time a role of Bmp signaling in pain fiber sub-specification 
and regulation of physiological pain responses. In future work we will explore this lead to 
identify molecular networks involved in pain fiber sub-specification, which might lead to novel 
targets for therapeutic intervention in neuropathic pain. 
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Abstract: A single nucleotide polymorphism (SNP), Val66Met, results in abnormal regulated 
release of brain derived neurotrophic factor (BDNF) from neurons. The presence of this SNP 
could impact the translational capacity of activity-dependent treatments which enhance nerve 
regeneration after injury through a BDNF-dependent mechanism. We tested the effects of 1 hour 
of 20 Hz ES on muscle reinnervation in wild type (WT) C578/6 mice and mice of the same 
background strain in which the native BDNF gene was replaced by one containing the Val66Met 
SNP. Sciatic nerves were cut and repaired with end-to-end anastomosis, and 4 weeks later motor 
unit number estimation (MUNE) was performed using EMG recordings from lateral 
gastrocnemius. Motor endplate reoccupation was evaluated using histological sections of lateral 
and medial gastrocnemius. To measure axon regeneration, Val66Met mice were crossed with 
SLICK (Single neuron Labeling with Inducible Cre mediated Knockout) mice, which express 



yellow fluorescent protein (YFP) in a subset of neurons, and nerve transection was repaired with 
acellular allografts from WT mice. Axon profile lengths of YFP+ neurons were measured two 
weeks post-repair. From all three outcome measures, our preliminary data indicate that untreated 
mice expressing the Val66Met SNP have superior regeneration than WT mice after injury, but 
that treatment with ES does not further enhance their regeneration. The enhancement of 
regeneration in the untreated Val66Met mice may be a result of compensatory mechanisms other 
than BDNF that are unaffected by ES. 
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Abstract: Nerve injury causes significant long-term disability. With this in mind, we believe that 
supplementing the injured nerve with autologous Schwann cells (SCs), a glia cell type that can 
be harvested directly from injured patients, and that has potential to rejuvenate the injury 
environment, will improve functional outcomes. Although promising, Schwann cell collection 
procedures for autologous transplant, currently under clinical trial, require invasive surgery for 
collection, causing additional discomfort. As such, for over a decade now several laboratories 
have been developing protocols to derive SCs from the easily accessible skin. Using rodent skin-
derived SCs (SkSCs), it has been shown that SkSCs can improve anatomical measures, 
ultimately supporting improved behavioral outcomes following CNS and PNS injury. Because 
most of the convincing research pertaining to SkSC potential has been demonstrated using 
neonatal rodent cells, it is paramount that similar experiments are perform using adult human 



SkSCs before they can be seriously considered as a replacement for current treatment options. 
Here we describe the purification and characterization of SCs from adult human skin of 4 male 
donors (27-46 years old). Within 2 weeks of isolating and culturing adherent mixed skin cells in 
serum-free SC media, colonies of bipolar shaped cells were sporadically detectable. Within 2-4 
weeks of growth, we selected these colonies using cloning cylinders, and re-plated these 
colonies. By 5 weeks, we obtained 3-5 million purified SCs - a cell number appropriate for 
transplantation in the clinic. Using a battery of Schwann cell lineage-specific markers, we 
demonstrated that SkSCs are phenotypically indistinguishable from nerve-derived SCs (nSCs). 
Namely, SC associated genes were highly expressed in both nSCs and SkSC cultures compared 
to dermal fibroblast cultures. This included genes such as SOX10, SOX9, AP2A1, CDH19, 
EGR1, ETV5, PAX3, SOX2, CX32, DHH, NECL4, NFATC4, POU3F1, S100B and YY1. Using 
immunocytochemistry we demonstrated that the percentage of cells in nSC and SkSC cultures 
expressing Sox10 were 89.3±6.3% and 77.3±6.2%, respectively (P=0.2). Following 
transplantation into nerve injury in immune-deficient mice, the majority of transplanted SCs 
maintained Sox10 immunoreactivity in both nSCs and SkSC transplant conditions, and also 
expressed the promyelinating factor, POU3F1, in 60.85±2.21% and 50.85±1.87% of cells, 
respectively (P=0.09). In addition, subsets of these cells were associated with myelin (MBP, 
Pzero or fluoromyelin+), aligned on neurofilament+ axons. Such findings suggest that SkSCs 
should be considered for clinical application. 

Disclosures:  J.A. Stratton: None. R. Kumar: None. P. Shah: None. M. Stykel: None. R. 
Midha: None. J. Biernaskie: None. 

Poster 

675. Peripheral Nervous System Regeneration 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 675.04/B6 

Topic: A.04. Transplantation and Regeneration 

Support: NIH Grant NS057190 

 NIH Grant NS087915 

Title: Androgen receptor signaling is required for activity-dependent somatic motoneuron axon 
regeneration 
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Abstract: Systemic treatment with flutamide, an anti-androgen, blocks the enhancement of axon 
regeneration produced either by brief electrical stimulation (ES) or moderate treadmill exercise 
following peripheral nerve injury. The specific cellular target sites of the required androgen 
receptor (AR) signaling are unknown. Here, we used mouse genetics to investigate whether the 
requirement for AR signaling was in somatic motoneurons whose axons are regenerating. Two 
weeks following sciatic nerve transection and repair by end-to-end anastomosis, sciatic nerves 
were soaked in fluorescent retrograde tracer applied 4 mm distal to the repair. In SLICK (Single 
neuron Labeling with Inducible Cre mediated Knockout) mice, which express YFP in a subset of 
motoneurons, one hour of 20 Hz ES applied just prior to nerve repair resulted in a greater 
number of retrogradely-labeled and double-labeled (YFP+ and retrograde labeled) motoneurons 
than SLICK mice that underwent transection and repair alone (untreated). When SLICK:AR 
floxed mice are tamoxifen treated, the DNA binding portion of the AR is knocked out selectively 
in the YFP+ motoneurons. In male mice with this inducible AR knock-out, ES failed to promote 
axon regeneration in the knock-out (YFP+) motoneurons (fewer double-labeled motoneurons), 
but enhanced axon regeneration in the wild type (YFP-) motoneurons. In females, sciatic nerves 
in these same genotypes were cut and repaired using non-fluorescent nerve grafts. Lengths of 
YFP+ regenerating axon profiles were measured in confocal images two weeks later. Brief ES 
enhanced the median lengths of YFP+ axons in SLICK:AR floxed mice with motoneuron-
specific AR signaling knock-out. Activity-enhanced axon regeneration of motoneurons is 
dependent on the transcriptional cascades resulting from AR signaling in motoneurons in males 
but not females. ES does not enhance motor axon regeneration via motoneuron ARs in a 
transcription-dependent manner in females. 
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Abstract: Purpose: Many challenges exist in improving outcomes following peripheral nerve 
injuries, specifically in cases with delayed nerve repair and with large nerve defects. This study 



focused on investigating a new method to improve axon regeneration after surgical repair of a 
severely injured nerve. FK506, an FDA approved immunosuppressant, promotes functional 
recovery and reinnervation following peripheral nerve injury. However, FK506 has not been 
widely adopted for treating nerve injuries because the systemically delivered drug causes 
undesirable immunosuppression. We investigated a novel local delivery system for FK506 which 
utilizes fibrin gel as a biodegradable drug reservoir that could be placed at a site of nerve injury. 
Methods: FK506 was incorporated into fibrin gel in solubilized, particulated and poly(lactic-co-
glycolic) acid (PLGA) microspheres-encapsulated forms. In order to analyze the effectiveness of 
the delivery systems in enhancing nerve regeneration, a rat nerve transection model was used, 
where the proximal tibial nerve stump was cross-sutured to the distal stump of a cut common 
peroneal nerve. Rats in the negative control groups either did not receive any delivery system 
treatment or received fibrin gel with empty microspheres (without any FK506). The 
experimental groups included rats treated with fibrin gel loaded with solubilized, particulated, or 
PLGA microspheres encapsulated FK506. 3 weeks after repair, nerve regeneration was assessed 
using retrograde labeling and collecting nerve samples 7 mm distal to the repair site for 
histomorphometric analysis. 
Results: Rats in experimental groups receiving FK506-loaded microspheres and the particulate 
form of FK506 doubled the number of motoneurons regenerating their axons after injury and 
allowing all the tibial motoneurons to regenerate their axons successfully. The number of the 
motor and sensory neurons that regenerated their axons for the FK506 microspheres treated 
group and the particulated FK506 treated group were significantly higher than the number in all 
the groups, including the solubilized FK506 treated group and negative control groups. 
Histomorphometric analysis indicated increased numbers of myelinated axons following 
particulated FK506 and FK506 microspheres treatment compared to the native control groups. 
Conclusion: The local application of FK506 via our proposed delivery systems resulted in 
excellent axon regeneration while preventing the toxicity of systemic FK506 that has prevented 
clinicians from using FK506 routinely for treating severe cases of peripheral nerve injuries. 
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Title: Luminopsin mediated attenuation of exercise induced functional improvements after 
sciatic nerve injury 
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Abstract: Inhibitory luminopsins (iLMOs) integrate opto- and chemo-genetic approaches and 
allow for cell-type specific inhibition of neuronal activity. iLMOs are fusion proteins with a 
light- emitting, Renilla luciferase (RLuc), and a light-sensing inhibitory opsin, Halorhodopsin 
(NpHR). A small molecule substrate, coelenterazine (CTZ), binds to RLuc and is converted into 
photons that activate the NpHR channel to hyperpolarize cells expressing the iLMOs. Moderate 
daily exercise following peripheral nerve injuries (PNI) results in enhanced axon regeneration. 
An interval treadmill-training (IT) regimen is effective in female mice. We hypothesized that 
iLMO mediated inhibition of motoneuronal activity during exercise would attenuate the 
associated improvements in functional outcomes after sciatic nerve injury. Utilizing Cre-lox 
technology and viral vector delivery methods we expressed iLMOs in motoneurons. Unilateral 
intramuscular injections of AAV9-EF1a-DIO-iLMO2 (~8.5x1013 vg/ml) were made in young 
female ChAT-Cre mice. Four-six weeks were allowed for retrograde viral transduction of 
motoneurons after which a unilateral sciatic nerve transection (Tx) and repair was performed. 
Animals were randomized into four groups: IT with CTZ treatment, CTZ treatment only, IT 
only, and untreated (UT). Three days after Tx-repair, IT and/ or CTZ treatments were 
administered every day, five days a week for two weeks. Evoked M- response recovery was 
measured at three weeks post Tx-repair. The maximal M- response amplitude recorded from the 
reinnervated muscles of the IT only group was significantly greater than that in UT mice, 
confirming that this exercise regimen was effective in promoting axon regeneration and muscle 
reinnervation. Inhibiting motoneuronal activity during exercise in the IT+CTZ group resulted in 
a significant attenuation of the maximum M-response in this group, compared to the IT only 
group. The maximum M response amplitude in the CTZ only group was smaller than that found 
in UT mice at this survival time, indicating that inhibiting the activity of axotomized 
motoneurons impeded the regeneration of their axons. We conclude that neuronal activity may 
be required for successful motor axon regeneration and its enhancement by exercise.  
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Abstract: Muscle fibers innervated by one nerve, a muscle unit (MU), may be identified with 
periodic acid staining (PAS) after repetitive on-off fatiguing tetanic contractions of isolated and 
physiologically characterised MUs. MU muscle fibers are located within defined MU territories 
that normally occupy 21 + 2 % (n=20) of the cross-sectional area of TA muscles. These MU 
territories, that link the outermost muscle fibers, provide an indirect image of the extent of 
intramuscular nerve branching (Rafuse and Gordon, J Neurophysiol 75:282-297, 1996). MU 
contractile forces and muscle fiber numbers increase with size of their innervating nerves in 
normal and reinnervated muscles (Gordon and Stein, J Neurophysiol 48: 1175-1190, 1982; 
Totosy de Zepetnek and Gordon, J Neurophysiol 67: 1385-1403, 1992). It follows that extent of 
nerve branching, as measured by the size of MU territories, and electrophysiological parameters 
of motor nerve size must also correlate. Here we asked 1) Is this prediction accurate in normal 
and reinnervated TA muscles? 2) If and how does the pattern of MU nerve branching within 
intramuscular nerve sheaths change after the known random axon regeneration into distal nerve 
stumps after CP nerve transection and surgical repair?; and 3) Is the normal preference of slow 
nerves to reinnervate muscle fibers in the deep portions of skeletal muscles, slow muscle fiber 
regionalization, demonstrated during nerve regeneration? The answers were 1) Yes. MU 
territories that were significantly reduced in size, demonstrated the same size-dependent 
relationship between the size of the motor nerve and the extent of the intramuscular branching of 
the nerve prior to formation of functional nerve-muscle contacts, as in normal TA muscles; 2) 
Yes. The pattern of single motor nerve branching was altered with significantly more MU fibers 
adjacent to one another in reinnervated muscles as compared to the typical mosaic distribution 
with few adjacent MU muscle fibers, in normally innervated muscles. The more distal nerve 
branching within the denervated intramuscular nerve sheathes restored the normal size 
relationships in reinnervated muscles despite the altered branching patterns; and 3) Slow motor 
nerves demonstrated a preferential reinnervation of denervated endoneurial tubes that had 
formerly contained these nerves. With thanks to the CIHR for their financial support. 
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Abstract: Introduction 
Brief post-surgical electrical stimulation (ES) enhances motor and sensory axonal regeneration in 
animal models following axotomy and crush injury. The ulnar nerve that innervates the majority 
of hand muscles makes a vital contribution to hand strength. In this study, we investigated the 
hypothesis that ES following cubital tunnel surgery in patients with severe ulnar nerve injury 
would result in significantly better muscle reinnervation and functional recovery compared to 
surgery alone. 
Methods 
Patients with severe axonal loss from ulnar nerve compression at the elbow were randomly 
assigned to the treatment or control group in a 2:1 ratio. Those in the control group received 
cubital tunnel surgery and sham stimulation, while patients in the treatment group received 1 
hour of 20Hz ES following surgery. Stimulation was delivered via two stainless electrodes 
placed adjacent to the ulnar nerve intraoperatively. Patients were followed yearly for 3 years. At 
each visit, axonal regeneration was quantified using motor unit number estimation (MUNE) and 
functional recovery was evaluated using grip strength and key pinch strength. Statistical analysis 
was performed using non-parametric tests, with statistical significance set at p<0.05. 
Results 
Twenty-four patients were enrolled in the study: 8 received surgery alone and 16 received 
surgery and ES. There was no significant difference in demographics between the two groups. At 
three years following surgery, MUNE was significantly higher in the treatment group (182±25, 
mean±sd) compared to controls (93±14, p<0.05). In terms of functional recovery, grip strength 
was significantly improved in the treatment group (43±3kg) at 3 years post-operatively compared 
to controls (39±3kg, p<0.05). Key pinch strength was also significantly better in the treatment 
group (5.2±0.5kg) compared to controls (4.4±0.8kg, p<0.05). 
Conclusions 
These results suggest that post-surgical ES enhances axonal regeneration, muscle reinnervation 



and functional recovery following cubital tunnel surgery in humans. We propose that ES may be 
a clinically useful adjunct to surgical release for severe ulnar nerve injuries where functional 
recovery with conventional treatment is poor. 

Disclosures:  K. Chan: None. H.A. Power: None. M.J. Morhart: None. J.L. Olson: None. 

Poster 

675. Peripheral Nervous System Regeneration 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 675.09/B11 

Topic: A.04. Transplantation and Regeneration 

Support: CIHR 

 UHF 

 AIHS 

Title: Satellite glial cell renewal in dorsal root ganglia after peripheral nerve injury involves self 
renewal and intrinsic reprogramming of non-glial cells 

Authors: *A. KRISHNAN1, C. CHENG2, D. W. ZOCHODNE1;  
1Dept. of Med., Univ. of Alberta, Edmonton, AB, Canada; 2Clin. Neurosciences, Univ. of 
Calgary, Calgary, AB, Canada 

Abstract: The generation of new satellite glial cells (SGC) in dorsal root ganglia (DRG) after 
peripheral nerve injury has previously been described but how they appear is not well 
understood. In this work we examined proliferative events within rat dorsal root ganglia, three 
days after sciatic nerve axotomy, to understand overall cellular dynamics. We encountered five 
main perineuronal cell types relevant to this question: (i) GFAP+ sox2+, (ii) sox2+ ki67+, (iii) 
GFAP+ ki67+, (iv) ki67+ GFAP- sox2-, and (v) sox2+ ki67- GFAP-. Population (i) potentially 
indicates activation (GFAP+) and dedifferentiation (sox2+) of existing SGCs while, (ii) &(iii) 
represent proliferation (ki67+) of these de-differentiated (sox2+) SGCs (GFAP+) for self renewal. 
Interestingly, the population (iv), indicates proliferation of cell types other than SGCs while (v), 
potentially indicates reprogramming of these unknown cell types. Vimentin positivity in 
population (iv) & (v) indicate that these cells are of mesenchymal origin. Among all the cell 
types, population (iv) was seen also in the nerve roots suggesting local proliferation at that site 
with potential follow up migration of non-glial cells from distant territories to DRGs. We also 
marked the proliferating cells with Brdu and encountered results supporting the above 
conclusions. Overall, our observations suggest that SGC generation in response to peripheral 



nerve injury involves self renewal of existing SGCs and in vivo reprogramming of non-glial 
mesenchymal cells. The intrinsic reprogramming potential of cell populations in the DRG and 
nerve roots may shed light on other possibilities such as the potential for generation of new 
sensory neurons. [Supported by CIHR, UHF, AIHS] 
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Title: Repeated application of 20 Hz electrical stimulation after peripheral nerve injury promotes 
motor axon regeneration and retention of exaggerated H reflexes. 

Authors: S. PARK, *A. W. ENGLISH;  
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Abstract: A single treatment with one hour of 20 Hz continuous electrical stimulation promotes 
the regeneration of axons in cut peripheral nerves. This enhanced axon regeneration is the result 
of a transient increase in neuronal expression of BDNF and its trkB receptor (Al-Majed et al, Eur 
J Neurosci, 2000. 12:4381-4390). A slightly more robust enhancement of peripheral axon 
regeneration is achieved by two weeks of daily treadmill exercise, also in a BDNF/trkB-
dependent manner. We tested the hypothesis that repeated application of brief electrical 
stimulation (rES) would be more effective in promoting functional muscle reinnervation than a 
single application (sES). Sciatic nerves of C57B6 mice were cut and repaired by end-to-end 
anastomosis. At the time of nerve repair and every third day for the following two weeks, the 
proximal segment of the cut nerve was stimulated continuously for one hour at 20 Hz. In control 
groups used for comparison, nerves were cut and repaired and mice were either untreated (UT) 
or treated with a single application of electrical stimulation (sES) at the time of nerve repair. 
Beginning two weeks later, functional muscle fiber reinnervation was assayed using stimulus 
evoked EMG activity from the gastrocnemius and tibialis anterior muscles. Direct muscle (M) 
responses and monosynaptic H reflexes produced in response to sciatic nerve stimulation above 
the injury site were studied in awake animals. The amplitude of M responses recorded from 
reinnervated muscles increased progressively over the 14 week post transection study period. In 
the rES animals, this increase was more rapid than sES or UT mice. In rES mice, the amplitude 



of H reflexes recorded from reinnervated muscles increased more rapidly than found in either UT 
or sES mice, reaching a peak at six weeks after nerve injury. The H reflexes in the rES animals 
were maintained at more than twice the amplitude of the same reflexes recorded prior to injury 
for the remaining eight weeks studied. Repeated ES does enhance motor axon regeneration and 
functional muscle reinnervation, and this enhancement is more robust than a single ES treatment, 
but rES also results in the retention of exaggerated H reflexes. 
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Title: A growth suppressive role for major urinary protein (MUP) expression in diabetic and 
nondiabetic adult sensory neurons 

Authors: *D. W. ZOCHODNE1,2, V. SINGH3, A. CHANDRASEKHAR1,2, T. POITRAS2, J. 
A. MARTINEZ3;  
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Abstract: In an array analysis of gene expression in dorsal root ganglia (DRGs) of mice we 
encountered an unexpected upregulation of major urinary proteins (MUPs 1,2) in chronic 
experimental diabetes. MUPs were initially identified as secretory proteins in urine with a 
potential role as pheromones, among other possibilities. Mice with chronic experimental diabetes 
provide a model that exhibits key features of human diabetic polyneuropathy with 
electrophysiological abnormalities (motor and sensory conduction slowing) and behavioural 
changes (loss of thermal sensation). Here, we confirmed the prominent and widespread cytosolic 
expression of MUPs in both mouse and rat sensory neurons and in DRG glial cells. Moreover, 
MUPs were expressed in sciatic axons, Schwann cells and distal sensory branches within the 
skin dermis of the footpad. In a chronic diabetes model, knockdown of MUP2 through intranasal 
nonviral siRNA delivery had an impact on downstream axonal function, improving motor and 
sensory conduction abnormalities. Anticipating that MUP may have a functional impact on 



overall growth plasticity of sensory neurons, we also examined the impact of its knockdown on 
neurite outgrowth of dissociated and preinjured rat DRG sensory neurons. MUP1,2 knockdown 
was associated with a significant rise in neurite outgrowth compared to neurons exposed to 
control scrambled siRNA sequences. Moreover, this impact was confirmed separately in adult 
mouse neurons. Taken together, our findings suggest unique and functional roles for MUPs in 
sensory axons that may differ from their potential pheromone actions. Overall, MUPs appear to 
restrain growth in adult neurons. Their upregulation in experimental diabetes may contribute, 
along with other abnormalities of sensory gene expression, to the complex phenotype of this 
disorder. [Supported by CIHR, CDA] 
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Title: AlphaB-crystallin modulates immune responses and lipid metabolism in an age dependent 
matter in the uninjured and damaged peripheral nervous system. 

Authors: E.-M. LIM1, *S. S. OUSMAN2;  
1Neurosci., 2Clin. Neurosciences and Cell Biol. & Anat., Hotchkiss Brain Institute, Univ. of 
Calgary, Calgary, AB, Canada 

Abstract: As the peripheral nervous system (PNS) ages, immune responses and oxidative stress 
are enhanced while lipid metabolism is reduced. Further, Wallerian degeneration is delayed in an 
age dependent manner following PNS injury. To determine what underlies the aging-related 
deficits in the undamaged and injured PNS, we noted that a small heat shock protein called 
alphaB-crystallin (αBC), which is expressed by PNS axons and Schwann cells, is significantly 
reduced with age. To evaluate whether αBC contributes to PNS aging related processes, we 
assessed for presence of macrophages (Iba1 staining), and for markers of lipid metabolism 



(SQLE staining) and oxidative stress (CHOP immunohistochemistry). We found that naïve and 
28d injured αBC null mice exhibited increased Iba1+ profiles at 3 and 12 months of age 
compared to WT counterparts. This augmented immune response correlated with enhanced 
levels of chemokines at particular time points after injury in the knockout animals. With respect 
to lipid metabolism and oxidative stress, the number of SQLE profiles was markedly decreased 
in 12 month old null mice while the counts for CHOP remained unchanged. Altogether, these 
data demonstrate that the reduced levels of αBC in sciatic nerves with age correlated with a 
deficit in lipid metabolism and, an exuberant macrophage presence. 
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Title: Chronic electrical muscle stimulation (EMS) following nerve injury and repair in Sprague 
Dawley rats does not lead to preferential reinnervation of target muscles 
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Abstract: Regenerating motor nerves randomly reinnervate target muscles resulting in 
synkinesis. The efficacy of chronic EMS on nerve regeneration is controversial. In a canine 
model of laryngeal nerve injury, EMS of reinnervating muscles promotes selective and 
appropriate reinnervation of muscles. This evidence is largely based on functional 
measurements. We provide direct evidence through retrograde labeling and spatial analysis of 
neuronal populations that EMS does not preferentially reinnervate target muscles. 
The soleus and lateral gastrocnemius (LG) muscles in two groups of rats were used as the target 
muscles. Soleus muscles were injected with True Blue (TB) fluorescent tracer to label the 
original soleus motoneuron pool. One week later, bipolar stainless steel wire electrodes were 
implanted into the soleus muscle. The lateral gastrocnemius soleus (LGS) nerve was then 
transected and immediately repaired using one epineurial suture (11-0). The experimental group 
of rats underwent EMS of the soleus muscle with 12 hrs of EMS per day at 20 Hz (10 sec on, 20 
sec off, 400 µs pulse width) followed by 12 hrs of intermittent stimulation (10 sec on, 1 hr off) 
performed 7 days per week. Two months following nerve injury and repair the soleus nerve was 



retrogradely labelled with Fluoro-Ruby (FR). The contralateral uninjured side was also labelled 
to assess the distribution of normal motoneuron pools. Labeled motoneurons were counted, and 
where possible, spatially normalized models were created to analyze and compare the spatial 
distributions between groups. In a subset of rats in which the motoneuron pools could not be 
spatially normalized, the nearest-neighbour distance distribution function was used for analysis. 
The number of motoneurons that labeled with both TB and FR were not different whether or not 
the soleus muscle was stimulated demonstrating that EMS did not promote preferential 
reinnervation of the muscle. However, retrograde labeling via intramuscular injection only 
labeled ~75% of the soleus motoneurons. Spatial statistics were used to provide a more detailed 
examination of the segregation of the soleus and LG motoneuron pools. The pools show a clear 
segregation in the dorsal-ventral plane in uninjured rats. However, nearest-neighbour analysis 
demonstrated that the reinnervated motoneuron pools were highly segregated as compared to the 
original soleus motoneuron pools and the EMS did not affect the degree of segregation. 
Our findings here demonstrate that chronic EMS of reinnervating muscle does not promote 
preferential reinnervation of target muscles but, importantly, it does not prevent muscles from 
being reinnervated by regenerating nerves. 
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Title: Expression of the monocyte chemokine CCL2 in regenerating peripheral nerve is rapidly 
elevated in response to brief electrical nerve stimulation 

Authors: J. M. JOHNSTON, R. ZHAI, N. A. MCLEAN, J. R. NADEAU, *V. M. VERGE;  
Anat. & Cell Biol., Univ. Saskatchewan-CMSNRC, Saskatoon, SK, Canada 

Abstract: The neural immune axis plays a critical role in peripheral nerve regeneration, with 
previous studies linking overexpression of CCL2/MCP-1 to an enhanced regenerative capacity 
akin to a conditioning lesion (Kwon et al., 2015 J Neurosci 35(48):15934; Niemi et al, 2016 Exp 



Neurol 275(1):25-37). We and others have shown that electrical nerve stimulation (ES) is an 
effective adjunct therapy to enhance nerve regeneration in manner akin to a conditioning lesion 
(reviewed in Gordon and Borschel 2016 Exp Neurol). What is not known is whether this is 
linked to an impact on the neural immune axis with respect to regulation of CCL2 expression and 
monocyte recruitment. To examine this, we conducted a time course analysis on adult male 
Wistar rats subjected to a unilateral mid thigh sciatic nerve crush with 1 hour continuous 
electrical nerve stimulation at 20 Hz at the time of nerve injury. Injury only and injury + ES with 
lidocaine block served as controls. Preliminary data reveals a rapid response to ES with respect 
to CCL2 expression as early as 3 hours post-ES, when a discernible increase in CCL2 expression 
was evident in the Schwann cells of the regenerating nerve proximal to injury with a more robust 
increase observed at the level of the dorsal root ganglion (DRG) in sensory neurons and axons. 
By 2 days post-injury the nerves subjected to ES had even higher levels of CCL2 expression 
relative to the non-stimulated nerves in both axons and Schwann cells, the former suggesting 
anterograde transport of CCL2 in the sensory axons to the regenerating front. Further, there was 
also a corresponding increase in the numbers of macrophages observed in the injury zone of the 
stimulated nerve. As with the 3 hr timepoint, the 2 day ES-associated increases in CCL2 
expression was even higher in the corresponding DRG neurons and axons. Analysis of the 
additional timepoints will reveal how long this response is sustained. Collectively, these results 
demonstrate an impact of ES on an aspect of the neural immune response known to benefit axon 
regeneration. 
This research is supported by Saskatchewan Health Research Foundation (2803) and Canadian 
Institutes of Health Research (MOP74747, 142328) grants to VMKV. 
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Title: Global knockout of Toll-like Receptors 2 and 4 does not hinder Wallerian degeneration 
but does somewhat impair regeneration after sciatic nerve injury 

Authors: *J. LINDBORG, O. SHELTON, R. ZIGMOND;  
Neurosciences, Case Western Reserve Univ., Cleveland, OH 

Abstract: Peripheral neurons can regenerate after a nerve injury. The axon distal to the site of 
injury degenerates and the debris is cleared by macrophages (mφs) and Schwann cells (a process 
called Wallerian degeneration), which allows regenerating axons to extend from the proximal 
nerve segment. Mφs accumulate after nerve injury in the distal nerve segment and near the cell 
bodies. Although it has been shown that without mφ accumulation there is hindered degeneration 
and regeneration, the mechanisms by which mφs are able to accumulate and aid in these 
processes are incompletely understood. It has been proposed that Schwann cells, neurons and 
satellite glial cells induce the release of the chemokine CCL2 after nerve injury via the activation 
of the Toll-like receptors (TLRs) 2 and 4, which results in the accumulation of mφs at the cell 
body and distal to the site of injury. We have investigated the importance of these receptors in 
mφ accumulation, myelin clearance and regeneration in dorsal root ganglia (DRG), superior 
cervical ganglia (SCG), and sciatic nerves after injury in wildtype (WT) and TLR 2/4 double 
knockout (DKO) mice. Our results show variable accumulation of mφs in all tissues depending 
on the specific marker used. CD68+ mφ accumulation is unchanged between genotypes in all 
tissues 7d following axotomy. However, accumulation is decreased in all tissues in DKO mice 
when using CD11b to label mφs. Iba1+ mφ accumulation is comparable between genotypes in the 
sciatic nerve, but is significantly decreased in DKO DRG compared to WT DRG. At present, we 
do not know the significance of the differential expression of mφ markers. While myelin 
clearance is comparable between genotypes 7d after axotomy, L5 DRG explants of DKO mice 
show a small but significant decrease in neurite outgrowth relative to WT DRG after 48h in 
culture. Interestingly, the loss of TLRs 2 and 4 has no effect on CCL2 mRNA expression at 24 or 
48h after injury in all three tissues of DKO mice, except in the sciatic nerve at 24h post-injury 
where we observe a significant decrease compared to WT mice. In the DRG and SCG 24h after 
axotomy, we observed no differences between genotypes in mRNA expression of Csf1, GFAP, 
c-Jun, or CX3CL1. c-Jun expression at 24h after injury was significantly increased in WT sciatic 
nerve compared to DKO mice, although no difference was observed at 48h. c-Jun expression at 
48h post-injury was significantly increased in DKO DRG compared to WT DRG, but the 
converse was found in SCG. In conclusion, TLR 2/4 signaling has no effect on myelin clearance 
after injury, but exerts a small yet significant effect on nerve regeneration. (Supported by 
DK097223, EY11373, and 2R25GM075207) 
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Title: Classification of macrophage activation state in dorsal root ganglia after peripheral nerve 
injury 

Authors: M. HOWARTH1, *A. DEFRANCESCO-LISOWITZ2, J. P. NIEMI3, C. MOORE4, R. 
E. ZIGMOND3;  
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Abstract: Understanding the complex process by which peripheral neurons regenerate plays an 
integral role in the ability to develop therapies for injury both to the peripheral nervous system 
and to the normally non-regenerating central nervous system. Previous research conducted by 
our laboratory suggested that the regenerative process is dependent on post-axotomy macrophage 
accumulation not only in the segment of the nerve distal to the site of injury, as previously 
established, but also around the neuronal cell bodies, located in peripheral ganglia. However, the 
exact method by which these macrophages assist in regeneration is unknown due to a poor 
understanding of their properties, including whether they behave in a pro- or anti-inflammatory 
manner. Thus, to obtain a better understanding of the function of these macrophages, we 
performed a phenotypic analysis of macrophages in the lumbar level 5 dorsal root ganglion 
(DRG) after sciatic nerve transection. Real-time PCR analysis was used to determine the time 
course of pro- and anti-inflammatory macrophage markers in DRG after injury. Interestingly, a 
significant increase in the anti-inflammatory markers CD206, Ym1, and Arginase 1 occurred 
only at 7 days after injury compared to the early upregulation of the pro-inflammatory markers 
CD86 and iNOS occurring at 3 days post-injury. These data raise the possibility that 
macrophages are not polarized to an anti-inflammatory activation state when they first 
accumulate in the DRG but rather shift their activation over time. To specifically localize these 
markers to macrophages, immunohistochemistry was performed to label macrophages, using 
antibodies to CD11b and CD68, and antibodies to markers expressed by anti-inflammatory 
macrophages, using CD206, and pro-inflammatory macrophages, using iNOS, in the DRG at 
various times after injury. Our analysis suggests that macrophages in the DRG 7 days after 



injury, but not at earlier time points, highly colocalize with the anti-inflammatory phenotypic 
marker, CD206. Staining was also carried out in the CCR2 knockout mouse, a mouse that has a 
significantly diminished macrophage response to injury. CCR2 knockout mice displayed a 
significant reduction in CD206 expression, as a result of the reduced macrophage population 
within the ganglia. Taken together, these data suggest that macrophages accumulating in 
axotomized peripheral ganglion tend towards an anti-inflammatory phenotype at 7 days. 
(Supported by DK097223, NS077888, and EY11373) 
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Title: Macrophage stimulation of peripheral axon regeneration requires CCL2 and pSTAT3 
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Abstract: Neuroinflammation plays a critical role in the regeneration of peripheral nerves 
following axotomy. An injury to the sciatic nerve leads to significant macrophage accumulation 
in the L5 DRG, an effect not seen when the dorsal root is injured. Recent evidence showed that 
macrophage accumulation around axotomized cell bodies is necessary for a peripheral 
conditioning lesion response. In response to an axonal injury, DRG neurons upregulate and 
release CCL2, a macrophage chemokine which acts on the receptor CCR2. In a CCR2 knockout 
mouse (CCR2-/-), CD11b+ macrophage accumulation was inhibited in the distal sciatic nerve 
and in the axotomized DRG after injury. Increased outgrowth was seen in previously lesioned 
DRGs from wild type but not CCR2-/- mice. These data suggest a relationship between 
macrophage accumulation near neuronal cell bodies and the regenerative capacity of neurons as 
well as highlighting the role CCL2/CCR2 signaling plays in mediating macrophage entry into 
DRGs. We asked whether overexpression of CCL2 specifically by DRG neurons of uninjured 



mice is sufficient to cause macrophage entry and enhanced regeneration, or whether other injury-
derived signals are necessary. We found that CCL2 could be significantly overexpressed in DRG 
neurons by utilizing an adeno-associated virus (AAV) encoding for CCL2 driven by the EF1α 
promoter injected intrathecally. The injection led to a time dependent increase in CCL2 
expression and in macrophage accumulation in the L5 DRG compared to controls injected with 
virus expressing YFP. CCL2 overexpression and subsequent macrophage accumulation led to a 
conditioning-like increase in neurite outgrowth of DRG neurons in explant and dissociated 
culture. An AAV-CCL2 injection resulted in increased LIF mRNA in the DRG and increased 
neuronal phospho-STAT3. Blockade of STAT3 activation, through the administration of STAT3 
phosphorylation inhibitors, AG490 or Stattic, reduced or completely ablated, respectively, the 
CCL2 overexpression-induced increase in axonal outgrowth. To demonstrate the necessity of 
macrophage accumulation in stimulating the increased axonal regeneration observed after CCL2 
overexpression, a CSF-1 receptor inhibitor will be employed to prevent macrophage 
accumulation in the DRG. Further studies into the necessity of neuronal expression of CCL2 
after injury are also being carried out using a DRG sensory neuron specific knockout of CCL2. 
Together, these data indicate that neuronal CCL2 expression and macrophage accumulation 
within the DRG are both necessary and sufficient for peripheral axonal regeneration to occur. 
(Supported by DK097223, NS077888, and EY11373) 
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Title: Oncomodulin is not essential for a conditioning lesion effect in mouse dorsal root ganglia 
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Abstract: A conditioning lesion (CL) of the sciatic nerve increases neurite outgrowth measured 
subsequently in explant and dissociated cultures of L4 and L5 dorsal root ganglia (DRGs), 
effects that are dependent on macrophage accumulation in these DRGs (for review see 
DeFrancesco-Lisowitz et al., Neuroscience 302:174, 2015). The molecule secreted by 
macrophages that is responsible for triggering the CL effect has not been identified. 
Oncomodulin has been proposed to account for the beneficial effect of neuroinflammation on 
axonal growth by retinal ganglion cells and to be secreted by macrophages and neutrophils (for 
review see Benowitz et al., Exp Neurol 2016 in press). Oncomodulin is also expressed in DRGs 
after axotomy and is required for the increased outgrowth in cultured neurons produced by 
conditioned medium from macrophage-neuron co-cultures treated with dibutyryl-cAMP (Kwon 
et al., J Neurosci 33:15095, 2013). Since it is unknown whether oncomodulin plays a role in the 
CL effect, we examined this effect in oncomodulin knockout (KO) and wild type (WT) mice 
(Tong et al., J Neurosci 36: 1631, 2016). Seven days after unilateral sciatic nerve transection, L4 
and L5 DRGs were removed. L4 ganglia were dissociated and cultured for 24 h in the absence of 
added growth factors. The neurons were then stained for βIII tubulin and outgrowth determined. 
The length of the longest neurite per neuron was measured as well as the total neurite outgrowth. 
For both measures, a CL increased outgrowth in both KO and WT ganglia, though the effect was 
somewhat smaller in the KO mice. The ratio of the mean length of the longest neurite in neurons 
from axotomized DRGs to that in neurons from sham-operated ganglia was 3.2 for WT tissues 
and 2.5 for KO tissues (p<0.01; all statistics reflect differences between genotypes). The ratio of 
the total neurite outgrowth in axotomized compared to sham-operated neurons was 4.1 for WT 
ganglia and 3.3 for KO ganglia (p<0.05). L5 ganglia were placed in explant cultures in Matrigel, 
and neurite outgrowth was measured at 24 and 48 h under phase microscopy. Again, a CL effect 
was seen in DRGs from both genotypes, but the effect was somewhat smaller in the KO DRGs 
(mean length of 20 longest neurites at 48 h: WT=0.93 mm and KO=0.72 mm; p<0.01). Since 
macrophages also play an important role in Wallerian degeneration, we asked whether 
oncomodulin is involved in myelin clearance but found no significant difference in clearance in 
the distal sciatic nerve between genotypes. In conclusion, our results indicate that oncomodulin 
plays only a small, though significant, role in the CL effect in DRGs. [Supported by grants 
DK097223 (REZ) and K18 DC013304 (DDS)] 
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Abstract: [Introduction] When the peripheral nerve is transected completely, their transected 
nerve ends can meet together to reconnection. However, its mechanism remains unclear. Sonic 
hedgehog (Shh) signaling pathway plays critical roles in axonal guidance (Charron et al. Cell 
2003) in addition to determining the proximal and distal direction during organogenesis. Our 
previous report has demonstrated the peripheral nerve injury induces the expression of Shh and 
its receptor (Patched1) in the distal and proximal neve ends of , respectively (Annual meeting 
Sfn 2015), suggesting a possible involvement of Shh signaling in nerve regeneration. Aim This 
study aims to clarify the expression pattern of Shh signaling pathway during neural regeneration 
in a nerve injury model. [Materials and methods] Male C57BL6 mice (7-8 weeks old) were used 
in this study. Transgenic mice expressing GFP under the control of Gli1 (the transcription factor) 
promoter (Gli1-GFP) were also used to identify which cell type induces Gli1 expression after 
nerve injury. Under an anesthesia, the inferior alveolar nerve (IAN) was exposed and completely 
transected in both kinds of mice. They were sacrificed at 1, 3, 7 and 14 days post-surgery. In 
some mice, cyclopamine, an inhibitor of Shh signaling pathway was local administrated at every 
24 hours for 14 days. This study examined 1) the chronological changes in expression pattern of 
Shh and Patched1 during regeneration of injured IAN by in situ hybridization, 2) compared Gli1 
expression with neuronal and non-neuronal markers molecules by immunohistochemistry, and 3) 
assessed the nerve regeneration process in mice with cyclopamine by immunohistochemistry for 
PGP9.5. [Results] 1) The distal stamp of transected IAN showed the expressions of Shh in 
contrast to Patched1 expression at proximal stump at 1day after surgery. This expression pattern 
reduced at 7days after surgery. 2) We found a co-localization of Gli1-GFP and p75-reactions. 3) 
Sprouting axons neuron from distal and proximal stumps were found in random directions in 
cyclopamine group. [Conclusion] The Shh signaling pathway is involved in reconnection of 
transected axonal ends and regrowth of axon during the early stages of regeneration. 
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Abstract: Muscarinic acetylcholine receptors are a subfamily of G protein-coupled receptor that 
regulate numerous fundamental biological pathways in the central and peripheral nervous 
systems. It has been shown in a non-mammalian system that neurotransmitters such as 
acetylcholine can direct axonal growth during development. Modulation of these cholinergic 
pathways could be therapeutically useful for neurodegenerative diseases such as peripheral 
neuropathy in which sensory nerve terminals are gradually depleted. Recently, we have shown 
that selective or specific muscarinic acetylcholine type 1 receptor (M1R) antagonists can induce 
a dose-dependent elevation in neurite outgrowth. The exact mechanism of M1R-antagonist 
driven neurite outgrowth is not understood. In order to understand the biological function of 
M1R in peripheral neurons, we have overexpressed M1R in primary adult dorsal root ganglion 
(DRG) sensory neurons and studied the physiological as well as molecular effects. Interestingly, 
we have found M1R overexpression caused significant (p<0.005) depletion of functional 
mitochondria at the growth cone and a subsequent decrease in neurite outgrowth (p<0.0001). The 
diminished abundance of mitochondria in axons was associated with discontinuity in the β-
tubulin cytoskeleton structure that, in turn, suppressed mitochondrial trafficking. The tubulin 
associated cytoskeletal defect was corrected by treatment with muscarinic antagonists 
pirenzepine (PZ) and muscarininc toxin 7 (MT7) which mediated recruitment of G proteins and 
increased Ca2+ signaling in the neurites. In accordance with this finding, we observed significant 
increase in neurite outgrowth in rat sensory neurons when treated with 100nM MT7 or 1µM PZ, 
respectively. Our findings suggest a novel mechanism in which modulation of M1R influences 
mitochondrial distribution in nerve terminals and controls axonal growth and regeneration.  
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neurons and glia for neural repair 
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Abstract: Aligned polymer nanofibers made by electrospinning provide powerful topographical 
guidance cues in nerve guidance channels and other tissue engineering applications. Seeding 
these biomimetic scaffolds with transplanted Schwann cells or stem cells seems straightforward, 
but small pores inherent in electrospun fiber scaffolds limit depth of cell penetration to only 1-2 
cell diameters. One potential solution is to construct electrospun fibers scaffolds to include 
polyvalent hydrogel (PVH) fibers in which cells can be encapsulated so that cells can be released 
and contact the polymer fibers for topographic guidance. While recent work has shown that 
endothelial and other cell types can be encapsulated by PVH, cells from the nervous system can 



be much more sensitive to insult in culture and artificial biomaterials. Therefore we sought to test 
the suitability of PVH microfibers with cells from the nervous system. We hypothesized that 
primary neurons would have a more difficult time surviving in PVH than fibroblasts or glia. 
Aligned poly-L-lactide nanofibers were electrospun on to substrates. L929 fibroblasts, primary 
astrocytes, or primary cortical neurons were mixed into a 2.5% alginate solution. PVH fibers 
were constructed by justaposing a large drop of this solution with 2% chitosan in 0.2M acetic 
acid and manually pulling the interface. The PVH fiber was guided on nanofiber substrates 
attached to a rotating mandrel. Substrates were cultured for 30 m, 4 h, 1 d, and 7 d, prior to 
staining with a Calcein-AM viability assay. We found that all cell types survived well outside 
PVH fibers, ranging from 86±0.8% for cortical neurons to 97±0.02% for L929 fibroblasts. In 
PVH fibers, survival of L929 fibroblasts was lowest at 30 m (61±17%) and steadily increased to 
a high of 88±05% at 1 d, and falling slightly to 87±12% at 7 d. Astrocytes viability was 
somewhat less at 47±8% at 30 m but climbing steadily to 74±10% at 7 d. The increase in cell 
number over the 7 d time window of both astrocytes and L929 cells suggests that cell 
proliferation may be occurring inside the hydrogels. Cortical neuron viability was worse, ranging 
from 12±13% at 30 m to a low of 6.3±4% at 4h. These data are consistent with our hypothesis 
that primary neurons, being a very sensitive cell type, would fare poorest. These experiments 
may be the first to encapsulate cells from the CNS into PVH fibers. To encapsulate primary 
neurons at useful survival percentages, PVH fibers will likely require modification by adjusting 
pH or addition of growth factors. Further work will center on studying the release of cells from 
the PVH fibers and attraction to and interaction with the electrospun nanofibers. 
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Abstract: Our recent work has demonstrated that the native motor zone (NMZ) within a given 
skeletal muscle is the best site for muscle reinnervation. This study was designed to investigate 
the efficacy of direct nerve implantation (DNI) into the NMZ of denervated sternomastoid (SM) 
muscle in a rat model. The right SM muscle was experimentally denervated by transecting its 
innervating nerve at its entrance to the muscle (motor point). The proximal stump of the severed 
SM nerve was immediately buried into a small muscle slit made in the NMZ of the target 
muscle. The implanted nerve was then secured with an epineurial suture of 10-0. At the end of 
the 3-month recovery period, all experimental animals underwent postoperative evaluations to 
assess surgical outcomes of the DNI-NMZ procedure. Functional recovery and muscle 
reinnervation were evaluated using electrophysiological and histochemical techniques, 
respectively. Maximum tetanic force was measured from the treated and contralateral control SM 
muscles in each animal. The degree of functional recovery was determined by comparing the 
muscle force of the reinnervated SM muscle with that of the contralateral control muscle. 
Averaged maximal muscle force at the operated side was 0.763 N, whereas 1.200 N at the 
contralateral control side. The DNI-NMZ reinnervated SM muscles produced 63.6% of the 
maximal tetanic force of the control muscles. The difference was statistically significant (p = 
0.0013). Muscle analyses showed that the treated SM muscle recovered morphologically and 
histologically as indicated by a good preservation of muscle mass and abundant regenerated 
axons. Specifically, DNI-NMZ reinnervated SM muscles weighed 71% of the weight of 
contralateral control muscles. The treated muscles exhibited slight-to-moderate fiber atrophy as 
compared with the controls. Quantitative analysis showed that the mean number and area of the 
regenerated axons in the treated muscles was 62% and 51% of the contralateral controls, 
respectively. The findings from this study suggest that DNI-NMZ holds promise in the treatment 
of muscle paralysis. For optimal outcome, further studies are needed to promote the efficacy of 
this technique by further refining surgical procedure and using additional approaches to 
accelerate axonal regeneration. 
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Title: Phosphoproteomics identifies a phosphorylation site of GAP-43 in the peripheral nerve 
regeneration 
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Abstract: Growth-associated protein 43 (GAP-43) is believed as a classical molecular marker 
for axon growth/regeneration, since this protein is known to be high expressed and intensively 
undergoes anterograde transport in the regenerating axon after injury. In our previous study, 
phosphoproteomic analysis using neonatal rat brains revealed several novel phosphorylation sites 
of GAP-43. We then successfully generated specific antibody (pGAP-43 Ab) against one of 
those sites (Kawasaki, Okada, Igarashi et al., submitted). 
To test whether this phosphorylation is induced in the axon regeneration, we tried both the 
immunohistochemistry and the phosphoproteomics using the sciatic nerve injury of adult 
C57B6N mice (9-weeks-old or later). The crushed nerves (day 3 after injury) and the uninjured 
control nerves were assessed by western blotting and immunohistochemistry using pGAP-43 Ab. 
For quantitative evaluation of regeneration, we used the confocal micrographs along the 
longitudinal nerve section and calculated “Regeneration Index”, which is defined by the distance 
between the crush site (point A) and the site at which the intensity level of pGAP-43 Ab is half 
of that at point A (Shin J.E. et al. Neuron 74(2012)). Immunohistochemistry revealed the very 
low staining of pGAP-43 Ab in the control nerve. Regeneration Index with the pGAP-43 Ab 
labeling could be used to measure the extent of Axon regeneration. The signal intensity of bands 
of pGAP-43 Ab on western blotting was detected higher in the the crushed nerve than that in the 
control nerve. For mass spectrometric analysis, the protein extracts prepared from the defined 
portions of either single crushed or uninjured sciatic nerves, underwent phosphoproteomics 
directly by LC-MS/MS. As results, we succeeded in unambiguously detecting GAP-43-derived 
peptides containing this phosphorylated site exclusively in the regenerating axon. Taken 
together, we concluded that this site is the major phosphorylation residue of GAP-43 in the 
regenerating axon, and the pGAP-43 Ab which quantitatively detected the phosphorylation of 
GAP-43 could be a novel probe for the axonal regeneration in vivo. 
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Abstract: Neural regeneration and functional recovery of the paralyzed skeletal muscle caused 
by peripheral nerve injuries are major challenges in rehabilitation medicine. This study was 
designed to modify our recently developed nerve-muscle-endplate band grafting (NMEG) for 
promoting the efficacy of this muscle reinnervation technique in a rat model. The right 
sternomastoid (SM) muscle was denervated by resecting a 5-mm segment of its innervating 
nerve and immediately reinnervated with NMEG. Specifically, a NMEG pedicle was harvested 
from the native motor zone (NMZ) of the right sternohyoid (SH) muscle and implanted into the 
NMZ of the ipsilateral experimentally denervated SM muscle. A NMEG contained a muscle 
block (6 x 6 x 3 mm), a nerve branch with nerve terminals, and a motor endplate band with 
numerous neuromuscular junctions. A muscular defect (recipient bed) with the same dimensions 
as the NMEG pedicle was made in the NMZ of the right denervated SM muscle. The well-
prepared NMEG was embedded in the SM muscle defect and sutured with four to six 10-0 nylon 
microsutures. Three months after surgery, maximum tetanic force was measured from both SM 
muscles in each rat. The removed SM muscles were immunostained to detect regenerated axons 
and reinnervated and non-reinnervated motor endplates. The axon density was assessed using 
ImageJ software. Muscle force measurement demonstrated that NMEG-NMZ technique resulted 
in more optimal force recovery (82% of the control) as compared with the original NMEG 
procedure (67% of the control), in which the NMEG pedicle was implanted into the caudal 
endplate-free area of the target muscle. The mean muscle weight of the NME-NMZ reinnervated 
muscles was 89% of the contralateral control muscles. The mean count and area of the 
regenerated axons in the treated muscles were 76.8% and 75.6% of the contralateral controls, 
respectively. Double fluorescence staining showed that the regenerated axons from the implanted 
NMEG grew across the NMZ to innervate the denervated motor endplates in the target muscle. 
The majority (80%) of the denervated motor endplates in the target muscle regained motor 
innervation. Axonal sprouts and newly formed small endplates were also identified in the 
reinnervated muscles. Our results suggest that the NMZ of the target muscle is the best site for 



NMEG implantation to obtain optimal axon-endplate connections and functional recovery and 
that NMEG-NMZ technique may become a viable means of muscle reinnervation in certain 
clinical situations. 
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Abstract: A broadly known method to stimulate the growth potential of axons is to elevate 
intracellular levels of cAMP, however the cellular pathway(s) that mediate this are not known. 
Here we identify the Dual Leucine-zipper Kinase (DLK, Wnd in Drosophila) as a critical target 
and effector of cAMP in injured axons. DLK/Wnd is thought to function as an injury ‘sensor’, as 
it becomes activated after axonal damage. Our findings in both Drosophila and mammalian 
neurons indicate that the cAMP effector kinase PKA is a conserved and direct upstream activator 
of Wnd/DLK. PKA is required for the induction of Wnd signaling in injured axons, and DLK is 
essential for the regenerative effects of cAMP in mammalian DRG neurons. PKA stimulates 
DLK by directly phosphorylating its activation loop and this regulation is independent of 
downstream JNK signaling. These findings link two important mediators of responses to axonal 
injury, DLK/Wnd with cAMP/PKA, into a unified and evolutionarily conserved molecular 
pathway for stimulating the regenerative potential of injured axons. Previous studies have 
implicated a role for DLK/Wnd is regulating the structure and arborization of presynaptic 
terminals. The addition of cAMP and PKA into this regulatory pathway suggests a mechanism 
that may be widely utilized to orchestrate structural changes at synapses. 
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Abstract: Preferential motor reinnervation (PMR) is the tendency for motor axons regenerating 
in mixed nerve to reinnervate muscle nerve and/or muscle. We have shown previously that PMR 
is enhanced when afferent axons are eliminated from the regenerate (Redett et al., 2005). We 
now use our organotypic model of nerve repair in vitro (Vyas et al., 2010) to explore interactions 
of regenerating sensory and motor axons that may underlie these findings. 
Spinal cord slices in which motoneurons express YFP (thy1-YFP-H) and DRG explants from 
mice expressing RFP (ROSA mT/mG) were used to populate cultured segments of mouse 
femoral nerve with fluorescent axons. Nerves contained either green motor axons alone (motor 
group [M]; n=7) or both green motor and red sensory axons (sensory-motor group [SM]; n=6). 
These nerves were then transected and their axons grown out on unstructured collagen/laminin 
mats. After 5 days, axons were counted at each 0.25 mm increment from the nerve end. In the 
SM group we also quantified the length of each motor axon that was in direct contact with a 
sensory axon. 
Significantly fewer motor axons regenerated to each distance interval from 0.25mm to 1.0 mm 
when these axons were accompanied by sensory axons (SM) than when they regenerated alone 
(M). Mean axon counts were: 0.25mm, SM=27, M=77, p=0.0; at 0.5mm, SM=10, M=70, p=0.0; 
at 0.75mm, SM=4, M=51, p=0.0002; at 1mm, SM=1, M=29, p=0.0016. To compare sensory and 
motor axon outgrowth within the SM group, counts were converted to percentages using the 
counts at 0.25 mm as 100%. The percentage of axons counted at 0.25mm that reached the 0.50, 
0.75, and 1.0 mm levels was significantly higher for sensory axons (s) than for motor axons (m). 
At 0.5mm, s=84%, m=34%, p=0.0042; at 0.75mm: s=71%, m=12%, p=0.0012; at 1mm: s=43%, 



m=2%, p=0.0005. Quantification of sensory and motor axon contact revealed that a mean of 81% 
of total motor axon length was in direct contact with sensory axons. These experiments quantify, 
for the first time, the interaction of two distinct populations of regenerating axon. They reveal 
that sensory axons extend more rapidly than motor axons, and thus precede them during the early 
stages of regeneration. Furthermore, motor axons adhere to sensory axons throughout most of 
their length. As a result of this previously unappreciated interaction, sensory axons inhibit motor 
axon growth. These findings suggest that defining and blocking the negative effects of sensory 
axons on their motor partners could enhance PMR. 
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Abstract: Most organisms have the ability to regenerate certain body parts. However, some 
vertebrates have a particularly extensive regenerative capacity. For example, some amphibian 
limbs and teleost fins can be regrown when lost, and both of these processes are well 
characterized. In both cases regeneration has been found to be dependent on the presence of 
nerves; once denervated, a limb loses its ability to regenerate following an amputation. In 
salamanders this dependence may be due to the release of anterior gradient proteins (nAg, in 
salamanders) by Schwann cells. While zebrafish (Danio rerio) tail regeneration is phenotypically 
well characterized, the molecular basis of the neural dependence of regeneration has not been 
adequately explored. The purpose of this study was to compare methods of denervation of the 
zebrafish caudal fin to assess the role of molecular factors that might play a role in fin 
regeneration. We explored agr2 (a nAg orthologue), myelin basic protein and vascular 
endothelial growth factor expression in caudal fins that were denervated either manually or by 



exposure to metronidazole or the ErbB (and Schwann cell) inhibitor AG-1478, and then 
amputated in 3-6 month old Nacre zebrafish. Denervation was verified by comparing anti-
acetylated tubulin antibody labeling of caudal fin axons from treated and control fish. We found 
that the expression of agr2 was upregulated in the caudal fin during regeneration in 
metronidazole treated fish, although not specifically in the blastema. Additionally, while 
mechanical denervations did not consistently remove neural input, exposure of fish to 5 mM 
metronidazole reduced axon density. Unexpectedly, metronidazole enhanced regeneration, 
suggesting that it changes expression of regenerative factors that are independent of neural input. 
These findings provide additional information on the identity of molecular factors involved in 
neural (or Schwann cell) dependence of fin regeneration. Conserved or contrasting pathways 
between regeneration of amphibian limbs and teleost fins may highlight why most vertebrates 
have such a limited ability to regenerate. 
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Abstract: Aims 
Octopus vulgaris, an invertebrate, is known since antiquities for remarkable regenerative abilities 
of body parts and tissues including arms and nervous tissue. A striking example of regeneration 
in this species is given by the pallial nerve, which is involved in the control of mantle muscle 
contraction facilitating breathing and of body patterning. After complete transection of this 
nerve, full recover of functions is observed and nerve regeneration achieved in relatively short 
time. Here we provide the first description of the biological machinery involved in the pallial 
nerve regeneration in the octopus, including the involvement of cellular types helping the process 



and epigenetics regulation. 
Methods and Results 
Octopus pallial nerve (right side) is exposed and transected while the contralateral nerve served 
as control. After surgery, animals are recovered and behavior observed for 3, 7 and 14 days 
before humane-killing. Nerve samples are analyzed for gene and protein expression by qRT-PCR 
and immunohistochemistry. 
After injury scar tissue forms between the two stumps of the injured nerve. Hemocytes 
contribute to the formation of the scar and remain highly proliferative during the whole process. 
The scar does not represent an inhibitory environment to regrowth, and fibers of the proximal 
stump start regenerating across it and toward the distal stump maintaining a disorganized 
orientation. Two weeks after injury a spike-like protrusion appears in this stump with connective 
tissue enwrapping the new forming axons. Degeneration is observed at the level of the distal 
stump. However, fourteen days post-surgery fibers organized in bundles are found in advanced 
regeneration. 
Dedifferentiation of the connective tissue cells of the nerve is also observed in both stumps, 
particularly 7 days post lesion. Marked up-regulation in the expression of ‘factors’ controlling 
epigenetic modifications, such as Polycomb group proteins and DNA methyltransferases, is also 
observed. 
Conclusions 
Active role of octopus hemocytes in the pallial nerve regeneration is found such as in scar tissue 
formation, debris removal and axonal regrowth. In addition, cells of the connective tissue drive 
nerve fibers regeneration facilitating their correct orientation; these also appear to dedifferentiate 
to a neural progenitor/stem cell state during the process. 
Epigenetic factors have been identified for the first time in the O. vulgaris and up-regulation of 
their expression has been highlighted during the regenerative process compared to control 
nerves. 
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Title: Involvement of Na+/K+-ATPase in peripheral nerve regeneration via lactate signaling in 
sciatic nerve transection-regeneration model 
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Abstract: Peripheral nerve is not always regenerated fully after injury. Incomplete regeneration 
causes functional loss and persistent pain. To prevent these consequences, elucidation of 
mechanisms for nerve regeneration is crucial. We previously established a sciatic nerve 
transection-regeneration model and demonstrated that functional recovery was delayed in mice 
lacking Nax, a Na+ concentration-sensitive Na+ channel. Endothelin receptor type B functionally 
coupled with Nax and increased sodium influx to Schwann cells, which in return enhanced 
lactate release. The released lactate was then uptaken to axons to accelerate nerve regeneration 
(Unezaki et al., Eur. J. Neurosci. 39:720-729, 2014). Nax is known to interact with Na+/K+-
ATPase leading to lactate production in the brain. In this work, we investigated the role of 
Na+/K+-ATPase in peripheral nerve regeneration in our model and applied ouabain, a Na+/K+-
ATPase inhibitor, to the cutting site of the sciatic nerve for 4 weeks with an osmotic mini-pump. 
While functional recovery started at the 5th week after nerve transection and completed by the 7th 
week, ouabain delayed the functional recovery by 1 week as compared to the vehicle control. 
Lactate reversed the inhibitory effect of ouabain and a monocarboxylate transporter (MCT) 
inhibitor, significantly delayed functional recovery. Using primary DRG cell culture, we tested 
the effect of ouabain, lactate, and MCT inhibitor on neurite outgrowth enhanced by nerve growth 
factor (NGF). NGF accelerated neurite outgrowth by 1.9 times as compared with the vehicle, but 
ouabain reversed the stimulatory effect of NGF in a concentration-dependent manner. Lactate 
itself also increased neurite outgrowth 2 times as compared to the control, but inhibition of 
lactate transport by MCT 4 inhibitor suppressed neurite outgrowth. Collectively, Na+/K+-ATPase 
has a role in peripheral nerve regeneration via lactate signaling. 

Disclosures:  N.H. Tu: None. S. Ito: None. M. Shinji: None. K. Tayo: None. P. Minh Vuong: 
None. 

Poster 

676. Cytoskeletal Mechanisms Underlying Axon Outgrowth and Guidance 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 676.01/C5 

Topic: A.05. Axon and Dendrite Development 

Support: NIH Grant NS078030 



Title: Nerve growth factor induces mitochondrial fission which is required for axon branching 
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Abstract: Nerve Growth Factor (NGF) induces branching through activation of 
phosphoinositide 3-kinase (PI3K). Recently, mitochondria have emerged as major determinants 
of the sites of axon branching. NGF treatment decreased the length and increased the number of 
axonal mitochondria labeled with mitotracker green after 15 min of acute treatment, indicative of 
fission. Consistently, live imaging of mitochondria following 5 minutes of NGF treatment 
revealed mitochondria fission. Direct activation of PI3K using a cell permeable peptide in the 
absence of NGF copied the effects of NGF. Conversely, inhibition of PI3K using LY294002 
blocked the effects of NGF on mitochondria. Pharmacological and peptide-mediated inhibition 
of dynamin related protein 1 (Drp1), a required component of mitochondria fission, blocked 
NGF induced axon branching. Live imaging of axons in the presence of NGF revealed that 
EYFP-Drp1 accumulated at sites of mitochondria fission and endogenous Drp1 was detected in 
axons through immunocytochemistry. NGF promoted phosphorylation of Drp1 at the activating 
site S616 trough ERK activation independently of the PI3K pathway. Additionally, inhibition of 
ERK signaling blocked the effect of NGF in mitochondria fission and Drp1 accumulation along 
the mitochondria. Inhibition of actin polymerization using Latrunculin-A also blocked the effect 
of NGF in mitochondria fission and Drp1 accumulation. Furthermore, live imaging of axons 
indicates that actin patches strongly co-localize with sites of mitochondria fission. Finally, we 
found that Brain-derived neurotrophic factor and Neurotrophin-3 also decrease the length and 
increase the number of mitochondria. Collectively, these observations indicate that NGF 
mediates phosphorylation of Drp1 through ERK signaling, and drives mitochondria fission 
through the activation of both the ERK and PI3K pathways. As PI3K signaling is not involved in 
Drp1 phosphorylation, PI3K might contribute to fission through regulation of the actin 
cytoskeleton independently of changes in Drp1 activity. 
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Title: Chondroitin sulfate proteoglycans inhibit axon branching by impairing the mitochondria-
dependent local regulation of actin cytoskeletal dynamics and axonal protein synthesis 

Authors: *R. SAINATH, A. KETSCHEK, L. GRANDI, G. GALLO;  
Shriners Hosp. Pediatric Res. Ctr., Temple Univ., Philadelphia, PA 

Abstract: Chondroitin sulfate proteoglycans (CSPGs) are extracellular matrix components that 
regulate aspects of axon development and regeneration. CSPGs inhibit the formation of axon 
collateral branches. Branching requires the regulation of the axonal cytoskeleton and 
mitochondria are important components of this mechanism of branching. Here we report that 
CSPGs depolarize the membrane potential of axonal mitochondria, which impairs the dynamics 
of the axonal actin cytoskeleton (e.g., axonal actin patches) and decreases the formation and 
duration of axonal filopodia, the first step in the mechanism of branching. The effects of CSPGs 
on actin cytoskeletal dynamics are specific to axon segments populated by mitochondria. In 
contrast, CSPGs do not affect the microtubule content of axons, or the localization of 
microtubules into axonal filopodia, a required step in the mechanism of branch formation. We 
also report that CSPGs decrease the mitochondria-dependent axonal translation of cortactin, an 
actin associated protein involved in branching. Finally, the inhibitory effects of CSPGs on axon 
branching, actin cytoskeletal dynamics and the axonal translation of cortactin were reversed by 
culturing neurons with acetyl-L-carnitine, which promotes mitochondrial respiration. 
Collectively these data indicate that CSPGs impair mitochondrial function in embryonic sensory 
axons, an effect which contributes to the inhibition of axon branching. 
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Title: αII-spectrin-dependent cytoskeletons are essential for axon function, domain assembly and 
integrity 
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Abstract: Spectrins are a family of cytoskeletal proteins that provide structural support of the 
cell membrane, link membrane-associated proteins to actin and serve as platforms for cell 
signaling. Spectrins consist of α and β subunits, forming heterotetramers to function as a 
complex. Among the spectrins, αII-spectrin is the only α-spectrin expressed in the nervous 
system. αII-spectrin is also implicated in a variety of neurological disorders. Recently, we found 
that αII-spectrin forms a periodic cytoskeleton and interacts with βIV-spectrin at axon initial 
segments (AIS) and nodes of Ranvier. To investigate the functions of αII-spectrin-dependent 
cytoskeletons, we generated conditional knockout (cko) mice. Loss of αII-spectrin in the central 
nervous system (CNS) causes profound neurological phenotypes including seizures, aberrant 
cortical lamination, AIS fragmentation, massive neurodegeneration and perinatal lethality. To 
more specifically interrogate spectrin functions in axons, we generated peripheral sensory neuron 
specific αII-spectrin cko mice using advillin-cre. We found that large diameter axons 
preferentially degenerate. By immunostaining, the injury marker ATF3 is observed in dorsal root 
ganglia (DRG) neurons in cko mice beginning at P10 and increasing with age. Consistent with 
EM results, ATF3+ neurons are mostly large diameter neurons. The preferential degeneration of 
large diameter neurons caused ataxia due to deficits in proprioception, while nociception remains 
unaffected. Mutant mice have fewer nodes of Ranvier and sodium channel intensity at nodes is 
significantly decreased. Paranodal junctions are extensively disrupted. Axon degeneration and 
disrupted nodes of Ranvier caused decreased nerve conduction velocity in cko mice. Thus, 
neuronal αII-spectrin is crucial for proper axon function, node of Ranvier assembly and axon 
integrity. Support: This reseach is funded by NIH grant NS044916, NS069688 and the Adelson 
medical research foundation. 
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Abstract: The Rho guanine triphosphatase (GTPase) are highly characterized and GTPase 
proteins that act as molecular switches operating between an active GTP-bound state and an 
inactive GDP-bound state. These proteins play a pivotal role in neuronal differentiation and 
affect neurite outgrowth, axonal guidance, cell migration, cytokinesis and endocytosis. RhoA 
promotes assembly of focal adhesion complexes and formation of stress fibers. RhoA regulates 
the organization of actin cytoskeleton and several other cellular functions in response to the 
extracellular signals. On the other hand, Rac1 stimulates assembly of multimolecular focal 
complexes at plasma membrane, induces the peripheral actin accumulations, regulates membrane 
protrusions, membrane ruffling and formation of lamellipodia and filopodia. The interaction 
between RhoA and Rac1 is not well explored, though they are thought to be antagonist to each 
other. Both require prenylation for membrane localization, though active forms of both have 
been found in other cellular compartments (GTP-bound Rac1 in the cytosol and GTP-RhoA 
primarily in the cytosol and nucleus). We designed non-prenylatable Rac1 and RhoA constructs 
to test how inhibiting prenylation affects signaling cascades involved in neurite outgrowth. 
Western blot analysis after transfection with the wild-type RhoA decreased cofilin in the cytosol 
compared to that associated with membranes. ERK and JNK phosphorylation was increased in 
cytosol when cells were transfected with non-prenylatable RhoA or Rac1. We have found 
transfection of these constructs in rat cortical neurons increase neurite outgrowth (for non-
prenylatable RhoA) and neurite formation (for non-prenylatable Rac1). Both retained the ability 
to be made active independent of membrane targeting by prenylation. With emerging evidence of 
differential activation of these Rho GTPases based on their subcellular localization, elucidating 
the signaling cascades of the active GTPases may identify the distinct functions of these 
GTPases in the cytosol and can be used as novel targets to facilitate axon regeneration in 
traumatic or degenerative neurological conditions. This research was supported by the TWU 
Department of Biology and grants from the TWU Research Enhancement Program. 
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Title: RacGAP α-chimaerin is required to establish spinal midline barrier for proper 
corticospinal projection 
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Abstract: In the developing central nervous system, "midline barrier (MB)", which consists of 
radial glia and their processes expressing repulsive guidance molecules, plays a pivotal role for 
midline axon guidance. However, mechanisms for MB formation have remained obscure. We 
here describe that Rac-specific GTPase activating protein (RacGAP) α-chimaerin, which we and 
others previously identified as a key downstream effector of EphA4 forward signaling, is 
required for MB establishment. We generated spinal cord-specific α-chimaerin knockout mice 
and found that these mice had numerous “cracks” in dorsal spinal cord MB, which expresses 
ephrinB3 to prevent EphA4(+) axons from midline crossing. Through these cracks, corticospinal 
axons expressing EphA4 aberrantly crossed the midline. During embryonic development of 
normal mice, EphA4(+) cells are localized in the vicinity of, but not within, the spinal cord 
midline. In contrast, in α-chimaerin knockout mice, extensive midline accumulation of spinal 
EphA4(+) cells was observed, and MB cracks emerged around these cells. We found similar 
phenotypes in EphA4-deficient mice. Our results suggest that spinal cord α-chimaerin repeals 
juxta-midline EphA4(+) cells from ephrinB3(+) MB in the spinal cord and plays a critical role 



for establishing intact spinal MB. Here we shed light on an MB establishment mechanism, in 
which ephrinB3-EphA4-α-chimaerin signaling-mediated cell repulsion could be involved. 
(Refs) 1. Iwasato, T.et al. Cell 130, 742-753. (2007). 
2. Borgius, L., Nishimaru, H. et al., J. Neurosci. 34, 3841-3853. (2014). 
3. Iwata, R.et al., Cell Rep. 8, 1257-1264. (2014). 
4. Iwata, R. et al., J. Nerurosci. 35, 13728-44. (2015). 
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Abstract: In the developing nervous system, select mRNAs are transported to and locally 
translated within growth cones. Formation of appropriate connectivity in the developing nervous 
system is dependent on local translation within axonal growth cones, but the specific locations 
and molecular mechanisms underlying this process are not well understood. We have previously 
shown that local translation of β-actin mRNA within growth cones is necessary for appropriate 
axon guidance and is dependent on receptor for activated C kinase (RACK1). RACK1 is a multi-
functional ribosomal scaffolding protein that can interact with a number of signaling molecules 
concurrently through its 7WD repeats. In response to stimulation with brain-derived neurotrophic 
factor (BDNF), phosphorylation of RACK1 facilitates the local translation of β-actin mRNA. We 
recently found that RACK1 is localized to point contacts, suggesting that local translation may 
be regulated at point contacts, adhesion sites important for axonal pathfinding. Thus, here we 
investigate whether local translation occurs at point contacts and examine the role of RACK1 in 
the regulation of point contact dynamics. First, we examined the location of components of the 
local translation complex relative to point contacts under both basal and growth factor stimulated 
conditions in cortical neurons of embryonic day 17 C57BL/6J mice. Indeed, both β-actin mRNA 
and RACK1 colocalize with point contacts, and this colocalization increases following BDNF 
stimulation. This suggests that local translation is regulated at point contacts. Additionally, 
RACK1 is necessary for point contact formation, and the density of point contacts within growth 
cones increases following BDNF stimulation in a RACK1 dependent manner. Phosphorylation of 



RACK1 is also required for the BDNF-induced increase in point contact density. Furthermore, 
live cell experiments using total internal reflection fluorescence (TIRF) microscopy demonstrate 
a role for RACK1 in the regulation of point contact dynamics. Finally, we demonstrate that 
RACK1 is vital for functional aspects of neuronal development. Axonal growth and growth cone 
spreading require both RACK1 expression and phosphorylation. Taken together, these data 
suggest that point contacts are a targeted site of local translation within growth cones, and that 
RACK1 is critical to the formation of point contacts, the local translation process, and 
appropriate neuronal development. These data provide further insight into how and where local 
translation is regulated within growth cones, and thereby leads to appropriate connectivity 
formation in the developing nervous system. 
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Abstract: During development, axonal navigation through the intricate architecture of the brain 
depends on the proper presentation and positioning of guidance receptors, which allow for the 
correct reading of external clues. Receptors for axonal growth and guidance are shifted to axons 
and localized in growth cones, where they are activated by attractive or repulsive guidance cues 
resulting in axonal pathfinding decisions. However, little is known about the crucial mechanisms 
controlling the proper trafficking of these receptors involved in neural circuits wiring. The 
endocannabinoid (eCB) system has been identified as an important regulator of axonal outgrowth 
and pathfinding. eCBs mediate the motility and directional turning of axons by activating type 1 
cannabinoid receptor (CB1R) in the axonal growth cone. Although cargo delivery mediated by 
molecular motors is essential in developing neurons, the mechanism underlying the directional 
axonal transport of CB1R remains basically unknown. To test the hypothesis that CB1R delivery 
to the growth cone depends on kinesin-1 mediated axonal transport, we used mice lacking the 



kinesin light chain 1 (klc1) subunit of the anterograde motor kinesin-1. We performed L1-
NCAM staining and axon-tracing experiments in developing klc1-/- brains and found pathfinding 
defects in corticothalamic and thalamocortical axonal tracts, which resemble those in CB1R 
knockout mice. Using live imaging of fluorescent CB1R tagged vesicles in wildtype and klc1-/- 
neurons, we revealed the dependency of Kinesin-1 in CB1R transport towards the axonal growth 
cone. Next, to assess the role of kinesin-1 on CB1R-mediated axonal development, primary 
cortical cultures of wildtype and klc1-/- neurons were treated with pharmacologic modulators of 
the CB1R (WIN55-212,22, ACEA and AM251). We demonstrated that kinesin-1 is required for 
the correct axonal growth cone remodeling and outgrowth-induced by CB1R agonist and 
antagonist. Altogether, our results suggest that kinesin-1-mediated axonal transport of CB1R is 
required for a normal eCB signaling and is also required for proper axonal pathfinding. 
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Title: DCLK1 phosphorylates the microtubule-associated protein MAP7D1 to promote axon 
elongation in cortical neurons 

Authors: *H. KOIZUMI1, K. TOGASHI1, J. GLEESON2,3, K. EMOTO1;  
1Dept. of Biol. Sci., The Univ. of Tokyo, Tokyo, Japan; 2Lab. of Pediatric Brain Dis., The 
Rockefeller Univ., New York, NY; 3Howard Hughes Med. Inst., New York, NY 

Abstract: Doublecortin-like kinase 1 (DCLK1) is a neuronal serine-threonine protein kinase that 
is a closely related family protein of Doublecortin (DCX) originally identified as a causative 
gene product of human cortical malformation. DCLK1 contains the microtubule-binding domain 
at N-terminus that has 75% amino acid identity to DCX and the protein kinase domain at C-
terminus. In mice, targeted disruption of both Dclk1 and Dcx results in severe defects in cortical 



lamination and the formation of axonal projections. Thus DCLK1 functions together with DCX 
in multiple stages of neural circuit formation including neuronal migration and axon growth. 
DCLK1 is suggested to play these roles in part through its kinase activity, yet the kinase 
substrates of DCLK1 remain largely unknown. Here we have identified mouse MAP7D1 
(microtubule-associated protein 7 domain containing 1) as a novel substrate of DCLK1. miRNA-
mediated knockdown of MAP7D1 in cortical layer 2/3 pyramidal cells resulted in impaired 
callosal axon elongation. We have further identified MAP7D1 serine 315 (Ser 315) as a DCLK1-
induced phosphorylation site, and the expression of a phosphomimetic mutant of MAP7D1 fully 
rescues the impaired callosal axon elongation caused by Dclk1 knockdown. These data suggest 
that DCLK1 phosphorylates MAP7D1 on Ser 315 to facilitate axon elongation of cortical 
neurons. 
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Abstract: We propose that dynein-driven forces manifest in different ways at different stages of 
neuronal life, depending on the capacity of the MTs to slide. MT sliding is limited by the 
attachment of MTs to the centrosome, as well as their length, with longer MTs being less able to 
slide. In migratory neurons, it has long been believed that all functionally relevant MTs are 
attached to the centrosome, which would render them unable to slide relative to one another. 
However, we were able to document a limited amount of MT sliding in the leading process of 
cultured cerebellar migratory neurons, with treatment with a drug that inhibits MT sliding 
resulting in an impairment of the trajectory of migration. By knocking down in cultured rat 
cerebellar granule neurons the expression of ninein, a centrosomal protein responsible for 



anchoring MTs to the centrosome, we increased the number of centrosome-unattached MTs and 
observed an increase in MT sliding. Concomitantly, migration was severely compromised and 
the leading process became longer, reminiscent of the phenotype of an axon-bearing post-
migratory neuron. Next, we pursued the idea that in a bona fide axon where MTs appear in a 
variety of lengths that dynein-based forces are repurposed to establish and preserve the nearly 
uniform plus-end-out polarity pattern of the MT array. Exposure of cultured rat sympathetic 
neurons to the Ciliobrevin D, a small molecule dynein inhibitor, for various windows of time 
resulted in a dose-dependent appearance of greater numbers of minus-end-distal MTs in the 
axon. In addition, MT transport events were reduced in frequency in both the anterograde and 
retrograde directions. The MT movements that did occur in the presence of the drug showed an 
increase in abrupt pausing of movements and directional changes in the movements, as well as 
abnormal transport rates. These effects are consistent with a mechanism whereby dynein-based 
forces propel MTs with plus-end-out anterogradely down the axon, while clearing MTs with 
minus-end-out back to the cell body. These two sets of data, on neurons of different stages of 
development, demonstrate how dynein-driven forces on MTs can be repurposed to orchestrate 
different neuronal phenotypes. 
2234/2300 
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Abstract: The actin related protein (Arp) 2/3 complex is a seven subunit complex that is 
required for the nucleation of branched actin filaments for the development of neurons. Within a 
cell, several proteins tightly regulate the activity of this complex but how these proteins 



modulate the activity of the Arp 2/3 complex is still unclear on a structural basis. Structural 
modeling identified several mutations that are important in maintaining the active structure of the 
Arp 2/3 complex. We constructed these mutant and are using them as tools to decipher the 
structure-based functional relationships governing Arp 2/3 mediated nucleation of actin. The 
current work involves understanding the effect of different regulators (rac1 inhibitor, arp 2/3 
complex inhibitor, and profilin) on actin polymerization activity of constitutively active Arp3 
mutant in neuroblastoma cells. The results from this study will help in understanding the 
structural regulation of Arp3 protein in the development of neurons and, hence, in the 
regeneration of the neuronal network at the site of spinal cord injury. 
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Title: Axonal mRNA dynamics in live hippocampal neurons 
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Abstract: Localization of mRNA and protein synthesis is critical for axonal guidance and 
regeneration. Yet it is not clearly understood how mRNA localization is regulated in axons. 
Using a transgenic mouse that expresses fluorescently labeled beta-actin mRNA (Park, Lim et al. 
2014) , we investigated the dynamics of endogenous beta-actin mRNA in axons. By culturing 
hippocampal neurons in a microfluidic device which allows separation of axons from cell bodies, 
it is possible to track β-actin mRNA motions in live axons. We observed high-frequency random 
oscillating movements of β-actin mRNA, which were clearly different from the movements in 
the dendrites. In addition, we found several mRNAs localized at axonal varicosities where 
synapses typically occur. We modeled mRNA dynamics in axons using a theoretical random 
walk model, Orstein-Uhlenbeck process that has a specific destination. This study suggests a 



biophysical mechanism of mRNA transport and localization in axons, which will have important 
implications for axon regeneration. 
Park, H. Y., H. Lim, Y. J. Yoon, A. Follenzi, C. Nwokafor, M. Lopez-Jones, X. H. Meng and R. 
H. Singer (2014). "Visualization of Dynamics of Single Endogenous mRNA Labeled in Live 
Mouse." Science 343(6169): 422-424. 
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Abstract: Characteristic neuronal changes occur following Traumatic Brain Injury (TBI) 
including axonal injury which is comprised of axonal swelling, degeneration and the loss of 
synapses, alterations in dendrites (reduction in dendritic spine density) and ultimately neuronal 
cell death. We speculate that changes in transport rate and deterministic axonal growth are 
altered following mechanical injury induced cell trauma. Advances in quantitative phase imaging 
(QPI) techniques allow unlabeled live biological specimens to be imaged with sub-nanometer 
sensitivity and diffraction limited resolution. The recently developed technique called Spatial 
Light Interference Microscopy (SLIM) has been useful in discovering the emergent behavior in 
human neuronal networks and the intercellular dynamics and SLIM has proven its potential to be 
used in neuroscience [Z. Wang et al., Opt. Exp., 19, 1016 (2011) & M. Mir et al., Sci. Rep., 4, 
4414 (2014)]. This technique, which allows for a wide-field imaging of live neuronal activities, 
therefore, can be used for a measurement of dynamic structural changes over long time scales. 
We use this imaging technique to measure changes in axon growth cone dynamics (sprouting and 
extension), neuronal extension transport rates, deterministic motility and we provide 3D cellular 
topography maps at high-resolution, in live cortical neurons over time, following mechanical cell 
trauma induced by a fluid percussion injury device. 
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Title: Mechanistic study of neurite outgrowth stimulated by the amyloid precursor protein 
interactor FE65 

Authors: *W. LI, H. CHEUNG, K.-F. LAU;  
Sch. of Life Sci., The Chinese Univ. of Hong Kong, Hong Kong, Hong Kong 

Abstract: Alzheimer’s disease is a devastating neurodegenerative disorder that affecting 
millions of people worldwide. Severe neurite degeneration is observed in Alzheimer’s disease 
which is suggested to be associated with cognitive decline in the disease. FE65 is a brain-
enriched multi-domain adaptor protein which is shown to interact with the Alzheimer’s disease 
amyloid precursor protein (APP) and to alter APP metabolism. Moreover, recent evidence 
reveals that FE65 is also involved in other neurophysiological processes including neurite 
development. However, the mechanism(s) by which FE65 stimulates neurite outgrowth is still 
largely unknown. As an adaptor protein, FE65 functions in recruiting various interactors to form 
biological complexes. Hence, identification of the full complement of FE65 interacting proteins 
is an important step for improving our understanding of FE65 in various processes including 
neurite development. In this project, we have identified several small GTPases interact with 
FE65 including ARF6 and Rac1 and their corresponding regulators. ARF6-Rac1 signaling has 
been implicated in neurite outgrowth via regulation of cytoskeleton remodeling. In fact, FE65 
stimulates neurite outgrowth in primary neurons via activation of ARF6 and its downstream 
GTPase Rac1. Additionally, we also found that the regulators of ARF6 and Rac1 are required for 
FE65-mediated neurite extension. Our work suggests that FE65 functions as an adaptor to recruit 



various small GTPase and their regulators to form functional complexes to regulate neurite 
outgrowth. Since neurite degeneration is observed in Alzheimer’s disease, strategies that 
attenuate neurite loss and/or stimulate neurite outgrowth may represent a promising direction for 
therapeutic development for the disease. Our work shed important light on the role of FE65 in 
neurite outgrowth. 
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Title: Precise somatotopic thalamocortical axon guidance depends on LPA-mediated PRG-
2/Radixin signaling 
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Abstract: Precise connection of thalamic barreloids with their corresponding cortical barrels is 
critical for processing of vibrissal sensory information. Here, we show that the phospholipid 
interacting molecule PRG-2 plays an important role in thalamocortical axon guidance. 
Developing PRG-2-/- thalamocortical fibers prematurely entered the cortical plate eventually 
innervating non-corresponding barrels. This misrouting was due to lost axonal sensitivity 
towards lysophosphatidic acid (LPA), which failed to repel PRG-2-deficient thalamocortical 
fibers. PRG-2 electroporation in the PRG-2-/- thalamus was able to restore the aberrant cortical 



innervation. We identified radixin (RDX) as a PRG-2 interaction partner in thalamocortical 
fibers, and showed that RDX accumulation in axon growth cones and its phosphorylation upon 
LPA stimulation was dependent on PRG-2. In vivo recordings and whisker-specific behavior 
tests demonstrated sensory discrimination deficits in PRG-2-/- animals. Our data show that 
bioactive phospholipids and PRG-2 are critical for axon guidance of thalamic fibers to their 
proper cortical termination field. 
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Abstract: Cyclic GMP-dependent protein kinase 1 (PKG1) essentially contributes to nociceptive 
long-term potentiation in the spinal cord, and consequently, PKG inhibition or knockout in 
sensory neurons of the dorsal root ganglia (SNS-PKG1-/-) reduces inflammatory nociception in 
mice, but unexpectedly, PKG1 deficiency in SNS-PKG1-/- mice provided no protection against 
nerve injury evoked neuropathic nociception. The result suggested specific repair functions of 
PKG1 that are necessary for regeneration and indeed, these functions were impaired after nerve 
injury because PKG1 transcription, redox-sensitive dimerization/auto-activation and axonal 
transport were reduced or blocked. Primary neurons of adult SNS-PKG1-/- mice showed 
enhanced branching and outgrowth due to a reduction of growth cone collapse evoked by 
oxidation events that occur physiologically at the growth cones and branching points in response 
to repulsion cues. Consequently, PKG1 deficient outgrowing axons in vivo failed to find the path 



through a nerve lesion. At the molecular level, PKG1 deficiency impaired cofilin 
phosphorylation and hence actin dynamics essential for growth cone collapse evoked e.g. by 
semaphorin 3a. Enhanced outgrowth but defective path-finding may increase aberrant sprouting 
thereby outweighing spinal mechanisms of pain attenuation provided by PKG1-deficiency in 
inflammatory conditions and PKG1 inhibition after nerve injury may therefore impair 
endogenous repair mechanisms. 
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Abstract: As embryonic neocortex develop, radial glial cells in ventricular zone (VZ) start to 
produce postmitotic neurons around embryonic day 11.5 (E11.5) to form deep layer (Layer VI) 
in neocortex. As the development continue, the new neuroblasts migrate through and form a new 
layer above the existing layer. Prenatal neurogenesis continues until all layers are formed. Deep 
layer neurons, in particular, from various regions of neocortex start extending axons into 
respective thalamic region. 
BIG1, a brefeldin A-inhibited guanine nucleotide-exchange protein, coded by Arfgef1 gene, have 
a Sec7 domain that activates Arf1 and Arf3 by replacing bound GDP with bound GTP, and thus, 
involves in vesicular trafficking in various cell types. In addition, BIG1 has also been found to 
regulate neurite outgrowth and maturation in vitro. 
Using a BIG1 knockout (BIG1-/-) mice model, the role of BIG1 in neocortex development and 
axonal connectivity was examined. Indeed, BIG1 knockout caused morphological defects in 
neocortex and pallial/subpallial boundary (PSPB). In BIG1 knockout neocortex, apoptosis 
occurred in early-born deep layer neurons and reached a peak soon after deep layer neuron 
differentiation at E15.5. Immunofluorescense staining using axonal or dendritic marker showed 
that the neuronal connectivity defects were observable only after E15.5. At E17.5, in BIG1 



knockout brain, the corticothalamic axons from primary somatosensory cortex (S1) extended into 
dorsal lateral geniculate nucleus (dLGN) instead of ventrobasal complex (VB). The 
thalamocortical axons were unable to cross internal capsule (IC). Primary hippocampus neuron 
culture at 9 days-in-vitro (DIV) showed abnormal accumulation of NCKX2, a calcium channel 
protein that is a cargo for axonal motor protein Kif21a, at plasma membrane of dendrites. This 
might suggest that the loss of BIG1 lead to abnormal trafficking of NCKX2 through Kif21a, 
whose cargo binding site can also bind to BIG1 in wild type neurons. 
This study showed the role of BIG1 in maintaining deep layer neuron survival and subsequent 
neuronal connectivity in developing embryonic brain. BIG1 may also function as a mediator for 
selective NCKX2 distribution at axon surface. 
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Abstract: A ~190 nm periodic subcortical cytoskeleton lattice consisting of actin, spectrin, and 
other proteins was recently discovered underneath the membrane of hippocampal neurons and at 
nodes of Ranvier. By performing three-color STED nanoscopy, we show that this lattice is 
present in thick spine necks but is absent from post-synaptic sites, identified by Homer co-
staining. Similarly, the lattice is discontinued at pre-synaptic sites, identified by Bassoon co-
staining. 
Whether the periodic cytoskeleton lattice is a structural feature of all neurons and how it is 
modified when axons are ensheathed by myelin-forming glial cells is not known. Therefore, we 
first confirmed the presence of the actin/spectrin lattice in different excitatory and inhibitory 
neuron types from both the central nervous system (cortical neurons, striatal neurons, cerebellar 
granule cells, retinal bipolar cells) and the peripheral nervous system (dissociated dorsal root 
ganglion cells). The lattice was also revealed in myelinating cells, specifically in cultured 
oligodendrocyte precursors, indicating that it is not a unique neuronal feature. The actin/spectrin 
lattice arrangement was found underneath the myelin coat at both internodes and paranodes of 



sciatic nerve fibers ex-vivo. Co-staining of betaII and betaIV spectrin shows a continuity of this 
structure between paranodes and nodes, without any interruption. Consistent with the finding on 
oligodendrocyte precursor cells, at paranodes also glial cells exhibit a periodic arrangement of 
cytoskeletal and related proteins (Ankyrin B and Neurofascin 155). 
In conclusion, we show that the subcortical actin/spectrin lattice is ubiquitous throughout the 
nervous system, being present in a variety of neuronal cell types. Our results suggest the 
existence of mechanisms that allow a fine-tuning of this substructure and open up many 
questions regarding both synaptic plasticity and de-myelination diseases. 
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Abstract: The importance of mitochondria for neuronal function is evident by the large number 
of neurodegenerative diseases (ALS, Alzheimer’s disease, Parkinson’s disease, Friedreich ataxia) 
which have been associated with a disruption of mitochondrial function or transport (Chen & 
Chan, 2009). Mitochondria are essential for multiple physiological functions as a result of their 



ability to produce ATP through oxidative phosphorylation, buffer cytoplasmic calcium, regulate 
lipid biosynthesis and trigger apoptosis through cytochrome c release (Schon & Przedborski, 
2011). In non-neuronal cells, mitochondria are highly dynamic as a result of mitochondrial 
biogenesis, fission, fusion, transport and removal via mitophagy. In neurons, mitochondria 
structure differs strikingly between the axon and dendrites: in axons, mitochondria are small (on 
average ~1 microns length) and often localized presynaptically whereas in dendrites, they form 
long, tubular networks covering almost the entire dendritic arbor. Therefore, we hypothesized 
that mitochondrial fission must be dominant over fusion in axons and vice versa in dendrites. 
These observations suggest highly polarized molecular mechanisms controlling mitochondria 
dynamics and function in axons vs. dendrites, however, at this point, the molecular mechanisms 
underlying compartmentalized mitochondrial fission/fusion in neurons are currently unknown. 
Recently, we have identified that Mitochondrial Fission Factor (MFF) activation (one of four 
known Drp1 ‘receptors’), controls mitochondrial size in both cell lines and neuronal dendrites in 
an AMPK-dependent manner (Toyama, Herzig et al, Science 2016). We will present results 
demonstrating that mitochondrial fission is regulated differentially by MFF in axons compared to 
the somatodendritic domain. We provide evidence that MFF-dependent mitochondrial fission is 
dominant in the axon, and that knockdown of MFF (but not Fis1) results in elongated, fused 
mitochondria along the axon without affecting dendritic mitochondrial morphology. Finally, 
disruption of mitochondrial fission in the axon results in changes to mitochondrial presynaptic 
localization resulting in changes to axonal morphology and mitochondrial-dependent calcium 
buffering function. 
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Abstract: In vertebrate neurons, the axon initial segment (AIS) is specialized for action potential 
initiation. It is organized by a giant 480 Kd variant of ankyrin G (AnkG) that serves as an anchor 
for ion channels and is required for a plasma membrane diffusion barrier that excludes 
somatodendritic proteins from the axon. An unusually long exon required to encode this 480Kd 
variant is thought to have been inserted only recently during vertebrate evolution, so the giant 
ankyrin-based AIS scaffold has been viewed as a vertebrate adaptation for fast, precise signaling. 
We re-examined AIS evolution through phylogenomic analysis of ankyrins and by testing the 
role of ankyrins in proximal axon organization in a model multipolar Drosophila neuron (ddaE). 
We find giant isoforms of ankyrin in all major bilaterian phyla, and present evidence in favor of 
a single common origin for giant ankyrins and the corresponding long exon in a bilaterian 
ancestor. This finding raises the question of whether giant ankyrin isoforms play a conserved 
role in AIS organization throughout the Bilateria. We examined this possibility by looking for 
conserved ankyrin-dependent AIS features in Drosophila ddaE neurons via live imaging. We 
found that ddaE neurons have a diffusion barrier in the proximal axon that requires a giant 
isoform of the neuronal ankyrin Ank2. Our results indicate that the giant ankyrin-based 
cytoskeleton of the AIS may have evolved prior to the radiation of extant bilaterian lineages, 
much earlier than previously thought. 
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Title: Characterizing cytoskeleton changes during axonal degeneration 
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Abstract: Axonal fragmentation is a regulated process that uses a growing set of receptors, 
signaling molecules, proteases and other regulators to disintegrate the axonal compartment. Little 
is known about the changes (and possible role) of the axonal cytoskeleton during degeneration. 
In this study we aimed at describing cytoskeletal changes associated with axonal degeneration 
induced by of trophic factor (NGF) withdrawal (TFW) or injury in cultured DRG neurons. We 
first focused our attention in the actin-rich growth cone and found that growth cone collapse 
(GCC) is an early event observed in TFW and injured axons. Live-imaging shows that GCC is 
almost complete by 30 minutes after TFW, which is well before the 18-24 hours needed to 
observe axon fragmentation. Accompanying increased filopodia dynamics at the axonal tip 
suggest that GCC is caused by a sudden increase in F-actin dynamics. To our surprise, drugs 
(Nicotinamide Adenine Dinucleotide, EGTA, go6976, N-Acetyl Cysteine) or gene deletions 
(Caspase-3 -/-) known to prevent axonal fragmentation do not prevent GCC. Growth cone 
collapse does not represent a point of no return towards axonal fragmentation since re-adding 
NGF after GCC (6-12 hours) prevents axonal fragmentation and growth cones are re-form. Total 
F-actin staining decreases in every cell compartment during degeneration. On the other hand, 
axonal microtubules form tight bundles and we observed an early and marked microtubule de-
bundling in degenerating axons and microtubules curves at the tip of axons where growth cones 
collapsed. These previously unnoticed early changes in the cytoskeleton suggest an instructive 
role for the cytoskeleton during axon fragmentation. 
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Abstract: A precise cortical GABAergic network is critical for the normal sensory coding and 
perception. However, how cortical GABAergic circuits are developmentally assembled and 
regulated in the early postnatal period is far from fully understood. Eye opening is a timed event 
critical for the maturation of cortical circuits, yet our knowledge of the relationship between eye-
opening and the maturation of specific GABAergic connections is incomplete. Here we report 
first time that, 1-2 days after eye-opening, the IPSC amplitude from somatostatin interneurons to 
pyramidal neurons abruptly decrease by about 50% in layer 2/3 of the visual cortex. Similar 
results were not found in connections from somatstatin interneurons to other interneurons 
subtypes. What's more, the reduction of IPSC amplitude is impared by the disruption of normal 
visual input, suggesting that the developmental change after eye-opening is regulated by early 
visual experience. Our work revealed a novel early developmental pattern of GABAergic circuits 
around the time eye opens and indicated that early visual experience is critical for the maturation 
of somatostatin interneuons GABAergic circuits in visual cortex. 
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Abstract: The generation of neocortex interneurons approximately starts from E9.5 and ends at 
E18.5. Previous studies have revealed that a portion of early generated interneurons (EGIns) in 
the hippocampus can act as hub neurons which may modulate the synchronized activity of the 
hippocampus network. However, the functional significance of EGIns in neocortex is not well 
understood. In this study, combining fast multi-scale calcium imaging (fMCI) with whole cell 
recording, we found that some EGIns in the neocortex also have hub function. On the basis of 
electrophysiological and morphological data, we observed that EGIns have a higher connectivity 
level than ordinary generated interneurons (OGIns) which were born around the peak of 
neurogenesis. Nevertheless, this advantage of EGIns almost only occurs in the first postnatal 
week and disappears later when the neocortex gets more mature. Our results implied that EGIns 
have a stronger regulatory function in the developing neocortex at early postnatal stage when 
vast cortical synaptic network begin to establish. 
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Abstract: The N-methyl-D-aspartate type glutamate receptor (NMDAR) has been strongly 
implicated as playing a role in retinotectal projection refinement, arbor stabilization, and 
plasticity during development. Chronic receptor blockade experiments have demonstrated that 
NMDARs in the optic tectum play a key role in retinotectal axon remodeling and refinement. 
Once thought to be exclusively postsynaptic, more recent work has revealed the existence of 
presynaptic NMDARs (preNMDARs) that may also contribute to synaptic function and 
plasticity. We have therefore undertaken a set of experiments to specifically assess the relative 
contributions to synaptic plasticity and circuit refinement of pre- versus postsynaptic NMDARs 
(postNMDARs). To do so, we have developed a novel model system in which we inject an 
antisense Morpholino oligonucleotide (MO) against the obligate GluN1 subunit of the NMDAR 
into just one cell at the two-cell stage of development. This results in the NMDAR being 
effectively knocked-down in half the embryo. Because the retinal ganglion cells (RGC) cross the 
midline to project to the optic tectum, these hemimorphant animals lack NMDARs in all the 
RGC inputs to their wildtype contralateral hemisphere and in all the tectal neurons (with 
wildtype RGC inputs) in the other hemisphere. Preliminary findings suggest complementary 
contributions to axon complexity and dynamics for pre- and postNMDARs as well as alterations 
in visual response properties. These early findings set the groundwork for a more comprehensive 
investigation of the specific roles of pre- and postsynaptic NMDARs in neural circuit 
development, plasticity, and visual processing. 
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induced by olfactory nerve stimulation 
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Abstract: We have applied multiple-site optical recording with a voltage-sensitive dye to the 
olfactory nerve (N.I)-olfactory bulb-forebrain preparation of the chick embryo, and pursued 
functional development of the olfactory system. In our previous studies, we showed that optical 
responses in the olfactory bulb induced by N.I stimulation consisted of three components, viz., a 
fast spike-like signal, a delayed long-lasting slow signal, and an oscillation. The fast spike-like 
signal corresponded to the sodium-dependent action potential, and the slow signal included the 
glutamatergic excitatory postsynaptic potential. Functional synaptic transmission in the olfactory 
bulb was expressed at the embryonic 6-7-day stage, while the oscillation was detected from the 
embryonic 9-day stage. In the present study, we found that the slow signal spread into the 
forebrain as a wave-like activity and distributed widely in the cortex in some conditions. This 
wave-like activity was elicited from the embryonic 9-day stage in normal physiological solution 
and the 8-day stage in the Mg2+-free solution. We examined fundamental characteristics of the 
wave-like activity and their developmental dynamics. 
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Title: In vivo 2-photon imaging of neuronal activity in layer 4 of the neonatal barrel cortex 
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Abstract: Establishment of precise neuronal circuits in the mammalian neocortex relies on 
activity-dependent circuit reorganization during postnatal development; however, the nature of 
cortical activity that could underlie the circuit refinement remains largely unknown. We 
addressed this question using the mouse somatosensory cortex. In the mouse somatosensory 
cortex layer 4, the arrangement of whiskers on the face is topographically represented as 
“barrels”, which are discrete modules of layer 4 neurons. Thalamocortical (TC) axon termini that 
correspond to a whisker are clustered in the center of a single barrel, and dendrites of a layer 4 
neuron are mostly restricted to a single barrel. These highly organized TC circuits are established 
during neonatal stages, in which neuronal activity via thalamus plays a critical role. We first 
developed a method to analyze activity of layer 4 neurons with respect to the TC axon projection 
patterns: To observe the arrangement of barrels (TC axon terminus clusters) in vivo, we 
generated transgenic mice expressing RFP in TC axons (TCA-RFP mice). We expressed 
genetically encoded calcium indicator GCaMP in a sparse population of layer 4 neurons in these 
mice. Sparse cell labeling was achieved by using the Supernova system, which we recently 
reported (Mizuno et al., Neuron 2014). We then monitored neuronal activity in the 
somatosensory cortical layer 4 during neonatal stages, and analyzed features of the activity with 



respect to the TC input patterns. The properties of cortical activity during early postnatal period 
that may be involved in circuit refinement will be discussed. 
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Title: Antagonistic roles of serotonin and glutamate release in the refinement of retinogeniculate 
circuits 
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Abstract: During early postnatal development in mouse retinorecipient areas, retinal projections 
are broad and diffuse, exemplified by the highly overlapping eye-specific (ipsi- vs. contralateral) 
retinal projections in the dorsal lateral geniculate nucleus (dLGN). A Hebbian mechanism was 
hypothesized to orchestrate the large-scale refinement of these eye-specific circuits, resulting in a 
highly segregated organization of eye-specific connectivity. Previously, we explored the role of 
glutamate release in the refinement of eye-specific inputs to the dLGN, concluding that 
glutamate release from ipsilateral fibers is important for the removal of contralateral fibers in the 
territory destined to be ipsilateral, whereas the maintenance and refinement of ipsilateral fibers 
does not require normal levels of glutamate release. We sought to uncover the molecular signal 
that conveys this latter aspect of retinogeniculate refinement through examination of serotonin 
release. The model of serotonin’s role in refinement of the retinogeniculate synapse had long 
been thought to be inhibitory onto contralateral inputs via release from ipsilateral inputs. 
However, using conditional genetic deletion of serotonin’s vesicular transporter (VMAT2) in 
ipsilaterally-projecting retinal ganglion cells (ipsi-RGCs), we found that loss of serotonin release 
from ipsi-RGC unexpectedly accelerates refinement leading to early and complete refinement of 
inputs. Furthermore, genetic disruptions of both glutamate and serotonin release surprisingly 
rescued the retinogeniculate refinement phenotype observed after disrupted glutamate or 



sertotonin release alone. These results suggest an antagonistic role of glutamate and serotonin 
release from ipsi-RGCs and furthermore demonstrate that normal developmental circuit 
refinement is capable after reduction of both transmitters. These results update our current 
understanding of the role of serotonin and glutamate signaling over neural circuit refinement 
during development. 
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Title: Supernova: Extensible vector systems that enable high intensity single-cell labeling and 
labeled cell-specific gene knockout and editing In vivo 
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Abstract: The mammalian brain, a complex organ, comprises numerous cells (neurons) densely 
packed and interconnected with each other to form intricate neural circuits responsible for higher 
brain function. To understand the precise cellular and molecular mechanisms of the neural circuit 
development and function, single-cell analyses that dissect connectivity of individual cells and 
molecular machinery operating in these cells are indispensable. For this purpose, we developed 
“Supernova” series of vector systems. In Supernova, sparse labeling relies on rare TRE leakage. 



In a small population of cells with over-threshold leakage, initial tTA-independent weak 
expression is enhanced by tTA/TRE-positive feedback along with a site-specific recombination 
system (e.g., Cre/loxP, Flpe/FRT). Sparse and bright labeling by Supernova with little 
background enables the visualization of the morphological details of individual neurons in 
densely packed brain areas such as the cortex and hippocampus, both during development and in 
adulthood. Sparseness levels are adjustable. Labeled cell-specific gene knockout was 
accomplished by introducing Cre/loxP-based Supernova vectors into floxed mice. Furthermore, 
by combining with RNAi, TALEN, and CRISPR/Cas9 technologies, Supernova achieved labeled 
cell-specific gene knockdown and editing/knockout without requiring genetically altered mice. 
Thus, Supernova system is highly extensible and widely applicable for single-cell analyses in 
complex organs, such as the mammalian brain. 
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Title: Layer specific developmental changes of excitatory and inhibitory balance in pyramidal 
neurons of rat primary visual cortex 
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Abstract: Neural circuits are highly sensitive to changes in environmental inputs, especially 
early in life when windows of heightened plasticity have been reported. These developmental 
windows are known as “critical periods”. In rat primary visual cortex (V1) the best studied of the 
critical periods was shown to open at postnatal day 21 (P21) and peak by the end of the fourth 
week. In addition, a second window of plasticity was also identified. It is known as pre-critical 
period, starts at eye opening and extends to P21. In these two developmental windows the circuit 



in V1 appears to have different sensitivity to patterned stimulation. For example, the same 
pattern of activity can induce completely different forms of plasticity if applied in the pre-critical 
or in the critical period, suggesting that the local circuit may be in different states of excitability. 
Here, we recorded spontaneous excitatory and inhibitory currents from pyramidal neurons (Pyr) 
in different layers of V1 at eye opening and the peak of the critical period. Our data show that 
there are laminar differences in the balance between excitation and inhibition (E/I) in V1 Pyr 
neurons recorded at these two developmental stages. At eye opening (P14) spontaneous activity 
was dominated by excitation in layer L4 (E/I ratio in L4 =1.29 ± 0.14, n=12 Pyr neurons) while 
inhibition was dominant in L2/3, L5 and L6 (E/I ratios: L2/3=0.39 ± 0.06, L5=0.72±0.2, 
L6=0.81±0.1 respectively, n=12 neurons for each layer). At the peak of the critical period 
inhibition was dominant throughout the cortical mantle (L2/3=0.1±0.02, L4=0.2±0.02, 
L5=0.2±0.02, L6=0.1±0.01). Our results indicate that from eye opening and the peak of the 
critical period there is a progressive shift toward inhibition becoming dominant in all cortical 
layers. This transition is likely to contribute to the maturation of the response properties and to 
the changes in capacity for plasticity of neurons in V1. 
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Abstract: Communication between tecta/colliculi is thought to be required for sensorimotor 
behaviors by comparing input across the midline, however the role of visual experience in the 



function and plasticity of developing intertectal (IT) connections in unclear. Using in vivo time-
lapse imaging, electrophysiology, and visuomotor behavior experiments in Xenopus tadpoles, we 
examine the experience-dependent plasticity and function of intertectal inputs. We find that 
intertectal neurons provide convergent excitatory and inhibitory input onto retinorecipient tectal 
neurons, and that these intertectal inputs are required for visuomotor behavior. We show that 
spike-timing dependent plasticity of intertectal inputs and experience-dependent structural 
plasticity in presynaptic excitatory and inhibitory IT boutons change the balance of excitation to 
inhibition (E:I) of intertectal input to tectal neurons. Intertectal inputs are required for visual 
avoidance behavior and exposing tadpoles to unilateral patterned visual input impairs behavior 
and disrupts E:I balance. These results demonstrate that visual experience induces plasticity in IT 
synapses and that discordant retinal inputs shift the E:I ratio of IT input onto tectal neurons, 
which is sufficient to transiently disrupt the integration of visual information and motor output in 
the tectal circuit and to disrupt visuomotor behavior. This work was supported by NIH grants 
532NS084749 to ACG, 5F32NS071807 to RLF, and EY011261 to HTC and an endowment from 
the Hahn Family Foundation to HTC. 
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Abstract: Transcriptional regulation by Store-operated Calcium Entry (SOCE) is well studied in 
non-excitable cells. However, the role of SOCE has been poorly documented in neuronal cells 
with heterogeneous calcium dynamics. We study the role of SOCE in the developing nervous 



system of Drosophila. Previous reports demonstrated a requirement for SOCE in Drosophila 
flight circuit neurons. We refine this requirement temporally to the early pupal stage and use 
RNA sequencing to identify SOCE mediated gene expression changes in the developing 
Drosophila pupal nervous system. Down regulation of dStim, the endoplasmic reticular calcium 
sensor and a principal component of SOCE in the nervous system, altered the expression of 131 
genes including Ral, a small GTPase. Disruption of Ral function in neurons impaired flight, 
whereas ectopic expression of Ral in SOCE compromised neurons restored flight. We 
demonstrate, by live imaging of cultured pupal neurons, a role for SOCE dependent Ral 
expression in regulating vesicular exocytosis. Compromising vesicle release in early pupal 
neurons alone, hampers flight, supporting the functional significance of Ral expression at this 
developmental stage. These results identify neuronal SOCE as a mechanism that regulates Ral 
expression and consequently neural function and behaviour. They also demonstrate the relevance 
of SOCE regulated gene expression for neuronal circuit maturation.We also profiled the pupal 
transcriptome of Dopaminergic and Glutamatergic, two known neuronal domains where SOCE 
has been implicated in flight, under conditions of impaired dSTIM function to study the role of 
SOCE in these neurons. Interestingly, we find SOCE to differentially regulate a set of genes in 
these two subsets. 
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Abstract: Early activity has been shown to be important for the proper development and 
assembly of neural circuits. Activity is also required to form coordinated patterns in mature 
neural circuits that drive efficient behaviors. We are interested in studying the functional 
importance of early activity using the developing egg-laying behavior circuit in the nematode 



Caenorhabditis elegans. The C. elegans egg laying circuit is a simple, well characterized neural 
circuit which drives a two-state behavior in which adult animals alternate between an inactive 
state and an active state when eggs are laid. The circuit comprises two types of motor neurons: 
the Hermaphrodite Specific Neurons (HSNs) and Ventral Type C motor neurons (VC) that 
innervate the vulval muscles which contact to lay eggs. During the L4 larval stage, the cells of 
the circuit undergo morphological maturation and establish synaptic connections. We are using 
GCaMP calcium imaging in freely behaving animals to record activity in cells of the egg laying 
circuit at the late L4 larval stage and in adults after development. We found the HSN neurons 
have rhythmic Ca2+ transients at the late L4 larval stage at intervals of about 55s even before 
eggs are produced. HSN Ca2+ transients are also observed at the mid-L4 stage, but are less 
frequent than during late-L4 (1hr post mid-L4). HSN activity in late-L4 animals lacked the 
characteristic burst-firing pattern at intervals of about 20s in adults during egg laying. 
Developing vulval muscles have Ca2+ activity during the transition from mid-L4 to late-L4 and 
after the L4 molt is complete. Vulval muscle L4 Ca2+ transients are uncoordinated at the mid-L4 
stage, where we see asynchronous Ca2+ transients at either the anterior or posterior muscle cells. 
At the end of the L4 stage, coordinated muscle transients appear, which resembles the activity 
seen in adult muscles that allows efficient egg release. In order to understand the functional 
consequences of circuit connectivity, we are analyzing how the observed activity correlates with 
morphological changes observed during circuit development. We are also analyzing the role of 
early activity in regulating other behaviors that change during the L4 stage, including locomotion 
and pharyngeal pumping. We hope to test how acute and/or developmental perturbations in cell 
activity drive functional and behavioral plasticity. Together, these results will help us to 
understand how normal patterns of cell activity allow for proper development of neural circuits 
that drive robust, stable behaviors. 
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Queensland,, Sch. of Biomed. Sci., Brisbane, Australia; 3The Univ. of Queensland, Sch. of 
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Abstract: Spontaneous patterns of activity in the developing visual system may play an 
important role in shaping the brain to optimally reflect the statistics of the visual environment. 
During the period 4-9 dpf (days post-fertilization) larval zebrafish learn to hunt prey, a behaviour 
critically dependent on the optic tectum. However whether and how spontaneous activity in the 
tectum evolves over this period is unknown. To address this we performed 2-photon calcium 
imaging of GCaMP6s unanesthetised, unparalysed zebrafish larvae in the dark for 1 hour at ages 
4-9 dpf. We recorded spontaneous activity of ~600 active tectal cells per age (n = 48 fish, an 
average of 8 fish per age), and found significant changes in activity characteristics over 
development. From 4 to 5 dpf the frequency of spontaneous activity events in the PVL 
(periventricular layer) increased, and remained elevated until 8 dpf, when it returned to the same 
level as 4 dpf. Cells within the neuropil (n=410 total over all ages) segregated both functionally 
and spatially into two groups with different spontaneous activity profiles. PVL activity took the 
form of structured assemblies, whose spatial and temporal characteristics also changed over 
development. Preliminary results indicate a strong role for retinal input in shaping this tectal 
spontaneous activity, since fish with one eye enucleated showed substantially reduced activity in 
the enucleated vs normal tectum. Together these findings show that spontaneous activity 
characteristics in the zebrafish tectum change rapidly over the period in which the animal is 
learning to process visual stimuli and hunt prey, and that visual experience may play a role in 
driving these changes. 
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Title: Role of histone deacetylase 2 (HDAC2) in PV cell circuit development 
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CHU Sainte-Justine / Univ. De Montréal, Montreal, QC, Canada 

Abstract: Cortical parvalbumin-positive, basket cells (PV cells), a subtype of GABAergic 
interneurons, innervate hundreds of postsynaptic targets with multiple synapses clustered around 
the cell body and proximal dendrites. These cells are thought to be particularly important for the 
generation of gamma oscillations, which in turn regulate many cognitive functions, and for the 
regulation of developmental cortical plasticity. Although the function of PV cells within cortical 
networks is being explored extensively, the mechanisms that control the development and 
plasticity of their extensive arborization and synaptic contacts have not been entirely resolved. 
Molecular mechanisms involved in synapse formation and strengthening include the activation 
and repression of specific genes or subsets of genes by stable epigenetic modifications that do 
not change the genetic code itself. Chromatin remodeling, especially through histone-tail 
acetylation, which alters the compact chromatin structure and changes the accessibility of DNA 
to regulatory proteins, is emerging as a fundamental mechanism for regulating gene expression. 
In particular, Histones Deacetylase 2 (HDAC2) has been shown to regulate excitatory synapse 
formation and plasticity, and memory formation. Whether HDAC2 affects PV cell synapse 
development is unknown. Here, we show that HDAC2 is expressed by PV neurons. To dissect 
the role of HDAC2 in PV cell development in vivo, we generated conditional knockout mice by 
breeding HDAC2lox with PV-Cre mice, which express Cre selectively in PV cells after the 
second postnatal week. We found that PV expression levels and PV cell perisomatic boutons 
density is significantly reduced in both the cortex and basal lateral amygdala by P60. We are 
currently characterizing the cognitive behavior of these mice. 
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Title: Intrinsic spontaneous network activity in the neonatal mouse olfactory bulb is required for 
dendrite pruning of mitral cells. 
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Abstract: The correct formation of neural circuits is vital for the function of the brain, and is 
achieved by both the correct outgrowth and pruning of neurites. In the mouse olfactory bulb 
(OB), mitral and tufted cells (M/T cells) are the principal output neurons, receiving input from 
olfactory sensory neurons (OSNs) in the glomerular layer of the OB, and projecting axons to the 
olfactory cortex. During postnatal development, M/T cells refine their dendrites from connecting 
to multiple glomeruli (Postnatal days 0-3/4) to a single primary dendrite connecting to a single 
glomerulus ≥P5). However, the mechanisms of this selective pruning remain unclear. 
Our genetic experiments uncovered a critical role for non-sensory (spontaneous) activity in 
shaping this refinement. Notably, hyperpolarising mitral cells through the expression of the 
inward rectifying potassium channel Kir2.1 caused mitral cells to retain multiple primary 
dendrites well beyond the typical pruning period (>P28). Naris occlusion or altering odour 
sensitivity genetically resulted in no or only a slight delay in refinement. 
Although the role of spontaneous activity in circuit refinement is established in visual and 
auditory circuit development, the nature of spontaneous activity in the olfactory system is 
unknown. To directly record spontaneous activity in the neonatal mouse OB, we performed two-
photon in vivo imaging with genetically encoded calcium indicators (GCaMP3/6f) expressed 
either in M/T cells or OSNs across the early postnatal development (≤P10). Spontaneous activity 
was present in M/T cells in awake mice, but not in OSNs, suggesting that it is intrinsic to the OB, 
consistent with our genetic experiments. We also found a significant shift from synchronous to 
asynchronous firing during postnatal development. Using correlation analyses, we demonstrated 
synchronous firing at earlier stages (P0-2, stage I), and desynchronized and seemingly random 
firing at later stages (stage II). Pharmacological experiments on ex-vivo explants revealed that 
synchronicity is dependent on both synaptic and gap junction connectivity for stage I 
spontaneous activity, while stage II activity requires GABAergic inhibition. We have also begun 
to analyse the activity patterns of mutant mice in which dendritic pruning is delayed. 
This shift in spontaneous activity patterns occurs prior to dendritic pruning, suggesting that the 
stage II pattern of intrinsic OB spontaneous activity may be important to initiate the pruning of 
primary dendrites. Formation of discrete microcircuits by emergent network activity may be an 
important principle in the formation of mammalian central nervous system. 
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Title: Major vault protein, a candidate gene in 16p11.2 microdeletion syndrome, is required for 
homeostatic regulation of cortical plasticity 
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Abstract: Microdeletion of a region in the chromosome 16p11.2 increases susceptibility to 
autism and accounts for up to 1% of this population. Although this region contains 29 genes, 
disrupting only a small piece of this region, which spans 5 genes, is sufficient to cause autistic 
traits. One candidate gene in this region is the major vault protein (MVP), which has been 
implicated in the regulation of several cellular processes including transport mechanisms and 
multidrug resistance. We found that MVP expression levels in MVP Het mice closely phenocopy 
those of 16p11.2 mice, suggesting MVP Het mice may serve as a model of MVP function in 
16p11.2 microdeletion. However, the function of MVP in the central nervous system, in 
particular its role in brain function and plasticity, has not been investigated. To determine the 
role of MVP in experience-dependent synaptic and circuit plasticity, we first measured ocular 
dominance plasticity (ODP) in primary visual cortex (V1). We found that MVP Het mice show 
impairment in strengthening of open eye responses in V1 after 7 days monocular deprivation 
(MD), resulting in reduced overall plasticity. Furthermore, electrophysiology experiments 
showed that the frequency of mEPSCs was decreased in MVP Het mice after 7 days MD, 
suggesting a decrease in the number of functional synapses, which may underlie the reduced 
plasticity in MVP Het mice. By a biotin-labeling assay, we found impaired homeostatic 
upregulation of surface GluA1 in MVP Het mice after longer term MD. To investigate the 
underlying molecular mechanism, we measured intracellular signaling in MVP WT and MVP 
Het mice and found ERK activation was significantly increased in MVP MVP Het mice, while 
activation of other signals such as Akt and JAK were normal. STAT1 is a downstream molecule 
of JAK signaling and reported to be inhibited by MVP. We found a tendency towards increased 



expression of STAT1 in MVP Het mice, suggesting the possibility of MVP inhibition on STAT1. 
We have previously examined ODP in STAT1 KO mice and shown that they have an accelerated 
increase in open eye responses and enhanced plasticity after 4 days of MD. These results suggest 
that MVP may interact with STAT1 to regulate plasticity, and one function of MVP may be to 
negatively regulate STAT1. Collectively, we find a highly specific role for MVP as a critical 
molecule in the homeostatic or response-restoring component of activity-dependent synaptic 
plasticity. Thus, this study helps reveal a new mechanism for an autism-related gene in brain 
function, and suggests a broader role for neuro-immune interactions in circuit level plasticity. 

Disclosures:  P. Ip: None. I. Nagakura: None. J. Petravicz: None. J. Benoit: None. E.A.C. 
Wiemer: None. M. Sur: None. 

Poster 

677. Neural Circuit Activity and Maturation II 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 677.16/D6 

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

Support: CREST 

Title: High reciprocal connectivity between clonal cortical neurons is established under the 
guidance of epigenetic regulation 

Authors: E. TARUSAWA1,2, M. SANBO1, A. OKAYAMA3, T. MIYASHITA1, T. 
KITSUKAWA3, T. HIRAYAMA3, T. HIRABAYASHI3, S. HASEGAWA3, M. 
HIRABAYASHI1, T. YAGI3,4, *Y. YOSHIMURA1;  
1Natl. Inst. For Physiological Sci., Okazaki, Aichi, Japan; 2CREST /AMED, Tokyo, Japan; 3Grad 
Sch. of Frontier Biosci, Osaka Univ., Osaka, Japan; 4CREST/AMED, Tokyo, Japan 

Abstract: The specificity of synaptic connections is fundamental for proper neural circuit 
function. Here we show that cortical excitatory neurons that arise from the same neural stem cell 
and reside within the same layer preferentially establish reciprocal synaptic connections, guided 
by molecular cues predetermined by epigenetic regulation during embryonic development. We 
observed a transient increase in synaptic connections between clonal but not nonclonal neuron 
pairs postnatally, followed by selective stabilization of the reciprocal connections between clonal 
neuron pairs. This lineage-dependent connective reciprocity was abolished in clonal cells lacking 
DNA methyltransferase 3b (Dnmt3b), which determines DNA-methylation patterns of genes in 
stem cells during early corticogenesis. A similar abolishment of reciprocity was observed in 
clonal neurons lacking clustered protocadherin (cPcdh), adhesion molecules involved in cell-cell 



interactions. Dnmt3b regulated the postnatal expression of cPcdh isoforms. Our findings suggest 
that the Dnmt3b-mediated epigenetic regulation of cPcdh expression enables clonal neurons to 
establish cell-lineage-specific reciprocal connections. 
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Abstract: Perineuronal nets (PN) are crucial for restricting neuronal plasticity during 
development. Our study of the central vestibular nucleus (VN) found consolidation of PN around 
GABAergic interneurons as from postnatal day (P)9 of Sprague Dawley (SD) rats. This was 
accompanied by progressive localization of semaphorin 3A (Sema3A) to chondroitin sulphate 
moieties (CS) of PN. We hypothesized that PN-CS binding of Sema3A limits the action of 
Sema3A as a plasticity-inducing factor in the VN. We tested for structural plasticity in VN 
explant cultures (P3+up to 31DIV) following treatment with chondroitinase ABC (ChABC) 
and/or Sema3A. Parallel cultures were fixed for assessment of neurite arborization and growth. 
Compared with null treatment controls, increase in these parameters suggested involvement of 
CS and Sema3A in controlling structural plasticity of VN neurons. To study the impact of PN-
CS/Sema3A at the circuit level, the rats were assessed for the emergence of negative geotaxis as 
a read-out for maturation of the circuit for graviception. We observed negative geotaxis as early 
as P9, in correlation with consolidation of PN around GABAergic neurons in the VN. 
ChABC/Sema3A-treated rats showed delayed display of negative geotaxis, similar to effects of 
bicuculline but contrasting those of muscimol. The delay also correlated with postponed 
formation of PN after ChABC treatment, revealing that disturbance of PN consolidation 



interfered with maturation of the vestibular circuitry for graviception. We further performed 
whole-cell patch-clamp recordings of miniature excitatory post-synaptic current (mEPSC) from 
VN interneurons of P7/P9 rats, control versusthose treated with ChABC and Sema3A. We found 
increase in frequency of mEPSCs, suggesting strengthening of presynaptic signals along 
extended lengths of dendrites of interneurons in the ChABC/Sema3A-treated VN circuit. Our 
results provide evidence for the role of PN-CS-Sema3A in controlling structural and circuit 
plasticity at the interneuron level with impacts on the developmental display of graviceptive 
behaviour. [Grant Support HKRGC17125115M & 777911M] 
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Title: Differential effects of decreasing excitatory inputs on excitatory and inhibitory neurons 
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Abstract: AMPARs are the major receptors mediating fast excitatory synaptic transmission in 
the CNS. Trafficking of AMPARs to and from synapses plays pivotal roles in the excitatory 
neural transmission, thus affecting synaptic plasticity, structural plasticity, circuit function and 
behavior. Here, we studied the role of AMPAR-mediated fast excitatory synaptic transmission by 
expressing peptides corresponding to the C-terminus of GluA1 or GluA2 subunits (called GluA1 
and GluA2 CTPs) in optic tectal neurons in Xenopus laevis tadpoles. In contrast to the effect of 
the disruption of inhibitory inputs, which significantly disrupts the E/I of visually-evoked 
synaptic inputs onto the postsynaptic neurons (Shen et al., 2011), GluA CTPs decreased both 
spontaneous and visually-evoked EPSC and IPSC onto tectal neurons. As a result, the E/I 
balance was unchanged. Nonetheless, the neuronal receptive field properties and the visually-
guided avoidance behavior of the animals were all affected by the expression of GluA-CTPs. To 



dissect the effect of disruption of excitatory inputs on excitatory versus inhibitory neurons 
respectively, we used time-lapse in vivo imaging to evaluate the effects of GluA CTP expression 
on dendritic arbor growth and experience-dependent structural plasticity in tectal neurons 
combined with posthoc GABA immunostaining to determine the identity (excitatory or 
inhibitory) of imaged neurons. The dendritic arbor structures of excitatory and inhibitory neurons 
were differentially affected by the disruption of excitatory inputs and demonstrated distinctive 
changes in experience-dependent structural plasticity as assayed by a two-part visual 
manipulation paradigm (4hrs of dark vs. 4hrs of enhanced visual stimulation). In particular, the 
excitatory neurons showed decreased dendritic branch density and mostly abolished their 
response to experience-potentiated dendritic arbor growth as results of expression of either 
GluA1-CTP or GluA2-CTP. On the other hand, inhibitory neurons did not exhibit significant 
change in the overall dendritic arbor morphometric parameters to expression of GluA1-CTP, 
while expression of GluA2 CTP modestly increased the total dendritic length and total branch tip 
number without changing branch density. Importantly, the bi-modal experience-dependent 
plasticity that has been observed in tectal inhibitory neurons (He et al., 2016) were disrupted by 
the disruption of excitatory inputs. These studies suggested differential effects of decreasing 
AMPAR-mediated fast excitatory synaptic transmission on structural plasticity in inhibitory and 
excitatory neurons. 
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Title: The NuRD chromatin remodeling complex drives neural circuit development In vivo 
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Abstract: Chromatin remodeling enzymes are thought to play key roles in brain development, 
but their relevance to in vivo neural circuit function remains poorly understood. We have 



identified a role for the nucleosome remodeling and deacetylase (NuRD) chromatin remodeling 
complex in dendrite morphogenesis in granule neurons of the mouse cerebellar cortex. 
Conditional knockout of the core NuRD subunit, Chd4, impairs granule neuron dendrite pruning 
in vivo. To uncover the function of the NuRD complex in neural circuit function, we developed a 
technique for in vivo imaging of awake behaving mouse pups. Two-photon calcium imaging of 
head-fixed juvenile mice walking on a motorized treadmill reveals a sub-population of cerebellar 
granule neurons that is stimulus-responsive. Remarkably, conditional knockout of Chd4 results 
in hyperresponsivity of granule neurons to the sensorimotor treadmill stimulus. Our findings 
suggest the NuRD chromatin remodeling complex drives dendrite morphogenesis and sparse 
sensorimotor encoding in the cerebellum. 
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Abstract: Despite the implication of basal ganglia (BG) dysfunction in multiple 
neurodevelopmental disorders the rules underlying the maturation of BG circuits remain poorly 
understood. Our previous work has shown that afferent activity is a major driver of glutamatergic 
synaptogenesis in striatal spiny projection neurons (SPNs) suggesting that perturbations of 
cortical activity during early postnatal stages can alter the normal development of corticostriatal 
circuits. Indeed, mice lacking Shank3 isoforms (Shank3B-/-) exhibit increased corticostriatal 
network activity during the second postnatal week resulting in accelerated maturation of 
excitatory synapse development in SPNs. However, this early phenotype is opposite to the one 
observed in adult animals that exhibit depressed corticostriatal connectivity instead. To explore 
the causes underlying these phenotypic differences we tested how SPNs respond to increased 



cortical activity during different stages of development and manipulated cortical activity by 
silencing cortical interneuron output via Cre-dependent deletion of the vesicular GABA 
transporter (vGAT). Interestingly, we found that chronic elevation of cortical activity from early 
postnatal stages recapitulates the phenotype found in Shank3B-/- animals, with increased 
connectivity early on and a subsequent reduction in adult stages. Moreover, elevation of cortical 
activity during adulthood for one week (P53-P60) was sufficient to depress corticostriatal 
connectivity whereas activation of the Gi-coupled DREADD hM4Di in layer 5 cortical neurons 
of adult Shank3B-/- mice partially rescued the corticostriatal depression found in adulthood. 
Together these results reveal distinct and dynamic adaptations of SPNs to cortical hyperactivity 
during different developmental stages and suggest that the abnormal developmental trajectory of 
corticostriatal connectivity caused by loss of Shank3 is caused by persistent cortical 
hyperactivity. 
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Abstract: Perinatal hypoxic-ischemic encephalopathy is the most important cause of acute 
mortality and morbidity in newborns. The most common acute effect of hypoxic-ischemic 
encephalopathy is neonatal seizures, which are very often refractory to conventional seizure 
medications. Hypoxia-induced seizures (HIS) are associated with a high incidence of epilepsy as 
well as cognitive disabilities later in life. Despite the significant long-term morbidity of HIS in 
the neonates, there is currently no specific treatment. Further, our understanding of how HIS 



changes the developmental trajectory of neuronal circuit development, and ultimately results in 
cognitive dysfunction, is still mostly unknown. Understanding the precise mechanisms by which 
HIS affects brain development, and how its effects can be ameliorated, can help us in designing 
the appropriate therapeutic approaches towards preventing the consequences of neonatal 
hypoxia. 
Using a combination of molecular tools, electrophysiological recordings and imaging techniques, 
we studied the affects of HIS particularly on inhibitory GABAergic synapse development in 
rodent neocortex. We determined that HIS affects the maturation of distinct GABAergic 
interneuron populations, parvalbumin (PV)-positive and somatostatin (SOM)-positive 
interneurons differentially in the neocortex and in the hippocampus. In particular, we show that 
PV expressing interneurons in the neocortex remain immature. This correlates with a reduction 
in gamma oscillation power during exploration, and with impaired working memory and social 
novelty recognition. We are currently investigating the molecular mechanisms involved, 
specifically looking at the role of neurotrophin receptor (p75NTR) mediated signaling pathways 
in ameliorating the deficits induced by HIS on GABAergic circuit development. 
All together, the knowledge we will gain from these experiments will pave the way for 
developing novel, targeted pharmacological interventions to prevent the severe and lasting 
consequences of perinatal HIS. 
Funded by CIHR, Heart and Stroke Foundation (Quebec) 
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Abstract: A growing body of evidence implicates cell surface glycoproteins in regulating 
synapse formation, stability and function in the central nervous system (CNS). 
Glycosylphosphatidylinositol-linked T-cadherin (T for truncated; also Cadherin-13; Cdh13) is 
prominent in diverse structures of the CNS. Variations in the human CDH13 gene have been 
associated with neuropsychiatric disorders, including addiction, bipolar-, autism spectrum- and 
attention deficit hyperactivity disorders. Mice generated to systemically lack Cdh13 gene 
expression show no overt neurological phenotypes under baseline conditions but display 
alterations in cue-based memory. In the hippocampus, T-cadherin immunoreactivity delineated 
pyramidal cell dendritic fields in stratum radiatum and lacunosum moleculare and the dendritic 
fields of dentate granule neurons. This pattern was reiterated in Cdh13Cre;Rosa26LSL-tdTomato 
reporter mice expressing the red fluorescent protein by recombination with Cre expressed in 
place of the first Cdh13 coding exon. The tamoxifen-inducible reporter strain was used to 
determine the neuron populations expressing T-cadherin during hippocampal development. At 
all stages examined, reporter fluorescence was induced in GAD67+ and VGAT+ interneurons 
while neurons classified as excitatory did not show the red fluorescent protein marker. Sub-
populations of interneurons expressing T-cadherin were further classified. In adult mice, 
Cdh13Cre;Rosa26LSL-tdTomato fluorescence was observed in interneurons expressing somatostatin 
(SST)+ and vasoactive intestinal polypeptide (VIP), but not in major populations of other 
interneuron types. We could not discern Cdh13Cre;Rosa26LSL-tdTomato expression in association 
with CA1 pyramidal neurons at any postnatal stage examined. In acutely prepared brain slices 
from mice systemically lacking T-cadherin, CA1 pyramidal cell dendritic spines were reduced in 
number, and fewer spines reached maturity. This correlated with significant reductions in 
synaptic transmission and CA1 long-term potentiation. Our data suggest that T-cadherin 
regulates maturation/function of interneuron populations intrinsic to the hippocampus and 
thereby modulates pyramidal neuron synaptic activity associated with aspects of hippocampal- 
based memory formation, processing or retrieval. 
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Abstract: Gap junctions in neocortex excitatory neurons have been demonstrated to interconnect 
the cells only during the development stage and enable propagation of electrical activity and 
small molecules and are suggested to have essential roles in the development of neuronal 
circuits. However, the roles of gap junctions in the development of neuronal circuits have 
remained to be elucidated, mainly due to technical difficulties in regulating the expression of gap 
junctions without affecting migration of neurons to the cortical plate. 
Here we achieved Tet-inducible knockdown (KD) of connexin-43 only during the early postnatal 
stage to avoid the effect of connexin-43 KD on the migration of neurons. The KD vector was 
transfected to V1 by in utero electroporation at E15.5 to induce the shRNA expression in layer 
2/3 excitatory cells, and the mice were administered with Dox to repress the expression of the 
shRNA with an exception of a developing period from P2 to P14. We found that connexin-43 
KD significantly decreased spine density of KD neurons. Further, we examined visual functions 
of connexin-43 KD neurons by using in vivo two photon calcium imaging. We found that 
connexin-43 KD resulted in sharper orientation selectivity. Furthermore, we found that reliability 
of the visual response was decreased by the KD. The higher visual selectivity and the lower 
response reliability in connexin-43 KD neurons may be attributable to a decrease in spine 
density. These results suggest that connexin-43 before visual experiences is essential for 
neuronal circuitry development and regulates the spine density for reliable computation. 
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Title: A role of presenilin in the developing visual circuit of Xenopus tadpole 
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Abstract: Presenilin (PS) is an interesting molecule that was first identified, and named, in the 
context of Alzheimer’s disease, but is now known to carry out a myriad of functions that are 
important during development. As the catalytic component of γ-secretase, PS is responsible for 
cleaving a wide range of substrates that are crucial for many phases of nervous system 
development, including neurogenesis, differentiation, and axon guidance. This suggests a global 
and multifaceted role for this molecule in the development of neural circuits. Here, to provide a 
comprehensive understanding of the roles PS plays in circuit development we use the Xenopus 
tadpole retinotectal projection as our model. This projection is the major component of the 
amphibian visual system. This model system allows for the function of a protein to be 
characterized across all stages of neural circuit development at the cell, circuit, and behavioral 
levels. First, western blot studies confirmed that PS is expressed in the tadpole optic tectum 
during the time when the retinotectal circuit is forming. To test the role of PS during the 
development of this circuit, PS function was inhibited globally by adding the PS blocker 
L685,458 (5µM) to the tadpoles’ rearing solution during development, or by electroporating a PS 
morpholino into the tectum to knock down PS expression specifically in the postsynaptic tectal 
neurons. We found that blocking PS function using either of these approaches significantly 
compromised visual avoidance behavior, which was quantified using an established moving dot 
test (control: 65.6% ± 5.9%, n=25; PS morpholino: 33.3% ± 4.9%, n=30). This suggests deficits 
in visual system function. To further identify the underlying pathology at the circuit level, we 
performed in-vivo whole cell electrophysiological recordings from PS-inhibited neurons. We 
found that PS morpholino-transfected neurons displayed significantly decreased peak current 
amplitudes in response to light-activated RGC input (control: 72.07 ± 11.01 pA, n=15; PS 
morpholino: 28.87±3.43 pA, n=16) while passive electrical properties such as resting membrane 
potential, input resistance, and capacitance were unchanged compared to control. This indicates 
that the decreased light responses could be due to compromised synaptic transmission. 
Preliminary data shows a modest yet significant increase in paired-pulse facilitation at the 
retinotectal synapse, indicating decreased probability of presynaptic transmitter release. Thus far, 
our results suggest a role for PS in the normal development and function of the tadpole visual 
system. 
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Title: Cortical layer 6b neurons selectively innervate higher order nuclei in the thalamus 
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Abstract: We studied the targeting of layer 6b projections to the thalamus by using a transgenic 
mouse line (Drd1a-Cre). The cortical Cre expression is selective to layer 6b and starts from early 
postnatal ages and continues to adulthood. The labelled cortical neurons in the Drd1a-
Cre::tdTomato line show an antero-posterior and medio-lateral gradient of expression level. 
15%±7 (mean±s.d.) of NeuN expressing neurons in layer 6b is labelled by Drd1a-Cre::tdTomato 
in S1 at P8. The labelled neurons are immunoreactive for Ctgf, neuroserpin and Cplx3. They do 
not co-localise with Lpar1-eGFP labelled subplate cells in triple transgenic mice. Using the 
Drd1a-Cre::tdTomato mouse we studied the targeting of the layer 6b projections from the entire 
cortical mantle to the thalamus and established that these projections selectively innervate the 
higher order thalamic nuclei (including PO, LP). This is similar to layer 5 thalamic projections, 
and in contrast to layer 6a. No labelled projections were found contributing to the corpus 
callosum. Using Cre-dependent eYFP expressing AAV virus tracing from S1 revealed that layer 
6b neurons from this region project to PO, whereas those from M1 do not. We used serial two-
photon tomography based whole brain imaging in cellular resolution and quantified axonal 
projection pattern in the entire brain. The morphology and size of the terminals was compared 



with 6a and layer 5 thalamic terminals. The layer 6b subcortical projections do not form branches 
in thalamic reticular nucleus, similar to layer 5 projections. Our finding that layer6b projections 
selectively target higher order thalamic nuclei and develop a similar thalamic innervation pattern 
to layer 5 is an unexpected and novel discovery that has to be integrated into the current schemes 
of thalamocortical communication systems. Acknowledgements: ZM’s laboratory is supported 
by MRC (G00900901), BBSRC (BB/1021833) and The Wellcome Trust (092071/Z/10/Z). EG 
held an MRC Doctoral Studentship. YK is supported from a NARSAD Young Investigator Grant 
and NIH U01MH105971; PK from NIH R01DC009607 
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Abstract: Dorsal root ganglion (DRG) neurons relay nociceptive and thermoceptive, 
mechanoreceptive, and proprioceptive information to the central nervous system via different 
afferent axons. Different central projections establish interactions with different targets in the 
spinal cord, such as large proprioceptice fibers transiently synapse with the spinal motoneuorns 
at early development. Atypical cadherein Celsr3 plays a critical role in brain wiring including 
forebrain, hippocampus and spinal cord. Celsr3 mRNA is highly expressed in the DRGs, but its 
function in the central projections of DRGs is still not known. Here we study this issue by 
inactivating Celsr3 in DRGs with Wnt1-Cre. Using Celsr3-GFP transgenic mice, Celsr3 is 
identified to be expressed in different DRG cells. Upon Wnt1-Cre activation, Celsr3 is 
conditionally removed in DRG cells and some sensory neurons in the dosal spinal cord. In Wnt1-
Cre;Celsr3f/- mutants, the sensory process is abnormal; the distribution of central projections of 
DRG neurons is studied using DiI tracing and immunostaining and showed different from the 
control samples. Furthermore, Transient synapses between Ia afferent fibers and spinal 



motoneurons behave somewhat abnormalities in the mutant. In conclusion, Celsr3 is involved in 
axonal targeting of the DRGs in mice. 
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Abstract: The onset of electrical activity in a developing neural network is characterized by the 
acquisition of spontaneous oscillatory coordinated activity between large numbers of maturing 
neurons. Such coordinated neuronal activities play a pivotal role in the assembly of neuronal 
circuits and are characteristic of most developing neural systems as they have been observed in a 
wide array of peripheral and central tissues. Therefore, to understand how neural circuits form in 
the normal and pathological brain it is essential to understand the molecular and cellular 
mechanisms of synchronization in maturing cortical networks. Functional maturation of 
GABAergic neurons has been described to shape cortical dynamics, plasticity and synaptic 
wiring during the course of pre- and -postnatal development. For instance, the emergence of 
Giant Depolarizing Potentials (GDPs) has been shown to be driven by GABAergic transmission . 
Although GDP appearance has been described to depend on long-range GABA ‘‘hub’’ neurons 
(high functional connected neurons) in the hippocampus and to be responsible to orchestrate 
synchrony of hippocampal development nothing is known concerning their role in the maturation 
of the neocortex. This is an important issue given that both structures share common 
developmental programs including a similar sequence for the emergence of population 
coherence, but also since recent evidence indicates important differences especially regarding the 
origin of GABAergic neuron diversity. Therefore, understanding the function of these GABA 
hub neurons and their origin is a hallmark to elucidate mechanisms underlying cortical 



maturation. To this aim, we have applied a multidisciplinary strategy to our experiments 
including functional multineuron calcium imaging in vitro and in vivo, online computational 
analysis and electrophysiology, as well as mouse genetics in order to approach and to analyse the 
changes in cortical activity during the maturation of mammalian cortical networks. 
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Abstract: Early experience plays a critical role in the development of the nervous system, 
particularly the neocortex. For example, early exposure to persistent sensory stimuli, or loss of 
sensory inputs critically impacts cortical map formation and connectivity of cortical fields. While 
the types of modifications to the neocortex that occur when sensory input is altered during 
development have been well described, the underlying mechanisms that give rise to these 
changes are not well understood. In the current investigation we utilized a unique animal model, 
the small South American short-tailed opossum (Monodelphis domestica), to examine how early 
and complete loss of vision alters the expression pattern of genes involved in the formation of 
cortical fields and cortical connections. Importantly, the opossum is born extremely immature, so 
that bilateral enucleations can be made well before the retinal ganglion cells have reached the 
diencephalon and before thalamocortical axons have reached their targets in the neocortex. Thus, 
using this model organism we can examine how this very early loss of vision alters the 
expression of key genes involved in axonal guidance, cortical arealization, and cortical 



connectivity within primary somatosensory and visual cortices at several key developmental 
stages. In these studies, Monodelphis domestica were bilaterally enucleated at P4 (equivalent to 
embryonic day 15 in mice) and the effects of this manipulation were examined just after eye 
opening (P36). The expression of several genes (Ephrin A5, COUP-TF1, RZRβ, ID2, Cad8, and 
EphA7) was measured by real-time qPCR from microdissected primary somatosensory and 
visual cortical tissue. All microdissections were histologically verified. As a first step toward 
understanding the mechanisms through which early sensory experience helps construct the 
developing cortex, we also examine epigenetic modifications that may function to program the 
expression of these genes involved in directing cortical development and connectivity. 
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Abstract: Sensory cortices are considered to possess similar laminar architecture, however 
earlier studies by Andersen et al. (Brain Res., 1252, 130-142, 2009) had suggested that primary 
auditory cortex (A1) might differ from primary somatosensory and visual cortexes (S1 and V1) 
based on the staining pattern observed using cytochrome oxidase and acetylcholinesterase. In the 
past, we lacked information that could help us define each layer and neuronal subtypes using 
specific genetic markers. However, today, such information is available for some of the genes 
(Molyneaux et al., Nat. Rev. Neurosci., 8, 427-437, 2007). 
In this experiment, we used different specific lamina markers to study the lamination between 
A1 and S1 during postnatal development. We used antibodies against Cut-like homeobox 1 
(Cux1), COUP-TF-interacting protein 2 (Ctip2), and Forkhead-box protein 2 (Foxp2) to identify 
layers 2-4, 5, and layer 6, respectively. The results show that the lamination between the two 
cortices were significantly different. At postnatal day (PD) 5, the cortical proportion of layer 5 
and that of layer 6 were ~15% wider and ~10% narrower in presumed A1 compared to presumed 
S1, respectively. This contrasting proportional difference remained throughout development until 



the adulthood. Thus, from PD 10 through PD 60, layer 5 proportion was ~13% wider in A1 
compared to S1. The difference in layer 6 proportion became slightly smaller with ~7% narrower 
laminar thickness in A1 than S1. The proportion of layers 2-4 was ~10% narrower in A1 
compared to S1. 
Ctip-2 immunopositive cells, which are reportedly subcortical projecting neurons, were 
distributed sparsely in A1 at any ages, while they distributed more homogeneously in the lower 
portion of layer 5 in S1. Retrograde labeling of neurons projecting to contralateral A1 (cA1) and 
ipsilateral inferior colliculus (iIC) indicated that the labeled neurons were intermingled in layer 5 
of A1. Some of the commisural A1 projection neurons were also present in FoxP2-defined layer 
6. iIC projection neurons were located in layer 5 with Ctip2-positive neurons below the upper 
layers defined by Cux1 and above layer 6 defined by Foxp2. 
Our studies suggest that laminar thickness and projection neuron distributions in A1 differ from 
those in S1. 
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Abstract: Neuronal networks relay sensory information and process motor responses to control 
vital functions. The sensorimotor circuits are established during development and depend on 
spatially- and temporally-ordered sequence of neuronal specification, migration and 
connectivity. Cell lineage studies have started to correlate early rhombomeric subdivisions to 
adult neuronal connectivity maps in the brainstem demonstrating that regional patterning along 
the anteroposterior (AP) axis and neuronal subtype specification along the dorsoventral (DV) 
axis intersect to specify neuronal fates. Hox genes, besides conferring AP identity during 
hindbrain segmentation, regulate the specification, the stereotypic neuronal migration and axon 



pathfinding as well as topographic connectivity of different sensorimotor neurons along the DV 
axis in a rhombomere-specific manner. We have used a b1r4-Cre mouse line to genetically label 
rhombomere 4 (r4) and followed all r4-derived neuronal populations and axonal tracts at 
different stages from their embryonic origin to the adult final location and targets. We have 
demonstrated that a rhombomere-specific Hox code controls the assembly of distinct functionally 
segregated sub-circuits in the developing auditory brainstem. R4 contributes to the majority of 
the auditory nuclei required for sound transmission and amplification, and to the establishment of 
two efferent feedback sub-circuits involved in the protection from acoustic overstimulation. In 
the vestibular system, r4 gives rise mainly to the vestibulospinal projection neurons and in 
particular to the lateral vestibulospinal tract, the principal pathway that conveys vestibular 
information to limb-related spinal motor circuits. Moreover, r4 contributes to the specific 
topographic trigeminal pathway to the thalamus associated with the r4-derived spinal trigeminal 
oral sub-nucleus. In this study, we use a novel r4-Flippase mouse and several subtype-specific 
Cre-recombinase lines of different DV domains to characterize by intersectional fate mapping 
the specific contribution of r4 sub-domains to distinct sensorimotor systems. The intersectional 
genetic strategy will enable to label and capture selected neuronal populations and to identify, 
through genomic approaches, novel factors of single rhombomere-specific DV domains. Our 
overall aim is to dissect the molecular and cellular mechanisms allowing proper cell fate 
specification, migration and connectivity of sensorimotor neurons originating from rhombomere 
4. 
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Abstract: There is substantial evidence that adult brains are organized into parsimonious and 
optimally connected small-world and scale-free networks, which facilitate efficient processing of 
sensory information and cognitive performance. In contrast, little is known about the dynamic 
development of these networks in early life, their progressive optimization and neural 
computation across incompletely myelinated and redundantly connected circuits. Furthermore, 
there is limited systematic evidence that core networks, which are involved in cognitive function 
that is critical for survival, may develop at distinct rates from those involved in higher-level 
function. Using longitudinally acquired electrophysiological (EEG) data measured at <12 months 
and 36 months from 58 typically developing infants, this study investigated changes in the 
organization of distributed functional network activation in response to emotionally salient faces 
(happy, angry, fearful and neutral (only at 36 months)) during early development. A significant 
increase in network connectivity in response to fearful faces (compared to happy and angry 
faces) was estimated both at <12 months (p<0.001) and 36 months (p<0.01) across neural 
oscillations. This indicates that the mechanisms underlying network activation in response to fear 
may be in place at birth or the first few months of life. However, differential clustering in 
connectivity was also estimated in oscillation-specific networks, including higher connectivity in 
frontal areas in the gamma network and higher connectivity in parieto-occipital areas in the alpha 
network. A significant decrease in the number of network connections was estimated from <12 
to 36 months across oscillations (p<0.001). Finally the lowest number of network connections 
was estimated in response to neutral faces (p<0.0001). These findings suggest that differential 
network activation in response to fearful faces occurs as early as 5 months and persists 
consistently during the first 3 years of life, although functional network topologies change 
dynamically during this period becoming increasingly sparse and clustered in a frequency-
specific manner. 
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Abstract: In the visual system, neuronal connections are organized topographically to preserve 
the spatial order of the visual scene. In associative visual centers, topographic projections from 
multiple areas must be aligned to facilitate integration. However, the mechanisms by which 
alignment is achieved remain poorly understood. The superior colliculus (SC) integrates visual 
inputs from retinal ganglion cells (RGCs) and Layer 5 neurons of the primary visual cortex (L5-
V1), each of which are organized topographically and in register with one another. Previous 
studies suggest that RGCs instruct L5-V1 alignment in a manner dependent on spontaneous 
retinal activity, however, the underlying mechanism of activity-dependent instruction remains 
unclear. To explore possible mechanisms and generate testable hypothesis, we have developed 
novel computational framework to describe visual map alignment in the SC. Similar to existing 
models of retinocollicular map formation, our model of alignment consists of three major 
components: chemoaffinity (interaction between Ephin-A/B and Eph-A/B), axon competition 
and activity dependent plasticity. We were able to adopt existing chemoaffinity and axon 
competition components with subtle changes to replicate in vivo organization of L5-V1 inputs. 
To explore the mechanism of activity-dependent alignment, we developed two models, each of 
which are able to replicate in vivo experimental findings. The first model is based on assumption 
that spiking activity of SC neurons is driven exclusively by RGC inputs, with no contribution 
from V1 axon activity. This model effectively simulates map alignment under wild type (WT) 
conditions, as well as under conditions in which the retinal map is duplicated, as in Islet2-EphA3 
knock-in mice (Isl2EphA3) and disruption of retinal activity, as in mice lacking the beta2 subunit 
of the nicotinic acetylcholine receptor (β2-/-). However, this model fails to replicate in vivo 
findings in combination Isl2EphA3/β2-/- mice unless the spatial correlation parameter is increased 
7-fold over reported values in the retina. In a second model, we assumed that SC neurons are 
driven by both RGCs and V1 inputs, but RGCs inputs significantly stronger. Remarkably, this 
model is able to simulate L5-V1 projection patterns in the SC of WT, Isl2EphA3, β2-/- and 
Isl2EphA3/β2-/- mice with minimum additional assumptions. We then used embarrassingly parallel 
computing on 1048 cores cluster to study robustness of both models. These novel computational 
models of visual map alignment in the SC suggest an activity-dependent mechanism of map 
alignment in which V1 inputs contribute to SC spiking activity during development. 

Disclosures:  R.A. Tikidji-Hamburyan: None. T. El-Ghazawi: None. J.W. Triplett: None. 



Poster 

678. Sensory Systems Development: Activity and Circuits 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 678.11/D23 

Topic: A.08. Development of Motor, Sensory, and Limbic Systems 

Support: 2014CB846100 

 31271203 

 81371496 

Title: Distinct developmental patterns in attentional selection and suppression 

Authors: *E. WANG1, M. SUN1, Y. TAO1, J. HUANG1, L. SUN2, Y. SONG1;  
1State Key Lab. of Cognitive Neurosci. and Learning, Beijing Normal Univ., Beijing, China; 
2Peking Univ. Sixth Hosp. / Inst. of Mental Hlth., Beijing, China 

Abstract: Searching through a visual scene requires a number of complex processes, such as 
covert spatial attention, which must be utilized to enhance processing of the attended items while 
simultaneously irrelevant items must be ignored. Although covert visual spatial attention is very 
important in many everyday situations, little is known about whether and how covert spatial 
attention differs in children compared to adults. The current study sought to identify the 
neurophysiological bases of development in covert spatial attention, focusing on 
electroencephalographic (EEG) markers of attentional selection (N2pc) and suppression (PD). 
EEG data were collected from healthy young adults (aged 20-28 years) and typically developing 
children (ages 9-15 years), while they searched for a shape singleton target either with the 
absence (Experiment 1) or presence (Experiment 2) of a task-irrelevant color singleton distractor. 
The results showed that the shape target elicited a prolonged and smaller N2pc in children (n = 
25) compared to adults (n = 28) in Experiment 1, and the N2pc delay might be caused by the 
early P1 component. Moreover, the target-elicited N2pc was followed by a similar positivity in 
both children and adults. In Experiment 2, we replicate the reduced target-elicited N2pc in 
children. Counterintuitively, the salient-but-irrelevant color distractor elicit a larger PD in 
children (n = 22) than in adults (n = 31). We found no evidence for a correlation between the 
reduced target-elicited N2pc and the increased distractor-elicit PD in children. Our results provide 
neurophysiological evidence that covert spatial attention in children of 9-15 years old is still 
undergoing significant development. Compared to adults, children deploy insufficient attention 
resources to the targets and use more attentional suppression to resist to the silent-but-irrelevant 
distractors. However, the development of target selection and distractor suppression might 
depend on distinct cognitive mechanisms. 
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Abstract: The optical axis in the eyes varies between individuals, however, the anteroposterior 
axis of the visual field map in the brain precisely matches the spatial axis of the outer world. It 
suggests that sensory experience calibrates the antero-posterial axis of the visual field map. The 
anteroposterior perception is a feature of the bilaterally-symmetric animals. It predicts that the 
anteroposterior axis in the visual field map is calibrated utilizing some features of the bilaterally-
symmetric animals. We previously found that the forward-directed optic flow, unique to the 
bilaterally-symmetric, calibrates the anteroposterior organization in the visual field map. In the 
mechanism, the retinal ganglion axons (RGCs) activated earlier are connected to the cells in the 
brain that perceive anterior vision. Thus, the anterior-posterior axis in the space is transformed 
into the sequential order of RGC activities, which is further transformed into the sequential 
projection of RGC axons, in a Spatial-Temporal-Spatial (STS) transformation manner. This 
temporo-spatial linkage reflects the natural situation in which objects in the optic flow move in 
the anterior to posterior direction Hiramoto & Cline, 2014). NMDARs are a key molecule that 
converts the sequential order of synaptic transmission into the directionality of synaptic plasticity 
through its bimodal properties, suggesting that NMDAR activity is a core event that links the 
sequential order of retinotectal synaptic transmission with the directionality of RGC axon 
movement. To test this, we stimulated two groups of RGC axons in a sequence and analyzed the 
retinotectal axon branch tip shifts in the tectum while manipulating NMDAR activity. We found 
that attenuating NMDAR inverts the directionality of branch shift induced by temporally ordered 
convergent inputs. This shows the role of NMDAR in the transformation of the sequential order 
of afferent activity in the temporal domain into the sequential spatial organization of the visual 
field map and the potential to change the transformation rule through the attenuation of NMDAR 
activity in other circuits. 
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Abstract: Ligand-gated ion channel N-methyl-D-aspartate receptors (NMDARs) are major 
excitatory neurotransmitter receptors in the mammalian brain. Mutations in the genes encoding 
NMDAR subtypes GluN2A/2B (GRIN2A/2B) are implicated in neurological diseases including 
epilepsy and intellectual disability. NMDARs have critical developmental and functional roles in 
the central nervous system. We have investigated the mechanisms by which NMDAR function, 
structure, and expression are altered by 25 missense mutations or rare (less than 1%) variants in 
the GluN2A and GluN2B agonist binding domains, which also include 3 unpublished mutations. 
Most of the mutations in GRIN2A were identified in patients with epilepsy or seizure disorders. 
When these missense mutations were introduced into recombinant human NMDAR subunits, 
they caused significant decreases in receptor expression and/or function. Furthermore, several 



mutations in both GRIN2A and GRIN2B increased functional properties of NMDARs but 
reduced cell surface expression, which in the absence of homeostatic compensatory mechanisms 
might cause an overall reduction in NMDAR activity. It is important to note here that GRIN2A 
and GRIN2B mutations affected NMDARs through related mechanisms, but were associated 
with different neurological disorders and had different response to NMDAR modulators. Taken 
together, this study elucidates mechanisms by which mutations in both GluN2A and GluN2B 
alter the agonist binding domain and could be relevant for the different disorders observed in 
patients with GRIN2A vs GRIN2B mutations. 
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Abstract: It is known that early visual deprivation leads to impaired vision in adulthood. It has 
also been shown extensively that monocular deprivation during a defined developmental critical 
period in visual cortex results in a phenomenon known as ocular dominance (OD) plasticity. 
Until now OD plasticity has been assumed to be synonymous with the critical period for the 
development of visual acuity. Here we show that although related, the critical period for visual 
acuity is distinct from the critical period for ocular dominance plasticity. The critical period for 
visual acuity occurs much earlier than previously thought. Brief monocular deprivation before 
the onset of OD plasticity (about 1 week after eye opening) produces an unexpected, long-lasting 
reduction in cortical acuity, whereas equivalent deprivation during OD plasticity has no 
persistent effect. Thus the well-studied critical period for OD plasticity is not coincident with the 
critical period for acuity development. We also show that enhancement of intracortical inhibition 
at this early time point, previously shown to activate precocious OD plasticity, disturbs the 
development of acuity. Further, early visual deprivation also altered subsequent OD plasticity, 
making it resemble adult plasticity. Thus although distinct, the acuity critical period and the OD 
plasticity critical period are clearly linked. Taken together, these results show that the critical 
period for visual acuity occurs earlier than previously thought, but is important for the 
subsequent development of normal OD critical period plasticity. Other developmental disorders 
of the brain may also involve early periods of vulnerability that precede the expression of 
measuable plasticity and overt disorganization of neural function. 
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Abstract: Cytoplasmic polyadenylation element binding protein 3 (CPEB3) regulates target 
RNA translation in neurons. Here, we examined CPEB3 distribution and function in the retina. 



CPEB3 is expressed in retinal neurons, including those located in the inner nuclear layer (INL) 
and ganglion cell layer (GCL), but not in photoreceptors and retinal pigment epithelia. Retinal 
neurons display spatial arrangements in order. Many individual subtypes are organized non-
randomly in patterns called mosaics. Among them, CPEB3 was detected in cholinergic starburst 
amacrine cells (SACs) and calbindin-positive horizontal cells (HCs). Despite the presence of 
CPEB3 in both populations of SACs, OFF SACs in the INL and ON SACs in the GCL, CPEB3-
knockout (KO) retina showed aberrant mosaic spacing only in ON SACs. Molecular 
characterizations identified that translation of multiple epidermal growth factor 10 (Megf10) 
RNA was suppressed by CPEB3 during the first week of postnatal development when MEGF10 
is restrictedly expressed in SACs and mediates homotypic repulsive interactions for mosaic 
arrangement. Thus, elevated MEGF10 expression in the absence of repressor CPEB3 likely 
accounts for defective spatial organization of ON SACs. 
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Abstract: Visual cortical areas in the adult mammalian brain are linked by a network of 
interareal feedforward (FF) and feedback (FB) circuits that refine from an immature state. We 



studied the postnatal refinement of FF projections from ferret primary visual cortex (V1) to 
multiple cortical targets during the period from just before eye opening (4 weeks) to 10 weeks. 
Our aim was to determine (a) whether the developmental refinement of FF projections parallels 
that of FB cortical circuits, and (b) whether FF pathways from V1 to different target areas refine 
with a similar rate. We injected the bidirectional tracer CTb into V1 of juvenile ferrets, and 
visualized the distribution and pattern of orthogradely labeled axon terminals in extrastriate 
cortex. We analyzed the refinement of FF terminals in each target area by quantifying the density 
of labeled synaptic boutons and axonal processes, and interbouton intervals along individual 
labeled axons. As early as 4 weeks of age, orthogradely labeled FF axon terminals were found in 
areas 18, 19, 21, and (Suprasylvian cortex) Ssy. Orthogradely labeled axons and retrogradely 
labeled FB cells were organized into overlapped clusters, indicating reciprocal FF and FB 
connections of each extrastriate area with V1 (though FB label was always more extensive). 
Bouton density of FF projections to target areas 18, 19, and 21 declined steadily from 4 to 8 
weeks postnatal. However, in area Ssy this decline was delayed somewhat, not occurring until 
after 6 weeks of age. Mean interbouton intervals along individual FF axons to all visual areas 
increased over the same postnatal period (6-8 weeks). Similarly, we observed a concomitant 
moderate decrease in axon density in areas 18, 21, and Ssy during this postnatal period. Thus the 
decline in bouton density is partly attributable to a reduction in axon density (pruning of 
supernumerary axon collaterals) as well as a loss of boutons along individual axons (leading to 
larger interbouton intervals). These data suggest that FF circuits from V1 to its main extrastriate 
target areas remodel largely synchronously in the weeks following eye opening. Furthermore, 
both FF and FB cortical circuits share a broadly similar developmental timecourse in the weeks 
following eye-opening; this suggests that postnatal visual experience is critical for the refinement 
of both FF and FB cortical circuits. However, the refinement of FF projections from V1 to its 
targets appears to be delayed 1-2 weeks relative to the refinement of FB projections from those 
targets to V1. 
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Abstract: The Habenula (Hb) is an evolutionary conserved brain structure, subdivided into 
different nuclei, that is shown to play an important role in associative learning, stress, mood 
disorders as well as in social interactions such as aggression. Our laboratory has recently 
highlighted the presence of highly structured spontaneous activity in the habenular neurons. This 
activity might have a potential role in processing sensory stimuli and comparing this information 
with the animals’ internal behavioral states (such as fear, arousal, stress etc.). The behavioral 
repertoire of animals evolves and maturates throughout development. For example, it was 
recently shown that complex social interactions progress during zebrafish development. Similar 
studies in the past also provide evidence for increased performance at associative learning tasks 
across different developmental stages in zebrafish. 
In this project we aimed to study how spontaneous and sensory driven activity changes 
throughout development, what mechanisms are underlying these changes and what would be the 
consequence of these changes with respect to neural computations. In order to achieve this, we 
measured the activity of habenular neurons at several developmental stages. Our preliminary 
results suggest a strong change in firing rates of habenular neurons as well as a prominent 
reorganization in the spatio-temporal patterning of habenular activity. We are currently further 
investigating transformations in habenular architecture that could underlie these functional 
changes and how this might link to the changing behavioral repertoire of developing zebrafish. 
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Abstract: The mammalian neocortex comprises of diverse neurons that can be classified into six 
major layers according to their gene expression profiles, connectivity, and dendritic patterns. 
These neurons are generated from progenitor cells that reside in the ventricular zone in a fixed 
temporal order. Lineage tracing experiments of early cortical progenitors have shown that a 
single progenitor cell can contribute to neurons of multiple layers [Eckler et al., 2015]. 
Furthermore, reports have also demonstrated that upper-layer neurons can be reprogrammed to 
deep-layer neuron identity after they migrate into the cortical plate [De la Rossa et al., 2013], 
raising the possibility that neuronal identity also utilize cues during the post-mitotic stages. In 
addition to transcriptional regulation, layer IV neurons require thalamocortical inputs for 
dendritic development and cellular rearrangements, but the relationship between genetic codes 
and neuronal activity, as well as the critical time window for layer IV neuron specification 
remain largely elusive. To assess the contribution of intrinsic and extrinsic mechanisms in 
neocortical neuron development, we inhibited neuronal activity during the early stage of 
neocortical layer IV neuron differentiation. Our results indicate that the reduction of neuronal 
excitability affects both the integration and dendritic maturation of layer IV neurons. We further 
elucidate the crosstalk between intrinsic and extrinsic cues for layer IV neuron maturation. 
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Abstract: Primary visual cortex (V1) is organized into functional maps that represent specific 
features of visual stimulus such as preferred orientation and spatial frequency. Recent studies 
reported that the structure of a cortical functional map is strongly correlated to the local 
organization of ON and OFF afferents from the retina and thalamus (Lee et al., 2016; Kremkow 
et al., 2016). In addition, another study suggested that the geometry of these functional maps in 
the same cortical area may be correlated to each other, as in the case between the preferred 
orientation and spatial frequency maps (Nauhaus et al., 2012). Here, we suggest an idea that the 
quasi-regular structure of ON and OFF retinal ganglion cell (RGC) mosaics seeds various 
functional maps in V1, in a way that their geometries are systematically correlated to each other 
as observed in previous studies. Using computer simulations of model retinal mosaics and visual 
cortex, we could successfully reconstruct the systematic organizations of orientation, direction 
and spatial frequency maps in V1 with an identical set of ON and OFF RGC mosaics, and could 
explain geometrical relationships between different maps. 
A previous model proposed that orientation map can be seeded by moiré interference between 
ON and OFF RGC mosaics (Paik & Ringach, 2011). The model assumed that the preferred 
orientation is determined by the alignment of an ON-OFF dipole—a pair of neighboring ON and 
OFF RGCs. Based on this model, we showed that the preferred direction and spatial frequency of 
a V1 neuron can be determined by the direction and size of a dipole. In the moiré interference 
pattern, we observed the dipole properties - alignment, direction and size - were spatially 
correlated, and this originated correlation between the functional maps. First, the direction of 
dipole flips at the center of iso-orientation domain, resulted in the subdivision of the domain into 
two opposite direction domains as previously reported (Weliky et al., 1996). Next, the spatial 
gradation of the alignment and the size of dipole were correlated orthogonal to each other in 
moiré interference, and this induced the perpendicular intersection between the contours of 
orientation and spatial frequency maps as observed (Nauhaus et al., 2012). These results indicate 
that the moiré interference of retinal mosaics may seed various functional maps in V1 and 
correlate them systematically. 
Our model, for the first time, offers a common developmental mechanism for the various 
functional maps in V1 and explains their structural correlations. This suggests that the structure 
of periphery in sensory system may determine the basic framework of cortical functional circuits. 
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Abstract: The development of topographic maps is known to require both molecular cues and 
activity-dependent mechanisms. In addition to the topographic map, there is an additional level 
of subcellular topography involving different sets of axons targeting specific regions of an 
individual dendrite. However, the mechanism that guides different axonal inputs to different 
regions of the dendrite is not clear. Here, We address this in the tadpole optic tectum, where 
tectal neurons receive both visual and non-visual inputs. The visual inputs consistently innervate 
the distal region of the tectal dendrite, while the non-visual inputs that enter the tectum via the 
hindbrain (HB) target the proximal region. Field-potential recordings from the tectal neuropil at 
stage 49 combined with axon imaging studies show that exposing tadpoles to the NMDA 
receptor antagonist MK 801 (25uM) at the stage when retinal ganglion cell (RGC) and HB axons 
arrive to the tectum (stage 39) disrupts lamina-specific targeting of RGC and HB axons, whereas 
blocking action potentials with the sodium channel blocker TTX (1uM) did not. Furthermore, 
rearing tadpoles in MK 801 after the circuit has formed (stage 45) did not disrupt the normal 
spatial pattern of RGC and HB inputs along the tectal neuropil. These results indicate that the 
formation of subcellular dendritic topography of multisensory inputs, but not their maintenance, 
depends on NMDAR activation. The requirement of NMDAR activation for subcellular 
topography suggests that this process is competition-dependent. To test this, we disrupted axon 
competition by monocular enucleation at stage 34. Monocular enucleation experiments revealed 
that mechanosensory axons are less focused in space and extend into the vacant dendritic region 
that is normally occupied by RGC axons, thus confirming the role of competition between two 
sensory inputs for dendritic real estate. 
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Abstract: Omega-3 fatty acids (O3FA), including docosahexaenoic acid (DHA) and 
eicosapentaenoic acid (EPA), play a critical role in the maturation and stability of neuronal 
circuits throughout life stages. O3FA are essential structural components of membranes and 
serve major functions in synaptic function. Here we investigated how O3FA-enriched diet affects 
visual system function and its plasticity in mice. Pregnant female mice from C57BL/6 
background were fed either O3FA-enriched or standard rodent chow diet starting approximately 
from embryonic date E10.5 and throughout the lifespan. When compared to 6-8 week-old control 
mice, O3FA-fed animals showed significantly higher contents of DHA and EPA in brain tissue. 
Interestingly, EPA is not supplemented in the experimental diets yet significantly higher in the 
O3FA-fed mice compared to controls. These differences were present even in aging animals 
(postnatal day (P) 500). No differences were detected across feeding paradigms in the general 
health and weight of the mice suggesting no detrimental effects of a chronic exposure to an 
O3FA-enriched diet. Visual evoked potentials (VEP) were then evaluated. VEP were first 
recorded from anesthetized animals at the peak of the critical period for visual cortex (P24-34). 
No significant differences were revealed in the response to low spatial frequency stimulus and 
spatial visual resolution across the two feeding paradigms. The effects of O3FA-enriched diet 
were assessed on the expression of ocular dominance plasticity by short term monocular 
deprivation (MD, 4 days) at P24-P28. Surprisingly, O3FA-fed mice did not show a depression in 
the response of the deprived eye to the low spatial frequency stimuli despite exhibiting a 
significant loss in spatial acuity. Cortical inhibition mediated by parvalbumin interneurons (PV) 
enwrapped by specialized extracellular matrix, perineuronal nets (PNN), control the expression 
of ocular dominance plasticity. Immunohistochemistry analysis revealed a significant decreased 
in PV intensity after MD in chow- but not in O3FA-fed mice. Visual function was then analyzed 
in adult (P150-200) and aging (>P500) mice. There was an age-dependent decrease in VEP 
response in chow-fed mice that was prevented by the O3FA-enriched diet. VEP amplitude was 
significantly increased in response to all spatial frequencies, resulting in a higher visual acuity in 
the aging O3FA-fed mice. Interestingly, the PV and PNN circuits in aged mice had a significant 
increase in PV and PNN intensity in O3FA-fed mice compared to age matched chow-fed mice. 
Overall, these results suggest a possible neuroprotective effect of O3FA-enriched diet on visual 
function. 
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Abstract: Mutations in the CNTNAP2 gene have been associated with a wide spectrum of 
neurobehavioral outcomes and a number of neuropsychiatric disorders. Behavioral phenotypes 
have been characterized in Cntnap2-NULL mice, but the complete loss of CNTNAP2 in mice 
may not fully model the consequences of heterozygous deficiency of the gene as observed in 
humans. Disease-related features reported in adult mice raise the question of whether similar 
findings would manifest during early stages of life. In addition, sex-specific differences due to 
the loss of Cntnap2 in rodents are poorly understood. Given the availability of a novel Cntnap2 
loss-of-function rat model, we set out to characterize behavioral phenotypes in juvenile male and 
female rats with either the loss of one (HET) or both (NULL) copies of Cntnap2. We found that 
juvenile Cntnap2-HET and -NULL rats display multiple neurobehavioral deficits, including 
increased obsessive compulsive-like behaviors, increased play behavior, hyperactivity, and an 
increased acoustic startle response. In some cases, behavioral impairments appeared to manifest 
only in rats that completely lacked CNTNAP2. Furthermore, sex-specific differences were 
observed only in the number of ultrasonic vocalizations emitted during play behavior. In 
comparison with reported findings in the Cntnap2 mouse model, our study indicates that 
Cntnap2 deficiency in the rat results in different behavioral outcomes with the exception of 
hyperactivity. Taken together, these findings provide insight into the consequences of Cntnap2 
deficiency in a complementary, evolutionarily divergent rodent species and suggest common 
Cntnap2-mediated behavioral phenotypes among genetic rodent models may be useful 
behavioral outcome measures in preclinical studies. 
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Abstract: Over-activation of mTOR signaling has been implicated in pediatric neurologic 
disorders as well as in adult neurodegenerative disease. However, very little is known about the 
effects of chronic mTOR inhibition in the brain. We have recently discovered a novel pediatric 
intellectual disability syndrome, TBCK-associated encephalopathy, uniquely characterized by 
mTOR over-inhibition. Our cohort of patients with homozygous null TBCK mutations present 
with progressive central and peripheral neurodegenerative features. Intriguingly, they also 
exhibit mitochondrial dysfunction, including mtDNA (mitochondrial DNA) depletion. Given that 
TBCK knockdown leads to downregulation of mTORC1, which is known to regulate oxidative 
phosphorylation, mitochondrial biogenesis, and mitophagy, we hypothesize that TBCK 
deficiency causes a severe neurodegenerative phenotype due to chronic mTORC1 inhibition 
resulting in progressive mitochondrial dysfunction. Specifically, our preliminary data show 
downregulation of mitochondrial biogenesis via PGC1-alpha, decreased mtDNA copy number, 
and upregulation of mitophagy in TBCK-/- fibroblasts. Therefore we propose to further 
characterize the mitochondrial defects in TBCK-/- fibroblasts and the effects of mTOR 
modulators. We then propose to generate TBCK-/- IPSC-derived neurons and test the effects of 
mTOR and mitochondrial targeted therapeutic interventions. This work could elucidate a 
fundamental disease mechanism in neurodegeneration, where mTOR dysregulation and 
mitochondrial defects are almost invariably found. 
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Abstract: Regulation of chromatin structure and DNA packaging plays a critical role in gene 
expression. Recent exome sequencing of aAutism trios has revealed that coding mutations in the 
gene encoding the chromodomain helicase DNA binding protein protein 8 (CHD8) results in 
macrocephaly, aberrant craniofacial morphology, mild-to-severe cognitive impairment, seizures, 
gastrointestinal problems and autism. The macrocephaly phenotype has been recapitulated in 
zebrafish. However, the molecular mechanisms underlying how loss of CHD8 results in 
macrocephaly, intellectual disability and autism are unclear. Toward this end, we generated a 
ChdD8 mutant mouse using the Cas9/CRISPR system at a position 5’ of the majority of human 
mutations identified in autism exome sequencing studies. Similar to previously reported, 
homozygous deletion of ChdD8 is embryonic lethal in mouse. To uncover how 
haploinsufficiency of ChdD8 results in aberrant brain development we profiled forebrain gene 
expression patterns of ChdD8 heterozygotes (ChdD8+/-) and wild-type littermates during 
neurodevelopment by isolating forebrain at embryonic day (e)12.5, e14.5, e17.5, p0 and adults. 
We found significant changes in expression of early neurodevelopmental and differentiation 
genes in ChdD8+/- forebrain, including genes for RNA processing and chromatin organization. 
We further identified changes in genes that are low in expression early in development and that 
gradually increase during neuronal differentiation, including genes involved in synaptic 
transmission that are hallmarks of more mature neurons. Consistent with an altered expression of 
early neurodevelopmental genes, we found that ChdD8+/- mice have an increase in neuronal 



proliferation in the ventricular zone in at the peak of neurogenesis, at e13.5 by performing EdU 
incorporation. We observed increase at P7 in cortical length and cortical thickness utilizing 
whole mount imaging and Nissl staining. Cursory examination of cortical lamination reveal no 
obvious differences in layer specification in at postnatal day 1. Adult ChdD8+/- mice have no 
difference in interneuron cell types or interneuron counts. This study revealed transcriptional and 
neurodevelopmental mechanisms by which loss of ChdD8 results in macrocephaly, and suggests 
significant changes neurogenesis and synaptic processes that may underlie behavioral deficits. 
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Abstract: Interneurons are essential for the proper function of the neuronal circuitry of the 
cerebral cortex, and disruptions in interneurons have been identified as a key pathological target 
in several behavioral disorders, including autism and schizophrenia. We have previously shown 
in a mouse model of 22q11.2 Deletion Syndrome (22q11.2 DS), a neurodevelopmental syndrome 
strongly associated with autism and schizophrenia, that the migration of interneurons into the 
cortex is delayed and disrupted, leading to an aberrant distribution of interneurons in the cortex. 
This disruption in interneuron migration is due to dysregulated signaling via the Cxcr4 cytokine 
receptor, which has been shown to act via modulation of the mammalian target of rapamycin 
(MTOR) signaling pathway in several models of cell motility. We have used a conditional 
genetic approach to disrupt MTOR signaling in both LgDel and WT mice, by using a Dlx5/6-Cre 
line to specifically ablate either the MTOR-repressor Tsc2, or Mtor itself, specifically in 
interneuron precursors. We found that heterozygous loss of Mtor appears to amplify the 



migration defects normally observed in the LgDel cortex, with compound LgDel;Mtor+/- 
interneurons showing disorganized distributions; while the compound LgDel;Tsc2+/- cortex 
shows that few interneurons enter the cortex at E14. Thus, genetic complementation reveals that 
MTOR signaling appears to be disrupted in the LgDel cortex. MTOR signaling is itself 
implicated in behavioral disorders such as autism, and multiple genetic syndromes with autism-
like behavioral consequences have been described that involve Mtor and its interacting partners. 
Thus, it is possible that this signaling mechanism may be a point of convergence between 
22q11.2 DS and other, genetically distinct forms of syndromic behavioral disorders. 
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Abstract: Autism Spectrum Disorders (ASDs) are complex, highly heritable 
neurodevelopmental disorders affecting 1 in 100 children. Our research delineates the 
contribution of the ERK MAP kinase pathway to the pathogenesis of autism associated with 
copy number variation (CNV) of human chromosomal region 16p11.2. CNVs of the 16p11.2 
region are genetically linked to 1% of all ASDs. The 16p11.2 locus contains 27 genes, including 
the ERK1 gene (MAPK3). Mutations in upstream elements regulating the ERK pathway are 
genetically linked to autism and other disorders of cognition including the neuro-cardio-facial 
cutaneous syndromes (NCFC). ERK1 and its homolog ERK2 are central elements of the MAP 
kinase pathway governing neural development and synaptic plasticity. We provide direct 
evidence connecting the ERK kinases to the developmental abnormalities and behavioral deficits 
observed in the 16p11.2del mouse and show that treatment with novel ERK inhibitor rescues the 
aberrant pathophysiology in these mice. 



We report that the 16p11.2del murine model exhibits a reduction in brain and body size and 
perturbations in cortical cytoarchitecture similar to those observed in ERK KO mice. 
Importantly, we observed a paradoxical increase in ERK signaling in the 16p11.2del mice, which 
is coincident with the development of aberrant cortical cytoarchitecture. The 16p11.2del mice 
exhibit many abnormal behaviors including anxiety, hyperactivity and impaired memory. Since 
the aberrant ERK upregulation may be amenable to pharmacological intervention, we treated the 
16p11.2del mice with a novel, brain permeant ERK inhibitor. We employed two treatment 
paradigms: 1) prenatal, where pregnant dames were treated for 5 consecutive days starting at 
E10.5; 2) adult, where adult mice were treated for 5 consecutive days starting at P90. We report 
that prenatal treatment with the ERK inhibitor rescued developmental deficits in neurogenesis 
and cortical cytoarchitecture as well as aberrant behaviors in the 16p11.2del mice, whereas adult 
treated mice showed restoration of some behavioral deficits (e.g. hyperactivity). Importantly, 
these data suggest that dysregulation of ERK activity can be rescued by two mechanisms, 
developmentally (through the rescue of cell cycle regulators downstream of ERKs) and in adult 
mice, presumably due to its synaptic actions. 
Our findings provide strong evidence connecting the ERK MAP kinases to the developmental 
abnormalities in the 16p11.2 deletion. Based on the reversal of the anatomical and behavioral 
deficits in the 16p11.2del mouse model, we suggest that treatment with ERK inhibitors can lead 
to therapeutic interventions in patients with 16p11.2 CNVs. 
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Abstract: Neuroligins (NLs) are postsynaptic cell adhesion molecules that are related with 
autism spectrum disorders (ASDs). The neuroligin-3 (NL3) amino acid substitution (R451C) 
mutation was found in two brothers with ASDs in a Swedish family, and caused social novelty 
deficits in the specific mutation knock-in mice. The medial prefrontal cortex (mPFC), a brain 
region that is closely associated with neuropsychiatric disorders including autism. However, little 
is known about the roles of NL3 during the development of glutamatergic and GABAergic 
circuitry in mPFC, particularly the roles of NL3 that associated with fast-spiking (FS) 
interneurons. Here, our electrophysiology data demonstrated decreased N-methyl-D-aspartate 
receptors (NMDA receptors) function of pyramidal neurons and declined excitability of fast-
spiking (FS) interneurons in NL3 R451C knock-in (KI) mice. Additionally, the development and 
maturity of GABAergic synapses on pyramidal neurons and glutamatergic synapses on FS cells 
were abnormal in NL3 R451C KI mice compared with WT mice. Together, our findings suggest 
that the mPFC microcircuit dysfunction may contribute to the ASD-like phenotypes in NL3 
R451C KI mice. 
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Title: Generation and analysis of Rett syndrome model marmoset 
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Abstract: In the human brain, there are two major functional domains. One has been conserved 
in all mammals through evolution and governs fundamental functions such as reward, emotion 
and memory; the other is unique to primates, and is acquired through the enlargement of the 



cerebral cortex governing special functions such as tool use, language, and self-consciousness. 
Thus, to properly understand these brain functions, we need appropriate animal models for 
studying each function. Animal models that are used to analyze brain functions are different in 
each case. In the former, a reductive approach is adopted based on gene manipulation using 
models such as genetically-modified fish and rodents, while in the latter, the main approach is 
psychological and involves complex behavior analysis using non-human primates such as 
macaque monkeys. Many researchers believed that the complementary nature of genetic 
engineering technologies in rodent and fish models and cognitive neuroscience techniques in 
primate research would lead to progress in this research field. However, due to lack of 
appropriate animal models that can be analyzed in both aspects of the brain’s functions, contact 
points between these two approaches have been limited. 
The development of genetically engineered non-human primates has attracted attention for its 
potential to connect the two research fields. Recently, we succeeded in creating the world's first 
transgenic primate using marmosets. This technological breakthrough provides a potential 
paradigm shift by enabling researchers to analyze both the brain functional domains using 
various model marmosets. 
Currently, we are developing a technique for creating knockout marmosets using zinc finger 
nuclease (ZFN) technology. By combining this technique with the development of cognitive 
information for marmoset brain analysis, innovative MRI imaging technology and marmoset 
genetic analysis tools, we created and are analyzing MECP2 mutant marmosets suitable for 
research on Rett syndrome. MRI imaging shows that the brain size of MECP2 +/- marmoset is 
smaller than wild-type one by approximately 10% at 18 months of age. Use of MECP2 deficient 
marmoset will not only reveal pathogenesis of Rett syndrome, but also potentially contribute to 
future therapeutic strategies for Rett syndrome. 
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Abstract: Autism spectrum disorder (ASD) is a heterogeneous neurodevelopmental disorder in 
which it may be possible to stratify subtypes based on genetic mutations and behavioral profiles. 
Gene-based subtype identification recently discovered the chromodomain helicase DNA-binding 
protein 8 (Chd8) as a likely candidate for a specific subtype of ASD (Bernier et al., 2014, 
O’Roak et al., 2012, Talkowski et al., 2012 and Neale et al., 2012) with associative cognitive 
impairments, seen in approximately 60% of human cases with mutations in Chd8 (Bernier et al. 
2014). Genetic engineering via the Cas9/CRISPR system was employed to generate a 
constitutive Chd8 mutant mouse model. Briefly, synthetic guide RNA was injected along with 
Cas9 mRNA to mouse oocytes, and F0s carrying mutations were genotyped and bred to expand 
lines that harbored a mutation. We selected a line that harbors a short deletion in the fifth exon of 
Chd8 causing a frameshift resulting in a predicted loss-of-function allele. We evaluated this new 
line of mice with a constitutive mutation in Chd8 on a sequence of behavioral assays relevant to 
the diagnostic and associated symptoms of autism. Cognitive deficits were detected in the Chd8 
heterozygotes on two distinct learning and memory tasks, novel object recognition and fear 
conditioning. Social scores were normal on both 3-chambered social approach and male-female 
reciprocal social interactions with ultrasonic vocalizations. No spontaneous motor stereotypies, 
repetitive self-grooming or unusual levels of marble burying were detected in either genotype. 
Other behavioral assays conducted included two anxiety-related tasks, elevated plus-maze and 
light↔dark transitions, open field exploration, hot plate nociception, acoustic startle and 
prepulse inhibition, and measures of general health. Our behavioral impairments suggest loss of 
Chd8 is a contributing factor to the cognitive deficits seen clinically. These findings highlight the 
need to further examine this unique Chd8 mouse model with extensive pathophysiology and 
behavioral phenotyping efforts. 
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Abstract: Recessive truncating mutations in CNTNAP2 cause Cortical Dysplasia Focal Epilepsy 
(CDFE), a syndrome that is highly co-morbid with Autism Spectrum Disorder (ASD). 
Cntnap2/CASPR2 knock-out (KO) mice recapitulate core ASD deficits, including impaired 
communication and social interactions, as well as repetitive behaviors. KO mice also display 
seizures, decreased neuronal synchronization and neuronal migration abnormalities 
(Peñagarikano et al. 2011, Cell). To uncover the mechanisms underlying these phenotypes, we 
tested whether loss of Cntnap2 results in altered neuronal excitability, synaptic transmission, and 
microcircuit connectivity. We performed whole-cell in vitro slice recordings from L2/3 
pyramidal (Pyr) and parvalbumin (PV) inhibitory neurons of the medial prefrontal cortex 
(mPFC), an area important for social behavior. Surprisingly, intrinsic neuronal excitability of 
both cell types was not significantly different between wild-type (WT) and KO mice. We then 
tested whether loss of Cntnap2 affected synaptic neurotransmission by quantifying miniature 
excitatory and inhibitory postsynaptic currents (mEPSCs and mIPSCs, respectively) and found a 
two-fold decrease in mEPSC frequency on Pyr but not PV cells, and no significant change in 
amplitude for any of these measures. Moreover, cortical input mapping using laser scanning 
photostimulation (LSPS) with glutamate uncaging further revealed a drastic decrease in both 
excitatory and inhibitory functional synaptic connectivity. Paired recordings from connected 
excitatory and PV neurons also point toward a decrease in the size of unitary evoked inhibitory 
currents. We also performed anatomical studies which show that, while dendritic complexity is 
normal in Pyr KO neurons, there is a 20% decrease in spine density. Therefore, loss of Cntnap2 
affects local synaptic inputs and microcircuit connectivity in the murine mPFC and sheds light 
on a potential target for therapeutic interventions in the treatment of ASD. 
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Abstract: Atypical brain connectivity is a major factor in the pathophysiology of Autism 
Spectrum Disorders (ASDs). To model ASD we are studying the thousand and one amino acid 
kinase 2 (TAO2), known to play a role in neuron development and identified as part of a 
common ASD CNV region, 16p11.2. Initial studies reveal impairments in social interaction, a 
common finding in ASD models, and the presence of associated behavioural changes, including 
altered anxiety levels, impaired spatial and working memory, and alterations in contextual fear 
conditioning. These mice also have reduced basal level excitatory synaptic activity, corroborated 
by reduced dendritic arborisation and decreased dendritic spine numbers in the prefrontal cortex. 
Concurrently, whole genome sequencing of ASD families identified multiple de novo and rare-
inherited variants in TAO2. Expression of the de novo variants in cortical neurons revealed 
altered dendrite and spine morphology, and abnormal activation of known downstream signalling 
pathways. The identification of multiple functionally validated de novo mutations in TAO2 
highlights the significant impact of disruptions in TAO2. Further studies will aim to delineate 
targetable pathways downstream of TAO2 and their role in atypical brain connectivity. 
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Abstract: Recently, we have reported that animals with telomerase reverse transcriptase (TERT) 
overexpression exhibit reduced social interaction, decreased preference for novel social 
interaction and poor nest-building behaviors—symptoms that mirror those observed in autism 
spectrum disorders (ASD). Overexpression of TERT also alters the excitatory/inhibitory (E/I) 
ratio in the medial prefrontal cortex. However, the effects of TERT overexpression on 
hippocampal-dependent learning and synaptic efficacy have not been investigated. In the present 
study, we employed electrophysiological approach in combination with behavioral analysis to 
analyze hippocampal function of TERT transgenic (TERT-tg) mice in comparison to that of FVB 
controls. We found that TERT overexpression results in enhanced excitation with no changes in 
inhibition in the hippocampus and significantly impairs long-term synaptic plasticity. In addition, 
TERT-tg mice showed poor performance on the Morris water maze test, indicating disrupted 
hippocampal-dependent spatial learning. Interestingly, the expression levels of phosphorylated 
CREB and phosphorylated CaMKIIα were significantly decreased while the expression level of 
CaMKIIα was slightly increased in the hippocampus of TERT-overexpressing group. Our 
observations highlight the importance of TERT in normal synaptic function and behavior and 
provide additional information on a novel animal model of ASD associated with TERT 
overexpression. 
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Abstract: Maternally derived duplications or triplications of 15q11.2-q13 (Dup15q) are one of 
the most common genetic variations associated with autism spectrum disorder (ASD), detected 
in ~1-3% of cases. Overexpression of the ubiquitin protein ligase E3A (UBE3A) gene is believed 
to cause the symptoms observed in Dup15q, as there is a known role of UBE3A mutations or 
deletions as the causal determinant of Angelman Syndrome (AS). UBE3A expresses three 
isoforms with distinct amino terminal ends that exhibit differential localization and functions in 
neurons. Our initial neuroanatomical characterization studies focused on mouse Ube3a isoform 2 
(Ube3a2), as it is highly conserved and has been shown to selectively regulate dendritic 
morphogenesis. An inducible (Tetracycline-Off) transgenic mouse model of Ube3a2 (TRE-
Ube3a2) was generated and crossed to the CamKIIa-tTA transgenic mouse model (Jackson 
Laboratory #003010), which induces expression of the TRE-transgene in excitatory neurons in 
the forebrain. We hypothesized that neuronal forebrain overexpression of Ube3a2 would cause 
structural neuroanatomical phenotypes compared to wildtype littermate sex and aged matched 
controls, since neuroimaging in Dup15q patients indicated large hippocampal heterotopias and 
dysplasias (Boronat et al., 2015). Whole brains were harvested from the behaviorally tested 
mice, and structural MRI was performed to identify volume changes in different brain regions. 
MRI revealed that the total brain volume was decreased by (5.0%, q<0.001) in the TRE-Ube3a2-



tTA mice compared to WT. Localized decreases in absolute volume (mm3) were found 
throughout the cortex, with the overall cortex decreasing by (3.8%, q<0.01); however the main 
effect of the TRE-Ube3a2-tTA mutation appeared to be in the subcortical gray and white matter. 
The amygdala (q<0.001), hippocampus (q=0.001), and striatum (q<0.0001) were all significantly 
smaller in the TRE-Ube3a2-tTA mice and the cerebral white matter as a whole was 7.3% smaller 
(q<0.0001) and all major white matter structures were affected. The cerebellum, on the other 
hand, was the one area in the brain that was largely unaffected by the TRE-Ube3a2-tTA 
mutation. To date, there has been no neuroanatomical analysis of preclinical models that 
overexpress Ube3a in an isoform specific manner. This information is essential to understand 
how dysregulated expression of UBE3A in the brain results in multiple neurodevelopmental 
disorders, such as Dup15q, AS and ASD. 
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Abstract: Large-scale GWAS studies of CNVs or SNPs have been valuable tools for studying 
mutation load associated with major neuropsychiatric disease (e.g., schizophrenia, autism). 



However, haploinsufficiency from gene loss, not mutation, is usually the primary mechanism in 
chromosomal deletion syndromes. Multiple methods for predicting haploinsufficiency have been 
reported. Cody et al. (Am J Med Genet C Semin Med Genet, 2015) used gene dosage estimation 
based on published studies of specific genes. Other groups have developed computational 
approaches that combine gene co-expression and genetic variation estimates (Huang et al., PLoS 
Genet, 2010; Petrovski et al., PLoS Genet, 2013; Steinberg et al., Nucleic Acids Res, 2015). We 
used these two approaches to identify potentially haploinsufficient genes in 22q13 region deleted 
in patients with 22q13 deletion syndrome (Phelan-McDermid syndrome). 22q13 deletion 
syndrome is characterized by intellectual disability and paucity of speech, but patients manifest 
many problems from the involvement of 100 or more genes, depending upon the size and 
location of the deletion. Clinical cases of this syndrome occur independently of any one locus, 
ruling out the possibility of a single gene cause. There are also too few clinical cases to otherwise 
assess the impact of any single deleted gene without confounds of nearby genes implicated in 
CNS pathology (Sarasua et al., Hum Genet, 2014). To uncover evidence for individual gene 
haploinsufficiency, gene dosage estimates were compiled for the distal 100 genes in 22q13 
through literature review, and dosage predictions were taken from the published algorithm-based 
haploinsufficiency scores. Gene expression was measured using quantitative real-time PCR in 
cultured iPSC neurons derived from patients. Based on gene dosage from the literature, 6% 
(6/100) genes were identified as potentially haploinsufficient and 3% (3/100) were judged 
conditionally haploinsufficient. However, over half of the genes (55/100) lacked sufficient 
information to make a determination. Although the SHANK3 gene is most commonly associated 
with 22q13 deletion syndrome, the algorithm-based search for potentially haploinsufficient genes 
identified at least 18 other genes with a higher likelihood for haploinsufficiency. We tested the 
expression of potentially haploinsufficient genes in iPSC-derived neurons from patients. Our 
results indicate that several genes in the 22q13 region show evidence for contributing to the 
clinical features seen in these patients. 
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Abstract: Mutations in SHANK have been observed in ~1% of individuals with ASD. Mouse 
models with targeted mutations in Shank3 exhibit well-characterized, reproducible, ASD-
relevant behavioral phenotypes. Manipulating gene expression in rodent models is critical to 
understanding gene functions. We developed an artificial transcription factor (ATF) protein that 
can be injected intraperitoneally or subcutaneously, crossed the blood-brain barrier, and 
increased expression of endogenous genes, such as Ube3a (Bailus et al., 2016). Herein, animals 
were given doses of (2mg/ inj., 3x weekly, s.c.) of full length ATF protein designed, cloned and 
purified to be specific to Shank3, for two weeks. Minimal to no toxicity stress was observed with 
this dosing regimen. Minimal to no toxicity stress was observed with this dosing regimen. RT 
PCR for RNA and Westerns protein analysis of Shank3 in the brain tissue showed elevated 
expression levels. Following dose optimization, we performed a custom designed series of assays 
aimed to assess cognitive dysfunction using simple and complex learning tasks, as previously 
described (Silverman et al., 2010). We utilized the innovative, operant touchscreen system to 
evaluate complex, hippocampal and cortical-dependent learning and memory, as well as 
behavioral flexibility (Silverman et al., 2015; Leach et al., 2016). In addition, we measured 
endpoints of motor abilities and ASD relevant behavioral phenotypes, such as, locomotion in an 
open field, balance beam walking and repetitive motor behaviors. Improvements in motor 
activity, cognitive function or ASD-relevant behavioral phenotypes have important translational 
value. Phelan McDermid Syndrome, the genetic disorder caused by terminal deletions in 22q13.3 
(a region that encompasses the SHANK3 gene), is associated with a number of motor problems, 
including generalized developmental delay, neonatal hypotonia, low energy and muscle/motor 
weakness --- symptoms not commonly found in ASD cases unrelated to SHANK3 mutations 
(Phelan and McDermid, 2012, Harony-Nicolas et al., 2015; Mieses et al., 2016.). Our data 
corroborate the Shank3B mouse model (Peca et al., 2011) by recapitulation of motor symptoms 
and cognitive deficits in PMS. The effect of increased Shank3 expression by ATF on behavioral 
outcomes adds to our knowledge of Shank3 biology, while demonstrating the utility of ATFs as a 
novel tool for neurodevelopmental disorders. 
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Abstract: Maternally derived duplications or triplications of 15q11.2-q13 (Dup15q) are one of 
the most common genetic variations associated with autism spectrum disorder (ASD) detected in 
~1-3% of cases. Overexpression of the ubiquitin protein ligase E3A (UBE3A) gene is believed to 
cause symptoms observed in Dup15q and ASD. UBE3A expresses three isoforms with distinct 
amino terminal ends that exhibit differential localization in neurons. We hypothesize that the 
overexpression of a single isoform can alter functional behavioral phenotypes. In this study, we 
have characterized neuronal forebrain overexpression of Ube3a isoform 2 (Ube3a2), to discover 
if this single isoform is sufficient to cause impairments relevant to Dup15q and ASD. An 
inducible (Tetracycline-Off) transgenic mouse model of Ube3a2 (TRE-Ube3a2) was generated 
and crossed to the CamK2a-tTA transgenic mouse model (Jackson Laboratory #003010), which 
induces expression of the TRE-transgene in excitatory neurons located in the prefrontal cortex 
and hippocampus. The TRE-Ube3a2 transgene was expressed in cortex at levels approximately 
2.5-fold higher than endogenous Ube3a in CamK2a-tTA/TRE-Ube3a (TRE-Ube3a2-tTA) 
double transgenic mice compared to wildtype littermate sex and aged matched controls. A 
battery of behavioral assays relevant to Dup15q and ASD, as well as numerous control assays to 
detect confounds in physical health or ability to evaluate complex behaviors were conducted as 
previously described (Crawley et al., 2007; Silverman et al., 2010, 2012). TRE-Ube3a2-tTA 
offspring showed cytoplasm-specific expression of Ube3a2 in forebrain neurons above level of 
endogenous Ube3a expression. Robust anxiety-like behaviors were observed in two gold 
standard conflict anxiety assays. As compared to wildtype, TRE-Ube3a2-tTA mice exhibited 



high anxiety-like phenotypes. A tertiary anxiety-like measurement, the stress-induced 
hyperthermia assay, corroborated our findings. ASD-relevant behavioral phenotyping identified 
normal sociability and elevated repetitive, restricted behavior in TRE-Ube3a2-tTA offspring. In 
this first characterization, of a Ube3a isoform-specific transgenic mouse, we confirmed the 
genetic construct and detected significant functional outcomes in anxiety-like and repetitive 
behaviors. However, social behaviors were normal. These studies reveal for the first time a 
strong functional role for Ube3a2, specifically. Importantly, these data suggest Ube3a2 to be a 
causative determining factor for at least some of the major phenotypic impairments underlying 
Dup15q. 
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Title: Investigating the neuronal function of dock4, a autism/dyslexia related gene 
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Abstract: Rho GTPase regulators are key modulators of actin cytoskeleton, which essentially 
controls neuronal morphogenesis and synapse plasticity. Dock 4, a guanine nucleotide exchange 
factor (GEF) that activates Rac1, has recently been found in multiple studies as a risk gene in 
neurodevelopmental disorders such as autism and dyslexia. Previous studies by others and us 
using in vitro models showed that Dock4 is important for normal neurite outgrowth and spine 
morphogenesis, but its in vivo function has not been revealed so far. By generating a knockout 
mice line of DOCK4, we characterized autism-related behaviors and learning and memory 
abilities when DOCK4 expression is lacking. In particular, we assessed sociability, stereotype 



and repetitive behaviors, anxiety, spatial learning and recognition memory, and DOCK4 KO 
mice showed some features of ASD-like behaviors. Moreover, neuroanatomical analysis of these 
mice and molecular mechanism regulated Dock4 were characterized. Results from this work will 
be presented and discussed. 
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Title: The role of hormones in male-specific social and behavioral deficits in the protocadherin 
10 (Pcdh10) mouse model of autism 
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disability that affects 
nearly five times as many males as females, but the basis of this male bias is unknown. ASD has 
been linked to a number of genes that encode synaptic proteins, one of which is protocadherin 10 
(PCDH10), an activity-dependent cell adhesion molecule expressed primarily in the amygdala 



and striatum. Utilizing mice heterozygous for Pcdh10 (Pcdh10+/- mice), we previously reported 
male-specific deficits in juvenile social behavior and fear conditioning, as well as changes in the 
basolateral amygdala including increased dendritic spine density and decreased NMDA receptor 
expression, as well as decreased BLA gamma band power in response to lateral amygdala 
stimulation. New preliminary data indicates that Pcdh10+/- mice emit significantly more 
ultrasonic vocalizations than their wildtype littermates at postnatal day 6 when separated from 
their mother, a deficit that has been reported in other mouse models of autism. In addition, males 
but not females lacking one copy of Pcdh10 exhibit deficits on a high speed rotarod and 
hypoactivity during the dark phase in their home cages. In order to investigate the sex specificity 
of the behavioral deficits, we gonadectomized male mice prior to puberty and found that 
gonadectomy increased social approach behavior to wildtype levels in the Pcdh10+/- males but 
did not affect the performance of the wildtype males. Future studies will investigate the effect of 
gonadectomy on other male-specific behavioral deficits, adult testosterone levels, and the role of 
neonatal versus pubertal hormones. 
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Abstract: Maternally derived duplications or triplications of 15q11.2-q13 (Dup15q) are one of 
the most common genetic variations associated with autism spectrum disorder, detected in ~1-
3% of cases. Overexpression of the ubiquitin protein ligase E3A (UBE3A) gene, which is located 
at the telomeric end of the 15q11.2-q13 region, is believed to cause the symptoms observed in 
Dup15q. Ube3a expresses three isoforms with distinct amino terminal ends that exhibit 
differential localization in the cell, and that display different functions in neurons. The initial 
characterization studies focused on Ube3a mouse isoform 2 (Ube3a2), as it is conserved among 
vertebrate species and has been shown to regulate dendritic morphogenesis in pyramidal neurons 
(Miao et al., 2013). We hypothesized that overexpression of Ube3a2 disrupts cognitive and 
behavioral phenotypes. An inducible (Tetracycline-Off) transgenic mouse model of Ube3a2 
(TRE-Ube3a2) was generated and crossed to the CamK2a-tTA transgenic mouse model, which 
induces expression of the TRE-transgene in excitatory neurons located in the prefrontal cortex 
and hippocampus. The TRE-Ube3a2 transgene was expressed in cortex at levels approximately 
2.5-fold higher than endogenous Ube3a in CamK2a-tTA/TRE-Ube3a (TRE-Ube3a2-tTA) 
double transgenic mice. Expression of the transgene was limited to excitatory neurons in the 
cortex and hippocampus and responsive to doxycycline. Breeding pairs of TRE-Ube3a2 
transgenic mice were donated by the Dindot laboratory (Texas A&M). Breeding pairs of 
B6;CBA-Tg(Camk2a-tTA)1Mmay/J (tTA) were purchased from the Jackson laboratory 
(#003010). PCR genotyping and Western blotting were done to confirm TRE-Ube3a2-tTA 
overexpression. We designed a custom series of assays aimed to assess cognitive dysfunction 
using simple and complex learning tasks as previously described (Silverman et al., 2010). 
Traditional novel object recognition and pavlovian context and cued conditioning were tested. 
To corroborate and extend, we utilized the innovative operant touchscreen system, evaluating 
complex, hippocampal and cortical-dependent learning and memory (Silverman et al., 2010, 
2015). TRE-Ube3a2-tTA subjects exhibited learning and memory impairments in contextual and 
cued fear conditioning but did not show deficits in novel object recognition, compared to 
wildtype age and sex matched littermates. In addition, our study measured latencies to criterion 
in the visual touchscreen based assays. These studies are impactful because they are the first to 
show that Ube3a isoforms play a substantial role in cognitive function. 
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Title: Hyper-excitability and hyper-plasticity in the cerebellar network of IB2 KO mouse model 
of autism 
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Abstract: Autism is a pervasive neurodevelopmental disorder characterized by abnormal social 
behavior and communication and by various cognitive abnormalities, including hyper-focusing 
on specific brain processes and difficulties in attention switching and redirection. While marked 
heterogeneity characterizes autism landmarks both in human patients and in mouse models of the 
disease, a consistent involvement of the cerebellum has been highlighted. In order to address the 
cerebellar microcircuit dysfunction in autism pathophysiology, we have analyzed single-neuron 
and microcircuit activity in the cerebellar cortex of IB2 knock-out (KO) mice (Giza et al., 2010), 
which carry the same mutation revealed in the familial form of autism known as Phelan-
McDermid syndrome. By using patch-clamp electrophysiology and voltage-sensitive dye 
imaging (VSDi) we observed severe alterations in neural processing in the granular layer 
microcircuit of IB2 KO mice compared to age and background strain matched wild-type mice. 
Granule cells showed increased NMDA receptor-mediated currents and intrinsic excitability, 
while GABAergic inhibition was reduced, bringing about a raise in the excitatory/inhibitory 
balance (E/I ratio, WT 1.02±0.13 vs KO 1.44±0.13, n=4 for both, p<0.05). Moreover, the 
magnitude of long-term potentiation was almost quadrupled (LTP; WT 35.64±10.64% n=13 vs 
KO 120.59±49.27% n=12; p<0.05) and it spatial extent triplicated (LTP area KO/WT 3.1±0.3, 
both n=6, p<0.003). Both in IB2 KO and in WT mice, the granular layer response was organized 
in center-surround. Interestingly, IB2 KO mice responses showed larger centers of excitation 
(29.5±4.9µm vs. 12.9±1.7µm in WT, both n=5, p<0.01) and thinner inhibitory surrounds, 
demonstrating the shift from a "mexican-hat" to a "stove-pipe" profile predicted by Casanova 
(2003, 2006) on theoretical grounds. Taken together, our results reveal a critical damage in 
granular layer microcircuit functions that could seriously alter the signals transmitted to the 
cerebral cortex, thereby altering functions like attention switching and thought coordination, that 
are believed to be regulated by the cerebellum, and contributing to the pathogenesis of autistic 
symptoms. 
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Abstract: Heterozygous mutations in SCN2A, identified by exome sequencing of 5,563 autism 
spectrum disorder (ASD) cases in the Simons Simplex Consortium (Iossifov et al., 2014) and 
Autism Sequencing Consortium (De Rubeis et al., 2014) demonstrate strong ASD association 
(Sanders et al., 2015). SCN2A encodes the alpha subunit of NaV1.2, a voltage-gated sodium 
channel that is involved in action potential generation at the axon initial segment of 
glutamatergic neurons. Along with four de novo loss of function (LoF) mutations, SCN2A is the 
only gene in the genome with a clear excess of de novo missense mutations in ASD. The eight 
missense mutations, many of which are clustered near the ion selectivity pore, represent a 36-
fold increase over expectation (p = 1x10-10, binomial distribution). Whether these missense 
mutations alter the function of translated NaV1.2 channels remains unclear. Here, we used 
heterologous expression to examine electrophysiological properties of NaV1.2 channels mutated 
to contain ASD-associated LoF and missense mutations. Further, channel expression and 
membrane association were assessed by visualizing immunostained NaV1.2 channels using 
confocal and total internal reflectance (TIRF) microscopy. HEK293 cells were transfected with 
plasmids that allowed for expression of the wild type or mutated alpha subunit, GFP, and 
accessory beta subunits. Interestingly 5/8 ASD-associated missense mutations resulted in a 
complete loss of channel conductance, despite normal membrane association. Mutations in two 
other sites reduced peak current amplitude, and we are currently working to determine the 
biophysical basis for these changes. Based on these results, we are developing compartmental 
models that incorporate LoF and missense mutations to determine how ASD-associated changes 
in NaV1.2 function affect neuronal excitability. This work therefore identifies SCN2A as having 
the most mutations and strongest evidence of ASD association of any gene observed in the 
exome. 
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Abstract: Neurodevelopmental disorders including Autism spectrum disorders (ASD) and 
intellectual disability (ID) are characterized by social impairments that impact adaptive 
functioning. PAKs (p21-activated kinase) are a family of serine/ threonine protein kinases that 
are central regulators of actin cytoskeleton reorganization and neuronal morphology, and are 
involved in synaptic and behavioural plasticity. Recent genetic screening and post-mortem 
studies have implicated mutations in the PAK gene in ASD and ID, but whether and how PAKs 
are involved in social behavior remains unclear. To directly address this question, we have 
generated a novel transgenic mouse model using the tetracycline operator system (tet-off) where 
the expression of a dominant negative PAK mutation can be inducibly controlled. We find that 
the transgenic mice showed specific deficits in social memory but normal sociability and novelty 
recognition. These mice also exhibited impairments in synaptic transmission and plasticity. The 
deficits were fully rescued through the administration of a tetracycline analog, doxycycline. 
Together, these results suggest a critical role of PAK signaling in social behavior in mice. 
Supported by CIHR and NSERC. 
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Abstract: Although progress has been made in identifying genes associated with autism 
spectrum disorder (ASD), the underlying mechanism of this disorder remains unknown. 
Recently, several exome-sequencing studies of thousands of patients and their families have been 
completed yielding hundreds of genes loosely linked to ASD, and a smaller subset repeatedly 
found to be mutated in ASD probands, indicating their likely association with this disorder. The 
research community is now faced with the daunting task of determining how multiple genes give 
rise to the disease. To address this problem, a two-stage strategy was used to capitalize on 
rigorous bioinformatics and high-throughput biological systems to screen for gene mutations 
most likely to provide strong phenotypes in a secondary slower throughput assay. The gene 
PTEN (phosphatase and tension homolog) was selected as the first gene to screen in these assays 
due to its rank as a high confidence candidate gene for ASD. PTEN and its variants, selected 
based on rigorous bioinformatics, were expressed in high-throughput assays in yeast. Using the 
synthetic gene array assay, genetic interaction profiles were analyzed to understand altered 
molecular function. This will inform how variants disrupt protein function and identify mutations 
producing the strongest phenotypes. The effect of a reduced set of variants on experience-driven 
growth, synaptogenesis, and neural encoding in vivo in awake, transparent Xenopus laevis 
tadpoles was analyzed. This powerful vertebrate system provides sensitive measures of precisely 
how ASD gene variants alter brain circuit development. This strategy provides insight into 
underlying molecular pathways mediating pathophysiology, neuronal and neural circuit 
development. 
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Abstract: Autism Spectrum Disorder (ASD) is characterized by two hallmark symptoms: 
impaired social interaction and increased repetitive behaviors. While ASD is typically regarded 
as a social disorder, about 80% of patients also display motor learning deficits, suggesting 
involvement of the cerebellum in ASD pathology. We studied cerebellar physiology in the 
15q11-13 copy number variation mouse model, which is the most frequent and penetrant genetic 
aberration seen in ASD. In these mice, genetic imprinting determines whether offspring will 
show pathology associated with the autistic-like phenotype. A mouse receiving the 15q11-13 
duplication paternally (patDp/+), but not maternally (matDp/+), will show ASD-resembling 
behaviors (Nakatani et al., Cell 137, 2009). To investigate cerebellar abnormalities associated 
with this phenotype, including the known impairment of LTD-induction at parallel fiber (PF) – 
Purkinje cell synapses in patDp/+ mice (Piochon et al., Nat. Commun. 5, 2014), we studied 



climbing fiber (CF) – Purkinje cell and PF – Purkinje cell synaptic transmission. patDp/+ mice 
showed abnormally large amplitude CF-evoked excitatory postsynaptic currents, which led us to 
look for altered synaptic density between CFs and Purkinje cells. Immunohistochemistry with 
VGluT2, a marker for CF terminals, indicated that patDp/+ mice displayed increased density of 
CF terminals on both large-caliber and fine Purkinje cell dendrites, the latter of which are 
ordinarily considered PF input territory. We next examined calcium transients in spines, fine 
dendrites, and large-caliber dendrites, evoked by paired stimulation of PF 100Hz with a single 
CF stimulation, a single CF stimulation, or PF 100Hz stimulation. Although the CF-evoked 
calcium transient was unaltered in patDp/+ and matDp/+ mice, our calcium imaging results 
revealed abnormally small amplitude calcium transients in response to paired stimulation and PF 
100Hz stimulation in patDp/+ spines and fine branches. These data suggest that the underlying 
cause of the known LTD-induction impairment in patDp/+ mice may be due to weak, abnormally 
small calcium signaling at PF-Purkinje cell spines. It is possible that PFs, even with paired CF-
stimulation, do not provide a sufficient calcium signal to induce LTD. The result of increased 
CF-Purkinje cell synapse density with reduced PF calcium transients raises the possibility that 
CF synapses are too abundant on Purkinje cell fine dendrites, and thereby invade territory 
typically reserved for PF-Purkinje cell synapses. Taken together, our findings highlight 
cerebellar physiological abnormalities that contribute to motor deficits in a mouse model of 
ASD. 
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Abstract: Autism Specturm Disorder (ASD) is thought to be of neurodevelopmental origin, 
though the causes are unclear. Recent brain imaging studies have revealed significant 
abnormalities in the way that autistic individuals process speech and sound. Specifically, 



temporal (including auditory) cortical areas exhibit different patterns of activation compared 
with typically developed individuals, suggesting that improper “wiring” in areas during 
development might contribute to problems in speech perception or interpretation. One potential 
cause for autism is in utero insults. For example prenatal exposure to the antiepileptic drug 
valproic acid (VPA), increases the incidence of ASD in humans and fetal VPA exposure also 
results in autistic phenotypes in rodents. The peak vulnerability for VPA in rodents is in the 
second gestational week thus the neural circuits affected are those present at this time. In the 
fetal cortex, the first functional circuits are formed by subplate neurons (SPNs). SPNs are 
crucially involved in key steps of cortical maturation, particularly processes in layer 4 (L4) such 
as the functional maturation of thalamocortical and intracortical wiring and in critical period 
plasticity. The vulnerability window for VPA to cause autistic symptoms coincides with the peak 
generation window of SPNs, thus SPN disruption after VPA might lead to later cortical 
dysfunction. We investigated in vitro the functional connectivity of SPNs and L4 neurons in 
neonatal and adult auditory thalamocortical slices using whole-cell patch clamp 
electrophysiology and laser scanning photostimulation (LSPS) of caged glutamate. VPA, at a 
dose of 500 mg/kg, resulted in altered excitatory and inhibitory connecions in subplate neurons 
and L4 neurons. Thus, prenatal exposure to VPA causes disruptions in early SPN circuits that are 
later reflected in permanent deficits in both excitatory and inhibitory connectivity in L4. Our 
results provide direct evidence that the earliest cortical auditory circuits are already disrupted in 
rodent models of autism, and suggest that dysfunction in transient SPN circuits in the developing 
brain might play a key role in the etiology of ASD. 
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Abstract: Investigations into the genetics of autism in human patients strongly suggest that 
changes in synaptic function are a common factor in autism pathophysiology. Evidence from 
studies in both humans and animal models suggest that this synaptic dysfunction leads to 



excitatory/inhibitory (E/I) imbalance in the form of reduced inhibition and/or over-excitation, 
and that neuronal inhibition may be impacted by both pre- and post-synaptic changes. Cntnap2 -
/- mice are a well-established model of ASD. Numerous reports have found that these mice 
exhibit autism-like behaviors including reduced social interaction, hyperactivity, and 
repetitive/stereotyped behavior. In addition, Cntnap2 -/- mice exhibit aberrant neuronal 
migration, reduced interneuron numbers, seizure activity, and alterations in synaptic spines. 
Here, we examined tonic and phasic inhibition in L2/3 pyramidal cells in primary visual cortex 
(V1) of Cntnap2 -/- mice compared to wild-type (WT) controls, in two different age groups, 3-4 
weeks and 6-8 weeks of age. We found that L2/3 pyramidal cells from 6-8 week old Cntnap2 -/- 
mice exhibited significant smaller inhibitory tonic conductance. In 3-4 week old mice we found 
no significant effect of genotype on tonic inhibition. We also analyzed sIPSCs in both genotypes 
and age groups. While no differences were seen in sIPSC amplitude, frequency, or kinetics in 3-4 
week old mice, we found an age-dependent effect of genotype in 6-8 week old animals, with 
lower sIPSC frequency in Cntnap2 -/- mice. We did not observe an effect of age or genotype on 
resting potential or intrinsic excitability of L2/3 pyramidal cells in area V1. These data indicate 
that network-level GABAergic activity is disturbed in Cntnap2 -/- autism model mice, which 
dovetails with previous reports of reduced interneuron numbers, altered network activity, and 
seizure susceptibility. Our findings suggest that reduced tonic inhibition could underlie autism-
like behaviors, and future studies should investigate cellular/molecular mechanisms of reduced 
tonic inhibition as well as the effects of diminished inhibition on cortical function in vivo. 
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Abstract: Cell adhesion molecules (CAMs) play crucial roles in neural circuit formation. The 
cadherin superfamily is one of the largest families of CAMs containing more than one hundred 
molecules, including classical cadherins type I and II, protocadherins, and atypical cadherins. 



Cadherins share a similar structure consisting of multiple EC-cadherin domains in the 
extracellular region to mediate Ca2+-dependent adhesion. The cytosolic tail of cadherins interacts 
with catenins and small Rho GTPases to regulate actin dynamics. The type I classical cadherin 
N-cadherin is the most well-studied member to-date. N-cadherin functions throughout the 
development of the nervous system and is essential for synapse formation, spine morphogenesis, 
synaptic signaling and plasticity. In contrast to N-cadherin, little is known about the function of 
other cadherins. A genome wide association study performed by the Hussman Institute for 
Human Genomics identified the classical cadherin type II CDH8, CDH9 and CDH11; the 
protocadherin family member PCDH9; the atypical cadherin FAT1 and the α-catenin CTNNA3 
(αT-catenin) as candidate risk genes. This suggests that cadherin signaling pathways could be 
disrupted and may display increased vulnerability in autism. Here, we investigate how cadherins 
across the different subfamilies, as well as components of the cadherin signaling pathway, play a 
role in brain development. The findings provide insights toward understanding the etiology of 
autism. 
To investigate the importance of cadherin signaling in autism, we analyzed the spatial and 
temporal expression patterns of different autism-associated cadherin family members in different 
brain areas, as well as their subcellular localization in neurons. Temporal expression analysis in 
the developing mouse brain revealed increased cadherin protein expression from P0 to P7. For 
some of the cadherins analyzed, elevated expression persisted throughout stages P14 and P21. 
An increased expression from P7 to P21 is consistent with the proposed functions in 
dendritogenesis and synaptogenesis. Furthermore, cadherins from differing subfamilies showed 
distinct but partially overlapping expression patterns in various brain areas implicated in autism. 
Taken together, our results show that cadherins from different subfamilies could potentially 
converge into common signaling pathways to regulate neural circuit formation. Perturbation of 
these pathways might result in disrupted dendrite formation, spine morphogenesis and synapse 
function, cellular phenotypes that have been linked to autism. 
This work is supported by Hussman Foundation Grant HIAS15007 to Jeannine Frei. 
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Title: Rescues behavioral deficits in SHANK3 knock-out mice by pharmacological enhancement 
of mGlu5 receptors  
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Abstract: The Shank3 protein is a scaffold protein that is located in the postsynaptic density 
(PSD) of excitatory synapses and is crucial for synapse development and plasticity. SHANK3 
genetic haploinsufficiency is thought to be the major cause of neuropsychiatric symptoms in 
Phelan-McDermid syndrome (PMS). In this study, we investigated the molecular mechanisms 
associated with the ASD-like behaviors observed in Shank3Δ11-/- mice in which exon 11 has 
been deleted. Our results indicate that Shank3 is essential to mediating mGlu5 receptor signaling 
by recruiting Homer1b/c to the PSD, specifically in the striatum and cortex. Moreover, 
augmenting mGlu5 receptor activity by administering the mGlu5 PAMs ameliorated the 
functional and behavioral defects that were observed in Shank3Δ11-/- mice, suggesting that 
pharmaceutical treatments that increase mGlu5 activity may represent a new approach for 
treating patients that are affected by PMS and SHANK3 mutations. 
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Title: The number of parvalbumin-expressing chandelier and basket cells are differentially 
decreased in medial prefrontal cortex in autism 

Authors: *V. MARTINEZ-CERDENO;  
Pathology, UC Davis, Sacramento, CA 

Abstract: Cortical interneurons have been linked with the altered balance of excitation / 
inhibition in the cerebral cortex that is present in autism. However, a specific subtype of 
interneuron had not been correlated with autism until we discovered that the number of 
parvalbumin (PV) expressing interneurons was decreased in the prefrontal cortex in autism. 
There are two PV+ interneuron subtypes: Basket (Bsk) cells and Chandellier (Ch) cells. Bsk cells 
innervate the soma and proximal dendrites of pyramidal neurons, while Ch cells innervate the 
initial segment of pyramidal neuron axon. Both Bsk and Ch cells are fast-spiking neurons that 
innervate a large number of pyramidal neurons, and therefore even a small decrease in Ch or Bsk 
cell number could critically impair pyramidal neuron output and regional cortical function. These 
cells account for only 1% of total neurons in the cerebral cortex, with Bsk cells more numerous 
than Ch cells. A specific marker that differentiates Bsk from Ch cells has not been devised. 
However, we have designed a method that allows us to discern between these two cell types. Our 
method is based on the differential expression of Vicia villosa lectin (VVA) by Bsk and Ch cells. 
VVA lectin is present in the perineuronal net surrounding Bsk cells. While the vast majority of 
Bsk cells can be labeled using VVA, Ch cells do not express VVA. We used PV and VVA 
double labeling, and based on exclusion distinguished Ch cells from Bsk cells in cortical slices of 
prefrontal cortex in autism and control groups. We then quantified the number of each cell type 
(PV+/VVA+; PV+AVV-) present in each Brodmann area in our tissue samples and compared 
data between autism and control groups. We found that PV+ Ch cells (VVA-) are decreased in 
prefrontal BA46, BA47, and BA9. PV+ BsK cells may be also decreased but to a lesser degree in 
these areas. The changes in PV+ Ch and PV+ Bsk cells reported here may reflect altered 
information processing within the PFC and could contribute to the cognitive impairments seen in 
autism. 
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Title: Human tuberous sclerosis (TSC) 2 (-/-) genome-edited neural stem cells and neurones 
exhibit inhibited autophagy which is restored following mTORC1 inhibition 

Authors: *L. STEWARD, N. ANASTASI, A. MARCUZ, N. BE, M. GURIDI ORMAZABAL;  
Roche Innovation Ctr. Basel, Neurosci. Discov, Basel, Switzerland 

Abstract: mTORC1 regulates autophagy and in some neurodevelopmental disorders, such as 
tuberous sclerosis (TSC), mTORC1 hyperactivity leads to reduced autophagy which likely 
contributes to disease pathology. This is supported by evidence of impaired autophagy in 
tuberous sclerosis (TSC) patient cortical tuber tissue, as well as from rodent TSC knockdown 
studies (e.g. Di Nardo et al., 2014; McMahon et al., 2012) where p62 (a marker of protein build 
up and impaired autophagy) are increased when compared to control tissues. Although the TSC 
patient genotype is heterozygous TSC2 (+/-), an additional somatic TSC mutation can result in a 
knockout. We generated human TSC2 genome-edited neural stem cells (TSC2 NSCs) (+/+) wild 
type, (-/-) knockout and (+/-) heterozygote cells. These cells have many of the characteristics of 
patient cortical tubers (Costa et al., 2016). In this study we examined p62 levels and the effect of 
rapalog treatment in the TSC2-NSCs and their derived neurones, using western blots (WB) and a 
novel immunocytochemistry (ICC) assay using high content image analysis (HCS; Operetta). 
Preliminary studies confirmed mTORC1 hyperactivity, as rapamycin sensitive phospho-S6 was 
increased in TSC2 (-/-) NSCs and 1, 2, 3 and 4 wk old neurones, whereas TSC (+/-) neurones 
were similar to WT. P62 was significantly increased in TSC2 (-/-) NSCs and neurones compared 
to WT, whereas TSC (+/-) NSCs and neurones were not altered in WB or ICC HCS studies. In 
the ICC studies, it was apparent that there was a high level of diffuse P62 in the cytoplasm of the 
TSC2 (-/-) NSCs and neurones, which was decreased after 24h or 1 wk of rapamycin or 
everolimus treatment. Bafilomycin decreased the diffuse P62 and increased punctate p62 form 
(likely indicative of translocation from cytoplasm to autophagosomes and accumulation because 
of inhibited lysosomal degradation). This punctate P62 was further increased when combined 
with everolimus or rapamycin, indicating a treatment related increased autophagic flux after 
mTORC1 inhibition. Overall the data indicated that the TSC2 (-/-) NSCs and neurones are a 
good model for the human TSC patient cortical tubers, in that they mimic many aspects of the 
disease phenotype and specifically in this study, show similar mTORC1 dependent markers of 
dysfunction observed in patient cortical tubers. 
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Title: Contributions of Cadherin-8 to establishing corticostriatal networks 
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Abstract: Motor and executive tasks are supported by the development of functional 
corticostriatal networks. Nevertheless, little is known about the molecular mechanisms that 
control the establishment and function of these connections. Recently, we demonstrated that 
Cadherin-8 (Cdh8), a type II classic cadherin, was highly expressed in prefrontal cortex and 
dorsal striatum during an early postnatal period when cortical axons are growing into the 
striatum. Furthermore, using in situ hybridization techniques, we showed that Cdh8 is enriched 
in striatally-projecting pyramidal neurons in the medial prefrontal cortex and in striatal spiny 
projection neurons (SPNs). Knockdown of Cdh8 by RNA silencing in cultured cortical neurons 
or in SPNs in vivo significantly alters dendritic arborization and dendrite self-avoidance. 
Additionally, the temporal and spatial distribution patterns of expression strongly point toward a 
role for Cdh8 in development of corticostriatal synapses. We generated a conditional mutant 
mouse in order to selectively delete Cdh8 from particular cell types. The effects of postsynaptic 
Cdh8 deletion on synaptic transmission and plasticity were examined in SPNs using whole-cell 
voltage clamp recordings from wild-type and AAV-cre injected Cdh8fl/fl mice. These data reveal 
multifaceted roles of Cdh8 in regulating development of corticostriatal circuits. Elucidating the 
role of Cdh8 in circuit formation is essential as microdeletions in chromosome 16 have 
implicated CDH8 in autism and learning disabilities. 
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Title: The basal ganglia has altered inhibitory receptor expression in autism: implications for 
cortico-striatal dysfunction 
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Abstract: The basal ganglia (BG) is a collection of highly interconnected sub-cortical nuclei that 
contain mainly inhibitory GABAergic medium spiny neurons (MSN’s). The BG is connected to 
the cerebral cortex via the thalamus and the cerebellar cortex via the subthalamic nucleus (STN). 
Specific regions of the BG are implicated in stereotypy, cognitive behavior, motor, speech and 
language disorders. Thus, the BG is an ideal region of interest to examine the neurochemical 
basis of repetitive, stereotyped behavior and social communication difficulties observed in 
autism. This study examined changes to GABAA receptor expression in the BG of post-mortem 
brain tissue. Specifically, the dorsal striatum consisting of the caudate and putamen, and the 
ventral striatum including the core and shell territories of the nucleus accumbens (NAcc) and the 
subthalamic nucleus (STN) were quantified. Sampled regions in the dorsal striatum included 
projections from the dorsal anterior cingulate cortex (dACC), dorsolateral pre-frontal cortex 
(dlPFC), pre-motor, motor cortical areas and STN. Sampled regions in the ventral striatum 
included projections from ventromedial pre-frontal cortex vmPFC and orbitofrontal cortex 
(OFC) to the NAcc, areas that play a critical role in reward related and stereotypic behaviors. An 
autoradiographic assay with the ligand [3H]-flunitrazepam was used to label benzodiazepine 
binding sites on GABAA receptors. There was a significant increase (p<0.0001) in GABAA 
receptor binding, measured in fmol/mg of protein, expressed as (mean ± sem) in age-matched 
control vs autism cases in dorsal striatum (57.63 ± 1.67, n=17 vs 92.80 ± 2.27, n=19), ventral 
striatum (98.98 ± 5.10, n=8 vs 161.21± 4.58, n=11) and a significant decrease (p<0.0001) in 
GABAA receptor binding in STN (12.56 ± 0.66, n=9 vs 7.48 ± 0.41, n=8). This initial GABAA 
receptor binding study suggests that there are significant increases in the expression of inhibitory 
receptors in the GABAergic regions of BG in autism. Conversely, a significant decrease of 
GABAA receptor binding was found in the glutamatergic STN region of BG. Taken together, 
this altered receptor expression pattern indicates a region-specific excitatory-inhibitory 
imbalance (E/I) in the BG in the autism cohort suggesting a dysregulation of key intrinsic BG 
circuits. It is unknown whether these changes are due to primary alterations in development or 



compensatory due to the E/I imbalance. Further studies are underway to examine specific regions 
within the BG to better elucidate the extent of changes in cortical - BG connectivity and 
functions. 
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Abstract: Autism spectrum disorders (ASD) are characterized by impaired social activity, 
diminished communication and repetitive behavior. We have previously shown that loss of the 
ASD gene, KIDLIA/KIAA2022, impaired dendritic and axonal outgrowth via a disruption of N-
cadherin/δ-catenin signaling. To further investigate the role of KIDLIA in neural development, 
we found that loss of KIDLIA expression resulted in a dramatic decrease in synapse formation 
and synaptic transmission, accompanied with a shift in the excitation/inhibition balance. RNA 
sequencing demonstrated that knockdown of KIDLIA altered the transcription of a large number 
of genes including those involved in synaptogenesis, synaptic plasticity and excitability. To 
further investigate the role of KIDLIA in vivo, we generated and characterized the first KIDLIA 
knockout mouse. The knockout mice showed significant impairments in social interactions, 
increased repetitive behaviors and deficits in learning and memory. The mice also demonstrated 
seizure activity and elevated anxiety. Therefore this new KIDLIA knockout mouse will be a 
valuable new model for autism research. 
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Title: Verification of abnormality of postnatal synapse formation/pruning in a primate model of 
ASD 
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Abstract: The majority of excitatory synapses in the mammalian cerebral cortex occur at small 
protrusions, or spines, on the dendrites. In primates, the number of dendritic spines rapidly 
increases after birth, reaches a peak at around the early infancy or mid-childhood period, and 
then decreases towards the adult level. This characteristic “overshoot-type” profile is assumed to 
result from pruning of existing spines in excess of the generation of new spines in the later 
periods. Abnormalities of the processes of spinogenesis and pruning are implicated in several 
psychiatric disorders, such as autism spectrum disorder (ASD), schizophrenia, and Rett’s 
syndrome. In ASD, excess spine formation or incomplete pruning may occur, which leads to 
increased spine numbers. 
We investigated the normal processes of spine formation/pruning in the cerebral cortex of the 
common marmoset (Callithrix jacchus) as a primate model. Our previous studies showed 
similarities and differences of developmental profiles of basal dendrites and spines of layer-III 
pyramidal cells among the six cortical areas (V1, TE, area 12, area 9, area 14r, area 24), and 
reported that all cortical areas showed overshoot-type spine formation with peaked at 2-3 month 
old (Oga et al., 2013, Sasaki et al., 2015). 
We have developed ASD model of the marmoset by expose to valproic acid (VPA) during 
gestation period. The VPA marmoset has a deficit in communication and perseveration, which 



are core features of ASD (Yasue et al., 2015). In this study, we measured the thickness of 
cortices, the density of cortical neurons, microglia, and the analyzed the processes of spine 
formation/pruning in the six cortical areas of the model animals. On 2, 3, and 6 month old, the 
thickness of gray matter was found to be increased in the VPA-exposed animals compared to that 
in unexposed (UE) animals. The density of cortical neurons and microglia was lower in the 
model animals than that in the UE animals. Layer-III pyramidal cells in the areas were 
intracellularly injected with Lucifer Yellow in lightly fixed slices, and reacted for 
Diaminobenzidine. Basal dendrites of more than 150 cells were reconstructed, and their 
morphological features were analyzed. In the prefrontal cortical areas, we found that insufficient 
spine pruning of the ASD model compared with UE animal. Search for the molecular 
mechanisms that underlie the developmental changes will provide further clues for an 
understanding of pathogenesis of ASD. 
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Abstract: Autism spectrum disorders (ASD) is one kind of heterogeneous neurodevelopmental 
syndrome. These years, more and more genes have been reported to be predisposed to ASD, and 
many of them transcribe cell-adhesion molecules, such as contactin associated protein-like 
(CNTNAP), a superfamily of neurexin (NRXN). Here, we constructed a mouse model which 
CNTNAP3 gene was knockout. The CNTNAP3 KO mice showed deficits in social interaction and 
displayed abnormal learning and memory. The in vitro experiments revealed that CNTNAP3 was 
required for the establishment of neural networks. RNAi-mediated knockdown of CNTNAP3 
induced the decrease of axon and dendrite length. We also constructed CNTNAP3 KO rats which 
showed decreased spine density in CA1 pyramidal neurons and increased GABAergic 
interneuron density specifically in CA1 zone. Otherwise, the CNTNAP3 KO rats also manifested 
the deficits in E/I balance. Our data suggest that CNTNAP3 is a critical gene for neurite and 



synapse development and provide another important model for investigating the mechanisms and 
therapeutic strategies of ASD. 
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Title: Autism-associated mutations in cep290 disrupt cell proliferation process 
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Abstract: Autism is classified as a neurodevelopmental condition, but the defined 
spatiotemporal molecular mechanisms contributing to the altered neurophysiology observed in 
individuals with autism are still largely unknown. In large-scale genetic analysis for autism risk 
genes, CEP290, a centrosomal protein has been identified as one of the candidate genes. 
Mutations in the CEP290 gene are common in ciliopathies; severe multi-organ disorders caused 
by primary cilia dysfunction. The primary cilium is a microtubule rich cell protrusion crucial for 
normal cell migration, polarity and division. Moreover, the primary cilium serves as the confined 
compartment for selective cell signaling and for cell-environment communication. Sonic 
Hedgehog (Shh) signaling, a biological pathway necessary for proper tissue development and 
maintenance, is preferentially localized to the primary cilium and is essential for proliferation of 
granule cell progenitors (GCP) during cerebellar development. Interestingly, defects in cerebellar 
development occur frequently in CEP290 associated ciliopathies. However, how mutations of 
CEP290 may contribute to autism phenotypes is still unknown. Here, we test the hypothesis that 
autism-associated mutations in CEP290 alter the primary cilium in cerebellar GCPs and affect 
their proliferation during development. 
First, the temporal and spatial expression of CEP290 in mouse brains was determined. CEP290 
protein levels increase during normal postnatal development and it is highly expressed in the 
cerebellum compared to other brain regions. In Neuro-2a cells and cultured cerebellar GCPs, 
CEP290 is observed at the primary cilium and in the cytosol, displaying a dynamic, cell cycle-
dependent, re-distribution pattern. Overexpression of CEP290 increased the rate of cell 
proliferation while CEP290 knockdown resulted in delayed cell population growth. Additionally, 



alteration of the CEP290 level reduced neurite complexity in Neuro-2a cells. Furthermore, 
following the introduction of autism-associated CEP290 mutant constructs, the cell proliferation 
process was perturbed resulting in slower rate of cell division possibly due to disruption of 
primary cilium function ultimately leading to reduced Shh-mediated cell signaling events. 
In summary, CEP290 regulates cell proliferation, with additional effects on neurite complexity. 
Autism-associated mutations of CEP290 reduce cell proliferation. Our present investigation into 
the cellular functions of CEP290 offers novel insight into the role of the primary cilium in 
neurodevelopmental conditions including autism. 
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Title: Oxytocin fails to enhance serotoninergic neurotransmission in autistic patients 
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Abstract: A lot of efforts are currently made to evaluate the efficiency of oxytocin, a 
neuropeptide that can improve social behavior in Autism Spectrum Disorders (ASD). However, 
behavioral effects are often small and it is unclear how this molecule acts in the patients’ brain. 
Some of oxytocin actions on social behavior are known to happen through an interaction with 
serotonin neurotransmission in animals and healthy humans. Critically, both oxytocinergic and 
serotonergic systems are suspected to be altered in ASD patients. We investigated oxytocin-
serotonin interaction in 18 high functioning autistic male patients and 24 healthy controls (HC) 
using PET scan. With the radiotracer [18F]MPPF, a selective serotonin 1A receptor (5-HT1AR) 
antagonist, we compared [18F]MPPF binding potential in both groups at baseline and after a 
spray containing placebo or oxytocin (24IU). Blood samples were also collected to evaluate the 
impact of oxytocin on peripheral serotonin. 



Results showed no differences of [18F]MPPF binding potential at basal levels between patients 
and HC. In contrast, while oxytocin increased [18F]MPPF binding potential and serotonin 
peripheral levels in HC, we found no oxytocin effects in ASD patients. Our findings suggest that 
5-HT1AR density is normal in autistic patients, but their functioning might be disrupted, and thus 
oxytocin-serotonin interaction cannot occur in this pathology. This is in line with results from 
recent clinical trials showing moderate effects of oxytocin and suggests that therapeutic impact 
of this molecule alone may be limited. Our results thus open ways to investigate combined 
oxytocin-serotonin treatments. 

Disclosures:  A.Q. Lefevre: None. R. Mottolese: None. J. Redouté: None. N. Costes: 
None. D. Le Bars: None. M. Geoffray: None. M. Leboyer: None. A. Sirigu: None. 

Poster 

680. Physiological Mechanisms in Autism and Autism Models 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 680.18/E36 

Topic: A.07. Developmental Disorders 

Support: NIH 5T32NS061764-07 

Title: Neuronal overexpression of β-catenin results in severe intellectual disabilities and autism 

Authors: *J. ALEXANDER, S.-X. JIN, L. FEIG, M. H. JACOB;  
Neurosci., Tufts Univ., Boston, MA 

Abstract: Intellectual disabilities (ID) and autism spectrum disorders (ASD) are prevalent in the 
general population. Treatments are lacking because these disorders are molecularly ill-defined. 
Recent advances suggest that the hundreds of human ASD and ID-linked genes converge on a 
few key biological processes in neurons that predispose to disease. Our studies focus on the role 
of the β-catenin (β-cat)/ canonical Wnt signal transduction pathway in cognition and social 
behaviors. β-cat functions in both cadherin synaptic adhesion complexes and canonical Wnt 
target gene expression; these pathways modulate synaptic density, maturation, and plasticity, and 
are essential for proper brain function. Several human ID- and ASD-linked genes are predicted to 
cause either loss- or gain-of-function of the β-cat/ canonical Wnt pathway. However, direct tests 
that β-cat malfunction can cause these disorders, and knowledge of the underlying 
pathophysiological changes, are largely lacking. Our recent studies show that targeted deletion in 
mouse neurons of adenomatous polyposis coli protein (APC), a major negative regulator of β-cat 
levels, leads to elevated β-cat, altered synaptic density and function, cognitive deficits and 
autism-like behaviors (reduced social interest, increased repetitive behaviors). We propose that 



among the downstream effects of APC loss, excessive β-cat is the major cause of these 
phenotypes. To test this, we have created a mouse that has targeted deletion of the degradation 
domain of β-cat, resulting in a stabilized protein product even in the presence of APC. Our new 
β-cat overexpressor mouse shows elevated β-cat levels in the brain, comparable to that of APC 
cKOs, and similar autism-like behaviors. However, β-cat overexpressor mice show more severe 
cognitive deficits, drastically reduced synaptic plasticity, severe reductions in AMPAR and 
NMDAR receptor levels, and an unanticipated upregulation of APC. We are identifying several, 
novel molecular and plasticity changes caused by aberrant β-cat levels in neurons. Our findings 
suggest new molecular etiologies that can cause cognitive deficits of different severities and 
autistic disabilities. 
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Abstract: The most consistent neuropathological finding in postmortem brains from individuals 
with autism is decreased numbers of GABAergic cerebellar Purkinje cells (PCs), most 
pronounced in the posterior lobe lateral hemispheric region. The Crus II area, located 
immediately inferior to the horizontal fissure, has strong connections with prefrontal cortical 
areas that participate in high order cognitive tasks. A previous study from our laboratory reported 
that the remaining PCs in the Crus II region had significantly decreased GAD67 mRNA levels, 
the key synthesizing enzyme for GABA (Yip et al., Acta Neuropathol., 2007, 113(5):559-68). 
Most PCs also express the calcium-binding protein parvalbumin (PV). Physiologically, PV-
containing neurons are fast spiking and exert powerful inhibitory effects on the soma and initial 
axon segment of their target neurons. For Crus II PCs, the main target neurons are those in the 
dentate nuclei that contain both excitatory and possibly inhibitory projection neurons, as well as 



inhibitory interneurons. The current study further examined PV mRNA levels in Crus II area of 
control and autistic brains using radioisotopic in situ hybridization histochemistry and 
quantification of labeling at the single cell level. Results indicate that PV mRNA levels are 
significantly decreased in autism compared to control cases (mean (±SEM) and was respectively 
114.7±14.48 vs. 191.6±32.13; n=10). mRNA values were not correlated with age at death or 
post-mortem interval in either group. In addition, there were no significant differences in PV 
mRNA levels between autism cases with reported seizures or not (respectively 148.7±49.51 vs. 
127.5±27.62; n=5). A decrease in the number of PV neurons has been recently documented in 
prefrontal cortex of autistic brains (Hashemi et al., Cereb. Cortex. 2016). Results in our study 
provide new evidence that altered PV expression could contribute to the pathophysiology of the 
cerebellum and possibly to the pathophysiology of cerebellar-prefrontal circuits in autism. A role 
of PV in autism is consistent with a recent animal study showing that brain-wide metabolic 
dysfunction of PV neurons leads to impaired sensory gating and social ability in the mouse (Inan 
et al., Neurobiol Dis., 2016, 93:35-46). We are currently investigating the possibility that a 
deficit in PV expression affects other brain regions in autism. 
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Abstract: A variety of cortical changes associated with autism spectrum disorders (ASD) 
indicate disruptions to cellular patterning during neurodevelopment, including evidence of 
altered laminar structure, abnormal cortical minicolumns and possible deficits in synaptic 
pruning. Microglia play a variety of developmental roles, including; supporting neuronal health, 
synaptic growth, and synaptic pruning, in addition to acting as the primary immune defenders of 
the central nervous system. Given their importance in neurodevelopment and the prevalence of 
immune disturbances comorbid with ASD, it has been suggested that microglia may be critical to 
the etiology of this disorder. Previous research has found support for an increase in immune-



activated microglia in the prefrontal cortex and increased density of microglia in ASD grey 
matter (Morgan, JT, et al. 2010). However, the ionized calcium binding antigen that has been 
used as a microglia marker in previous research is heterogeneously expressed across microglial 
morphologies and is most strongly expressed in activated microglia. Staining methods relying on 
this marker may therefore have an inherent bias towards labeling of activated microglia. Thus, it 
is possible that previous reports of increased microglial density indicate increased conversion to 
an activated state rather than increased proliferation. 
To explore this possibility, we compared cortical densities of microglia and oligodendrocytes in 
the supragranular layers (layers II and III) of posterior parietal cortex (Brodmann area 7) in four 
autistic males and five age- and sex-matched neurotypical controls. Tissue blocks were sectioned 
at 25µm across the cortical layers and stained with thionin to label Nissl bodies. In order to 
estimate cell population densities, counts were acquired from multiple tissue sections taken from 
each block using the optical dissector method (Stereologer, SRC Inc.). Microglial density was 
significantly increased within the ASD sample. Our findings support a possible general increase 
in microglial proliferation and density in the ASD cortex, which extends beyond microglial 
subtype and is not found in oligodendrocytes. Disturbances of microglial cell populations appear 
widespread in the ASD cortex, suggesting that altered microglial density may contribute to 
changes in synaptic and cellular patterning during cortical development. 
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Title: Dysfunctional cerebellar Purkinje cells contribute to autism like behaviours in Shank2-
deficient mice 
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Abstract: Autism-spectrum-disorders (ASD) are neurodevelopmental disease entities primarily 
defined by deficits in social interaction and repetitive behaviour. In addition, individuals with 
autism often suffer from motor skill deficiencies, many of which manifest early in the disease. 
The aetiology of ASD is complex with reported pathophysiological alterations encompassing 
multiple brain regions, including the cerebellum. Cerebellum-related motor symptoms of ASD 
patients have been observed by impairments in eyeblink conditioning, eye movement 
abnormalities, general motor learning deficits as well as balance and postural difficulties. Loss-
of-function mutations in the gene encoding the postsynaptic scaffolding protein SHANK2 are a 
highly penetrant cause of autism-spectrum-disorders (ASD) including cerebellum-related motor 
problems. Recent studies have implicated cerebellar pathology in the etiology of ASD. Using a 
KO mouse model we evaluated the possibility that cerebellar Purkinje cells represent a critical 
locus of ASD pathophysiology in SHANK2-related ASD. Absence of Shank2 impaired both 
Purkinje cell intrinsic plasticity and induction of long-term potentiation at the parallel fiber to 
Purkinje cell synapse. Moreover, inhibitory input onto Purkinje cells was significantly enhanced, 
most prominently in the posterior lobe where simple spike regularity was most affected. Using 
Purkinje cell-specific Shank2-knockout mice, we confirmed the in vivo alterations of simple 
spike regularity and the cerebellar-dependence of ASD-like behavioural phenotypes in motor 
learning and social interaction. These data highlight the importance of SHANK2 for Purkinje cell 
function, and support a model by which cerebellar pathology functions prominently in certain 
forms of ASD. 
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Abstract: Epigenetic regulation provides a molecular mechanism for long-lasting, activity-
dependent changes in gene expression. In the brain, increased neuronal activity can translate into 
changes in DNA and histone methylation with epigenetic consequences, contributing to 
neuroplasticity and memory formation. The folate and vitamin B12-dependent enzyme 
methionine synthase (MS) controls methylation and is sensitive to redox status, linking aerobic 
metabolism to epigenetic regulation. In previous postmortem brain studies we showed that MS 
expression in frontal cortex decreases dramatically with age (500-fold), while levels of the MS 
cofactor methylB12 (methylcobalamin; MeCbl) decrease more than 10-fold across the lifespan. 
Furthermore, in autistic subjects MS expression and MeCbl levels were significantly lower than 
age-matched controls, in association with decreased levels of the methyl donor S-
adenosylmethionine (SAM). MeCbl levels were also decreased in schizophrenia subjects. To 
determine whether these abnormal metabolic conditions are associated with epigenetic 
manifestations, we measured global levels of 5-methylcystosine (5mCyt), 5-
hydroxymethylcytosine (5hmCyt) and 5-formylcytosine (5fCyt) in DNA from Brodmann areas 
10/11 and 44/45 in frontal cortex. Levels of 5mCyt and 5hmCyt were higher in autistic subjects 
(4-11 yrs) vs. age-matched subjects (5-13 yrs), while levels of 5fCyt were lower. In 
schizophrenic subjects (36-49 yrs), levels of 5mCyt were lower than age-matched controls (36-
50 yrs), while levels of 5hmCyt and 5fCyt were higher. A comparison of young vs. middle-age 
control subjects revealed significantly lower levels of 5mCyt and 5fCyt, while levels of 5hmCyt 
were higher in the older subjects. These findings confirm that abnormally decreased MS 
expression and MeCbl levels in frontal cortex of autistic and schizophrenic subjects are 
associated with differential 5mCyt, 5hmCyt and 5fCyt status, suggesting that epigenetic 
dysregulation may contribute to neurodevelopmental and neuropsychiatric disorders. 
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Abstract: Autism Spectrum Disorders (ASDs) comprise a heterogeneous group of 
neurodevelopmental disorders characterized by a complex genetic etiology and impairments in 
social skills, communication and repetitive behavior. Mutations in the human APBA2/MINT2 
gene that encodes for a neuronal adaptor protein have been genetically-linked to autism. 
Interestingly, the PDZ domain of Mint2 interacts directly with neurexin I, an ASD gene, as part 
of a multi-protein complex that acts as a facilitator of neurotransmitter release. Since Mints are 
multi-domain proteins and bind to several synaptic proteins, this raises the question whether 
Mint2 ASD mutants alter the binding and function to any of its interacting partners and affect 
Mint2 function. Here, we found the autism-linked Mint2 N723S mutation located within the 
second PDZ domain effectively binds neurexin I, but leads to reduce neurexin I protein 
stabilization and defective trafficking to the membrane in HEK293T cells. To determine the 
direct effects of Mint2 N723S mutant in synapse formation in primary neurons, we examined the 
heterozygous Mint2 N723S mutation phenotype in a Mint knockout background based on 
redundancy of Mint proteins. We found neurons expressing Mint2 N723S mutant blocked 
heterologous synapse formation induced by neuroligin-1 which correlated with decrease in 
miniature event frequency in excitatory synapses. In addition, we performed live imaging of 
GFP-tagged Mint2 wild type and Mint2 N723S mutant in primary neurons and observed the 
N723S mutant was less mobile which may alter the surface mobility of neurexins to the plasma 
membrane. Together, our results suggest that sequence N723S variant in Mint2 lead to 
dysfunction in synaptic formation, in part due to alterations in intracellular neurexin trafficking 
and altered synaptic function of Mint2 as potential mechanisms that contributes to ASD 
pathogenesis. 
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Abstract: Autism spectrum disorders (ASD) are a heterogeneous group of neurodevelopmental 
disorders affecting one in every 68 children under the age of three. It is generally accepted that 
ASDs have a genetic component and many large-scale screens have identified several 
susceptibility genes involved in synapse development. However, the relationship between ASDs 
and synaptic dysfunction is poorly understood. In order to explore this relationship, we selected 
genes from the SFARI database that had not been strongly correlated with ASD and asked 
whether these genes might disrupt synaptic structure/function. For this, we utilized the 
Drosophila neuromuscular junction, which is a model of synapse development. Furthermore, 
Drosophila allows for powerful genetic manipulations, high-resolution single synapse studies 
and electrophysiological characterization that can be performed with relative ease. We found that 
some of these genes may disrupt axonal transport of synaptic proteins. These deficits in axonal 
transport could lead to improper development and malfunction of synapses, thereby affecting 
their normal neuronal function. These data will be further discussed during the conference. 
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Abstract: Dysfunctional homeostasis has been suggested as a potential pathogenic mechanism 
underlying autism spectrum disorders (ASD). To explore this possibility, we have studied 
homeostatic regulation of synaptic transmission and intrinsic excitability in a mouse model (TS2-
neo) of a monogenic form of ASD, Timothy Syndrome (TS). TS arises from mutations in the 
pore /forming subunit of the CaV1.2 calcium channel and recapitulates ASD behaviors. 
We characterized differences between wild-type (WT) and the TS2-neo mouse model of TS with 
regard to homeostatic regulation of unitary neurotransmission and spike firing. We investigated 
changes in homeostatic synaptic plasticity by measuring miniature postsynaptic currents 
(mEPSCs) in dissociated primary cultures from cortices of heterozygous TS2-neo and WT 
siblings. Between 12-14 days in vitro (DIV), TS2-neo pyramidal neurons exhibited a lower basal 
frequency of events no difference in mEPSC amplitude compared to WT. After 24 h of action 
potential (AP) blockade by chronic tetrodotoxin (TTX) treatment, mEPSC amplitude increased 
in both TS2 and WT pyramidal neurons. Relative to WT, the TS2-neo pyramidal cells exhibited 
a significantly larger rightward shift in their amplitude distribution curve after TTX treatment, 
whereas mEPSC frequency was not different. 
We also assessed homeostatic regulation of intrinsic excitability in pyramidal neurons, both in 
primary cortical cultures and ex vivo slices, by monitoring the alternative splicing of BK 
channels, a pivotal regulator for AP duration. As we describe elsewhere, chronic TTX treatment 
resulted in a prolongation in action potential attributed to the reduction in the inclusion of exon 
29 (E29) in BK channel mRNA. Strikingly, the effect of inactivity was accentuated in TS2-neo 
neurons, just as for synaptic strength; in these neurons, E29 inclusion was significantly less than 
in WT E29 inclusion, both in cultures treated with TTX and in pyramidal neurons in contralateral 
visual cortex after 5 d monocular deprivation (MD) in vivo. We also observed 
electrophysiological differences (AP prolongation, increased excitability) in layer 2/3 pyramidal 



neurons recorded ex vivo from MD animals. 
These data reveal intriguing alterations in the homeostatic responses of TS2-neo pyramidal 
neurons, both in vitro and in vivo. The general pattern is that responses to homeostatic challenges 
are exaggerated in the mutant genetic context, both for synaptic events and neuronal properties. 
Our results encourage further investigation of homeostatic regulation in neuropsychiatric 
diseases and the hypothesis that dysfunctional homeostasis may contribute to ASD. 
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Abstract: Timothy syndrome (TS) is a rare multisystem genetic disorder caused by mutations in 
the L-type calcium channel Cav1.2 and manifesting with cardiac arrhythmia, autism and 
epilepsy. We focused on an established TS mouse model (TS2-neo mice; Bader et al. 2011) that 
recapitulates critical autistic features of the human disease. These mice develop an autism 
phenotype prior to 3 months of age, but the nature and time course of abnormal electrical brain 
activity is not known. Accordingly, we investigated their spontaneous activity and seizure 
susceptibility under Kainic acid (KA) by performing long-term (6 h to 2 weeks) video-
electroencephalography (V-EEG). 
Methods: 3-6 month old mice under Isoflurane anesthesia were implanted with 6 epidural 
electrodes. In search of spontaneous activity, each animal was subjected to recordings for 60 h at 
3 different points (20 h per session). For seizure susceptibility, animals were recorded for 2 h at 
baseline before KA administration (25mg/kg; i.p); after the injection mice were recorded for an 
additional 4 h to determine seizure latency (n=6 for each phenotype). Behavioral scoring for 



seizure intensity after KA injections was performed with the Schauwecker and Steward Scale 
(1997). Seizure latency was determined along with the time spent to reach the first stage stage 
(S1) and the first tonic-clonic seizure (S4). 
Results: Spontaneous activity was increased in the TS mice compared to controls as seen in the 
mean number of single spikes (p<0.0005), repetitive spikes (p<0.02), and runs of spikes 
(p<0.0005) over a 30 min period. Over 90 min, highly significant differences were found for all 
three conditions (p<0.0001) (n=6 for each phenotype). After KA injections, seizure susceptibility 
was greater in autistic mice compared to controls (p<0.012). Also, TS mice required less time to 
reach the first state (S1) (p<0.0004) or the first tonic-clonic seizure (S4) (p<0.015). 
Conclusions: Our results support the relevance of the TS mouse for studying the mechanistic link 
between epilepsy and autism, and its possible usefulness as a model system for the testing of new 
therapeutics. 
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Abstract: Epidemiological studies suggest that the risk of developing autism spectrum disorder 
(ASD) is increased by prenatal exposure to viral or bacterial infection during pregnancy. 
Individuals diagnosed with ASD have impairments in behavioral flexibility as evidenced by a 
probabilistic reversal learning deficit. Here we investigated how maternal immune activation 
(MIA) may impact behavioral inflexibility in mice in a spatial discrimination task using an 80/20 
probabilistic reinforcement procedure. We hypothesized that MIA would lead to impaired 
probabilistic reversal learning, social approach deficits, and repetitive grooming which is 
associated with lower order repetitive behaviors expressed in ASD. MIA was initiated by 



injecting pregnant C57BL/6J dams with 20 mg/kg polyriboinosinic-polyribocytidilic acid (poly 
I:C) in saline on gestational day 12.5. Control females were injected with saline. Both male and 
female pups born to poly I:C- or vehicle-treated dams were subsequently tested for ASD-relevant 
behavioral phenotypes, including social approach, repetitive grooming, and probabilistic reversal 
learning. Male and female offspring of MIA or control dams demonstrated comparable learning 
for the initial probabilistic discrimination. MIA led to impaired probabilistic reversal learning 
compared to controls in male mice but not female mice. Similarly, male MIA mice exhibited 
decreased social approach and elevated repetitive grooming compared to saline-treated control 
mice, while MIA females did not exhibit these phenotypes. These findings suggest that MIA 
during late gestation can lead to impairments in behavioral flexibility in male mice similar to that 
exhibited in ASD individuals. These findings provide a model for examining novel treatments 
for disorders such as autism that may be triggered by prenatal immune challenges. 
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Abstract: Maternal immune activation (mIA) through administration of the viral-mimetic 
polyriboinosinic-polyribocytidylic acid (poly-I:C) is a key model for neurodevelopmental 
disorders such as schizophrenia (see Knuesel et al. 2014 for review). Gestational and early 
postnatal day neurodevelopmental changes in the offspring of poly I:C treated mothers have yet 
to be fully explored in rats. Our study aimed to establish an mIA model in rats and investigate 
early neurobiological markers in male and female offspring from poly I:C-treated rat dams. MIA 
was induced in pregnant Wistar rats with 10mg/kg poly I:C at gestational day (GD)15. Blood 



samples were taken at 3h following poly I:C administration and changes in IL-6 expression 
measured in the plasma by ELISA. Offspring development was assessed in males and females at 
GD21 and postnatal day (PD)21. Brains were harvested for quantitative RT-PCR to measure 
changes in expression associated with neuronal development (myelin basic protein, MBP; 
myocyte enhancer factor-2, Mef2; major facilitator superfamily domain 2a, Mfsd2a; semaphorin 
3a, Sema3a; shank3), glial cells (glial fibrillary acidic protein, GFAP; olfactomedin-like 3, 
Olfml3). Microglia in 30um hippocampal slices from male offspring were stained using Iba1. 
Values are means of multiple counting frames for 6 slices per brain. Counting areas were 
randomly placed over the hippocampus. Counting was performed by an experimenter blind to 
treatment. Number of total microglial cells counted classed as resting (A), intermediate (B) or 
ameboid (C) was calculated. Poly I:C at 10mg/kg on GD15 induced mIA without affecting litter 
numbers or maternal weight. However, at GD21, pups of poly I:C-treated dams displayed 
reduced weight, length, head circumference and placenta weight and this reduction in body 
weight was maintained in both genders at PD21. Elevated expression of Mef2 and Sema3a was 
observed in the frontal cortex of offspring of poly I:C-treated dams at both GD21 and PD21, 
whereas MBP expression was reduced at GD21 but elevated at PD21 and Mfsd2a expression 
reduced at GD21 only. We also observed significantly elevated levels of ameboid microglia in 
hippocampus on PD21. We have established a robust model of mIA in rats and used this to 
identify early neurodevelopmental changes. Poly I:C-induced mIA resulted in pup and placenta 
growth restriction alongside changes in markers suggesting delayed myelination and 
development of the blood-brain barrier but accelerated synaptic pruning and axonal guidance and 
activation of microglia. This work supports existing data in mice and further provides a model to 
study behavioural changes in rats alongside neuroimaging read-outs. 

Disclosures:   J. Neill: 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; current research 
funding from Takeda, GW Pharma, Roche, Autifony, Eisai, Boehringer Ingelheim. M. Edye: 
None. K. Murray: None. M. harte: None. J. Dennison: None. I. Knuesel: A. 
Employment/Salary (full or part-time): Irene Knuesel is a full-time employee of Roche. E. 
Prinssen: A. Employment/Salary (full or part-time): Eric Prinssen is a full-time employee and 
share holder of Roche. 
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Abstract: Perinatal inflammation increases risk for neurodevelopmental disorders, including 
autism, schizophrenia and ADHD, and both autism and ADHD are four times more common in 
males than females. Maternal allergic conditions during pregnancy increase the risk for ADHD 
and autism in children and allergic conditions are highly co-morbid with both ADHD and 
autism, but little is known about how allergic inflammation may alter brain development to 
increase risk for these neurodevelopmental disorders. In these experiments, we sought to 
determine whether prenatal allergic immune challenge shapes a.) innate immune cell number or 
activity in the developing brain, b.) locomotion, anxiety, cognitive flexibility, and social 
behavior and c.) dendritic spine density in the prefrontal cortex of male and female offspring. 
Adult female rats were sensitized to ovalbumin (OVA) via two injections with alum adjuvant, 
and then bred. On embryonic day 15 dams were challenged with intranasal OVA, which induced 
significant increases in maternal serum levels of IgE. On embryonic day 16 or the day of birth, 
brains of pups were assessed for innate immune cell numbers, both microglia (immunostained 
for the marker Iba1) and mast cells (stained with toluidine blue). Prenatal allergen exposure led 
to significant increases in microglial and mast cell number and activation in brains of both male 
and female offspring. A second cohort of OVA-exposed pups was grown to adulthood for 
behavioral testing and dendritic spine analysis. On the open field test, OVA offspring showed 
decreased anxiety and increased locomotor behavior. In juvenile social play testing, OVA 
challenged males showed decreases in sociality. Animals were then tested for cognitive 
flexibility and working memory on the attentional set shifting task, which is dependent on the 
prefrontal cortex. OVA-exposed offspring showed no deficits in simple discrimination, but 
showed significant deficits in reversal and extra-dimensional shifting, indicative of attentional 
deficits or cognitive inflexibility. Following behavioral testing, animals were sacrificed and their 
brains processed for Golgi-Cox staining and dendritic spine density assessed using Neurolucida 
software. Preliminary data shows that OVA exposure led to significant decreases in dendritic 
spine density in males, and significant increases in dendritic spine density in females. Together, 
these studies show that prenatal allergen exposure alters brain development and function and 
may be an underappreciated contributor to neurodevelopmental disorders. 
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Abstract: Introduction: Group B Streptococcus (GBS) is infecting 15-30% of pregnant women, 
and is one of the major causes of chorioamnionitis, which is associated with preterm births and 
perinatal brain injuries leading to neurobehavioral impairments such as autism spectrum disorder 
(ASD). Our hypothesis is that end-gestational GBS infection of the dams impacts the placenta 
through an interleukin-1β (IL-1β)-driven inflammatory response, and that IL-1 driven 
chorioamnionitis leads to critical ASD network injuries. Using a rat model, our goal was to study 
the consequences of GBS infection on the placenta, and the subsequent neurodevelopmental 
effects in the offspring. 
Methods: Lewis dams were inoculated intraperitoneally on gestational day (G) 19 with live 
serotype Ia GBS (108 CFU). Caesarian-sections were performed at multiple time points 
following the infection to collect placentas, and maternal and fetal blood samples. The 
maternofetal inflammatory response was studied by ELISA and immunohistochemistry. 
Behavioral tests were performed from postnatal day (P)7 to P40 to assess ASD-like behaviors. 
Brains were collected at P40 for histological studies. Magnetic resonance imaging and diffusion 
weighted imaging were performed on young adult rats. 
Results: GBS placentas were infected, but did not result in pups’ infection. Male offspring from 
GBS-exposed dams presented developmental impairments characterized by ASD-like behaviors 
with defective: communication, social interactions, and sensory integration. GBS-exposed dams 
displayed chorioamnionitis characterized by a higher infiltration of polymorphonuclear cells in 
male than female. Following GBS infection, increased titers of IL-1β were detected in maternal 
blood, male placentas, and male fetuses’ blood, vs control tissues. At P40, GBS-exposed males 
showed a reduced thickness of the external capsule, of the frontal neocortex and of the corpus 
callosum, with a decreased mean fractional anisotropy in the anterior part of the corpus callosum. 
An increased thickness of the cingulum were observed in GBS-exposed males. None of these 
differences were observed in GBS-exposed females. Placental inflammation and forebrain 



injuries will be further characterized by ongoing studies. 
Discussion: Exposure to live GBS induces maternofetal immune activation resulting in 
neurodevelopmental abnormalities recapitulating those of human ASD, including sex dichotomy 
and behavioral phenotype. The results of the present study provide new evidence in favor of the 
role of a common and modifiable infectious/inflammatory environmental factor in human ASD 
pathophysiology. 
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Authors: *R. F. MERVIS1, S. P. ZAJD2, A. D. BACHSTETTER3, K. DEMAYO4, A. 
BARTON4, E. ORELLANA4, J. ESSA4, A. SIDHOM4, J. S. PADILLA4, S. BAZZI4, N. K. 
PATEL5, N. NOBREGAS4, W. I. LIPKIN6, M. HORNIG6;  
1Neurostructural Res. Labs, Temple Terrace, FL; 2Neuromorphology Study Group, 
Neurostructural Res. Labs, Tampa, FL; 3Anat. & Neurobio., Univ. of Kentucky, Lexington, KY; 
4Col. of Arts & Sci., 5The Honors Col., Univ. of South Florida, Tampa, FL; 6Ctr. for Infection & 
Immunity, Columbia University, Mailman Sch. of Publ. Hlth., New York, NY 

Abstract: There is much concern surrounding the neuropathological sequelae of gestational Zika 
virus infection in man. Here, we examined the effects of another neurotropic RNA virus, the 
Bornavirus, on the developing brain of rat pups. Information regarding the impact of this viral 
infection on developing neurons and neural circuitry would lend additional insight (and could 
raise red flags) regarding the potential neurodevelopmental consequences of other related fetal or 
neonatal viral infections. Neonatal Lewis rats were infected with Borna Disease Virus (BDV) by 
innoculation into the right cerebral hemisphere (N=6). Controls (N=6) received PBS. Three 
week-old rats were sacrificed and brains stained using Rapid Golgi (hemispheres) or Golgi-Cox 



(cerebellum) procedures. Dendritic branching and spines were quantitated from coded slides. 
BDV-infected rat brains tended to show widespread dysmorphic changes in neurons 
characterized by reduced branching of the dendritic arbor and loss of complexity of the tree, and 
of dendritic spine loss, often accompanied by dendritic branch varicosities Significant effects of 
the viral infection were seen in all regions evaluated. The most salient reductions were found 
were found in: (1) Cerebellar Purkinje cells: branching area (-21%), spines (-16%); (2) 
Hippocampal CA1s: basilar branching (-20%), spines (-9%); (3) Dentate Gyrus Granule cells: 
branching (-29%), spines (-25%, thin spines); (4) Parietal Cortex Layer V pyramids: basilar 
branching (-19%), spines (-12%). These findings suggest that early exposure to a neurotropic 
RNA virus can disrupt maturation of normal dendritic parameters, impair neuroplasticity, and 
damage brain circuitry. As such, these virus-related dysmorphic changes may represent an 
underlying neurostructural basis for the pathogenesis of subsequent cognitive impairment and/or 
developmental disorders. 

Disclosures:  R.F. Mervis: None. S.P. Zajd: None. A.D. Bachstetter: None. K. DeMayo: 
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Abstract: Recent behavioural studies in our laboratory revealed decreased anxiety-like 
behaviour in T cell deficient mice. Specifically, mice lacking the β and δ chains of the T cell 
receptor (TCRβ-/-δ-/-) showed reduced anxiety-like behaviour in several approach/avoidance 



behavioural tests including the elevated plus maze (EPM), open field test, and light/dark box test 
in adulthood. Research from our laboratory also indicates the relevance of early life immune 
function to later behavioural outcomes, as mice challenged with lipopolysaccharide in the first 
week of life demonstrated sex-specific alteration in both the temporal emergence and phenotypic 
expression of anxiety-related and exploratory behaviours. This study examines peripheral 
immune cells and behaviour in adolescence and adulthood in wild type (WT) and TCRβ-/-δ-/- 
mice. Behaviour was assessed using the EPM at postnatal day 28 (P28, pre-puberty in mice), 
marble burying at P42, open field at P56, novel object at week 10 and 14, and fear conditioning 
at week 16. Both male and female TCRβ-/-δ-/- mice showed increased exploratory behaviour 
measured by time spent in the intersection zone of the EPM and reduced anxiety-like behaviour 
measured by increased number of open arm entries. Interestingly, male TCRβ-/-δ-/- mice showed 
increased risk assessment behaviours measured by head dips while on the open arm that was not 
observed in female TCRβ-/-δ-/- mice. No difference was observed in marble burying. Increased 
locomotor activity was observed in the open field. The behavioural differences observed in T cell 
deficient mice pre-puberty mirror previous findings in adult mice, suggesting that T cells 
influence the central nervous system early in development. Genotype and sex-by-genotype 
effects were observed in both cued and contextual fear conditioning in TCR β-/-δ-/- mice. 
Analysis of novel object is ongoing. Results of FACS analysis at P28 shows increased neutrophil 
numbers in both male and female TCR β-/-δ-/- mice that was significantly associated with 
behaviour. While additional analysis is ongoing, these initial findings suggest that changes in the 
profile of immune cells influences anxiety-like behaviour. 
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Abstract: Background. Neuropsychiatric disorders, like schizophrenia (SCZ), represent an 
important burden for the individual and the society. Understandably, a considerable research 
effort aims to unravel the underlying pathological mechanisms. Recent research showed that the 
synergistic effects of prenatal and peripubertal stressors lead to behavioral anomalies reminiscent 
of schizophrenia. This “double hit” model suggests that a prenatal stress could induce brain 
vulnerability to subsequent stressors. Considering the dramatic increase of high fat diet (HFD) 
consumption in the West, it is crucial to investigate the repercussions of this biological stressor. 
HFD consumption is known to increase pro-inflammatory cytokines and, during pregnancy, 
leads to microglial activation in the offspring. Microglia are involved in synaptic pruning during 
development suggesting that their abnormal activation could result in neuronal circuit miswiring, 
leading to abnormal schizophrenia-like behaviors. Objective. Our aim is to understand the effect 
of maternal HFD, as a prenatal biological stressor, rendering the developing brain vulnerable to 
subsequent stressors that may lead to SCZ-like pathology through aberrant synaptic pruning. 
Methods. To test this hypothesis, we used a “double hit” mouse model where maternal high 
saturated fat diet was used as a prenatal stressor combined with administration of 
lipopolysaccharide at postnatal day 30 in the offspring, to mimic bacterial infections occurring at 
puberty. Behavioral paradigms were performed to assess resulting changes in anxiety, 
stereotyped behaviors, as well as impairment of learning, memory, and social interactions. 
Microglial function, neuronal connections and neuron-microglia interactions were evaluated in 
the adult brain (P80) of these offspring using immunohistochemical staining, quantitative-PCR 
and western blot. Results. Animals from the “double hit” group presented more pronounced 
behavioral anomalies during adulthood compared to the control and “single hit” groups. These 
behavioral changes were associated with changes in some of the molecular signals involved in 
microglial pruning. Conclusion. Our study provides new insights into the mechanisms 
underlying brain vulnerability to common biological stressors and their deleterious effects on 
microglial function. In the long-term, it could lead to the development of new therapeutic targets 
for schizophrenia, as well as new nutritional guidelines for pregnant and nursing women aimed 
at preventing brain developmental disorders such as SCZ. 
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Abstract: Introduction: Recently, increasing research has focused on the connections between 
the immune system and the nervous system, including its possible role in the onset of several 
neurodevelopmental disorders (NDDs). The hypothesis is that aberrant immune activity during 
vulnerable and critical periods of neurodevelopment could participate in the generation of 
neurological dysfunction characteristic of several NDDs, including autism, schizophrenia, and 
epilepsy. Numerous epidemiological studies have shown an association between maternal 
infections and the risk of NDDs; animal models of Maternal Immune Activation (MIA) have 
confirmed this dangerous association. Aims: One of the pathway with a main role both in neuron 
plasticity and immune system regulation is nuclear factor-κB (NF-κB). In this study, we 
evaluated whether mice lacking the NF-κB p50 subunit (p50-/-) represent a new model of MIA 
and if they present alterations in cortical structure, with consequent behavioural impairments. 
Methods: p50-/- and wild type mice were analyzed, in terms of inflammation, cortical structure 
and behavioural abnormalities, to clarify the role of a biological mechanism (NF-κB pathway) in 
the pathophysiology of NDDs and to study possible ways of therapeutic intervention. 
Experiments were conducted on both male and female mice. Results: p50-/- mice have been 
reported to show multifocal defects in immune responses and we found that they display a 
chronic inflammation phenotype. Indeed, we observed increased brain gliosis in the cortex and 
altered cytokines levels in the serum of p50-/- mice. Looking at structural brain alterations, we 
found that p50-/- mice at post-natal day 2 present an increase in radial glial cells, an in Reelin 
protein expression levels, other than a specific alteration in the cortical layering. Moreover, adult 
p50-/- mice display abnormal columnar organization in the somatosensory cortex, a specific 
decrease in somatostatin- and parvalbumin-expressing interneurons, altered neurite orientation 
and a concomitant decrease in Synapsin I protein levels. Concerning behaviour, p50-/- mice, 
other than an increase in locomotor and exploratory activity, present impairments in social 
behaviours, with a reduction in social interaction, and impaired communication. Finally, we 
found that Risperidone treatment decreased hyperactivity in p50-/- mice. Conclusions: Together, 
these data provide new insight on the possibility of a link between altered function of NF-κB and 
the pathogenesis of NDDs. We propose NF-kB p50-/- mice as a new mouse model of MIA 
leading to NDDs with social impairment. 
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Abstract: The Polyinosinic-polycytidylic acid (PolyIC) model, which mimics the acute phase of 
a viral infection, has become one of the most widely used models in maternal immune activation 
(MIA) research, particularly for research in the fields of schizophrenia and autism. PolyIC 
consists of a chain of double stranded inosine (I) and cytidine (C), and as a result of its 
manufacture the chain length and therefore molecular weight can vary dramatically. Recent 
studies have shown that in vitro, the ability of PolyIC to stimulate an immune response can vary 
greatly depending on molecular weight. The present studies were carried in order to determine 
the relationship between molecular weight, immune system activation and sickness behavior. 
This information is critical for further development of the MIA. Females rats were treated with 
either saline, low molecular weight PolyIC (LMW-PolyIC), or high molecular weight PolyIC 
(HMW-PolyIC). Levels of the proinflammatory cytokine IL-6 were measured at 3, 4.5, and 6 
hours after injection. Sickness behavior, including core temperature, activity and basal 
metabolism, was monitored for 24-hours post injection. Mean serum IL-6 was significantly 
elevated three hours after injection in animals receiving LMW-PolyIC compared with those 
receiving saline alone (p < 0.01). Animals receiving HMW-PolyIC had significantly higher IL-6 
levels compared to saline controls (p < 0.001), and significantly higher levels over LMW-PolyIC 
(p = 0.02). Similarly, at both 4.5 (p = 0.006) and 6 (p = 0.002) hours after injection animals 
receiving HMW-PolyIC had significantly higher levels compared with animals receiving LMW-
PolyIC. PolyIC of varying molecular weights can induce significantly different IL-6 responses in 
vivo. This has major implications for the MIA model and highlights the need to validate the 
reagents used, and to interpret of the results of previous studies with these results in mind. 
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Title: Toll-like receptor-selective placental vulnerability, fetal brain impairment and post-natal 
behavioral deficits in models of neurodevelopmental disorder 
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Abstract: Neurodevelopmental disorders (NDD), such as autism and schizophrenia have a 
diverse and multi-faceted etiology that is poorly understood, though epidemiological studies 
suggest that environmental risks such as prenatal infections or other gestational immune events 
correlate with increased NDD risk. Innate immune responses are evoked by toll-like receptor 
(TLR)-dependent signaling pathways. Both bacterial- (TLR4 selective) and viral- (TLR3-
selective) mimetic-mediated maternal immune challenges have been shown to result in brain and 
behavioral changes (as reviewed by Meyer 2014), however, differences in methodologies 
prevent the direct comparison of the TLR- selective effects. Previously, we demonstrated that a 
TLR4-selective insult at E12.5 has adverse effects on fetal and placental health, proliferation of 
radial glial cells, altered cortical laminar patterning in the adult and behavioral deficits 
(Carpentier et. al 2013). Here, we aim to directly determine the differential effects of TLR3- and 
TLR4-selective agonists on a similar set of assays. Placental pathology and pregnancy outcomes 
were evaluated by quantifying tissue necrosis and fetal survival, respectively. Neocortical 
alterations in the developing fetuses were examined via immunohistochemistry for markers of 
cell proliferation and neural progenitor cell populations. Finally, behavioral outcomes were 
measured using tasks that evaluate behaviors analogous to the symptoms of NDDs, including 
pup vocalizations, social approach and pre-pulse inhibition. Our results indicate that bacterial 
and viral immune insults differentially affect placental health, fetal viability and early embryonic 



brain development. Post-natal behaviour outcomes also appear divergent with the bacterial insult 
leading to an earlier onset and more severe phenotype of behavioural alterations. These findings 
suggest that specific immune events create differential outcomes for the health of the placenta 
and fetus and lead to distinct changes in cortical patterning which can ultimately manifest as 
unique behavioural symptoms. Our results have implications for understanding how similar 
environmental insults may lead to distinct developmental disorders or contribute to the 
heterogeneity of a specific condition. 
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Abstract: Autism Spectrum Disorders (ASD) are a class of neurodevelopmental disorders that 
currently affect around 1 in 68 children in the U.S. While genetics are key factors in the 
development of ASD, environmental factors such as perturbations in utero are believed to play a 
crucial role. Recent reports suggest an association between maternal allergic asthma (MAA) and 
a heightened risk of having a child later diagnosed with ASD. However, these studies are limited 
in identifying causal mechanisms and are unable to control for genetic susceptibility. Mouse 
strains afford the unique opportunity for exploring how maternal immune alterations may 
interact with genetic background to exacerbate environmental insults. For example, while both 
C57 and FVB mice show high social approach behaviors, FVB mice exhibit an enhanced 
immunological response to allergic asthma exposure compared to C57 mice. Therefore, it was 
hypothesized that MAA exposure in FVB dams would result in exacerbated ASD-like behavioral 
responses in offspring compared to C57 mice. To test this, we utilized a novel MAA mouse 
model in which female mice were sensitized and exposed to repeated allergic asthma inductions 



throughout pregnancy. Male and female C57 and FVB offspring were tested for autism-
associated behavioral deficits following developmental exposure to maternal allergic asthma. 
Our findings indicate an interaction between mouse strain and MAA exposure on sociability 
measures. Interestingly, while C57 mice showed no changes in sociability between treatment 
conditions, FVB offspring showed altered social approach and reciprocal social interaction when 
born to MAA-exposed dams, indicating a gene by environment interaction. These findings 
support a link between maternal allergic priming and altered social development in offspring. 
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Abstract: Exposure to city-level pollution, especially fine-sized particulate matter (<2.5 microns 
in diameter; PM2.5), can have adverse neurodevelopmental effects. For example, epidemiological 
studies indicate that living in close proximity to a highway is associated with an increased risk of 
having a child who is later diagnosed with autism or other neurodevelopmental disorders. Mouse 
models offer a unique opportunity to directly test the biological and behavioral consequences of 
air pollution and identify which specific constituents produce neurodevelopmental deficits. 
Pregnant female B6C3F1 mice underwent whole-body exposure to Concentrated Ambient PM2.5 
(CAPs) or Filtered Air (FA) for 6 hours per day throughout gestation followed by additional 
exposures 2 hours per day for 10 days postpartum. Adult offspring were then tested for autism-
associated behavioral changes including reciprocal social interaction, social approach and 
recognition, and repetitive grooming behavior. Results revealed significant impairments in social 
behavior and increased repetitive grooming in male mice exposed to CAPs throughout 
development. These data support the link between environmental air pollution and increased risk 
of neurodevelopmental disorders. 
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Abstract: At birth, the newborn is exposed to a sudden transition from low oxygen in utero to 
relatively high oxygen tension in the extrauterine environment. With an already underdeveloped 
antioxidant defense system, coupled with high frequency of oxygen ventilation for lung 
complications, the preterm infant becomes particularly vulnerable to oxidative stress from 
reactive oxygen species (ROS). This can lead to cerebral damage and neurological sequelae, 
including learning difficulties. Adolescents born preterm show spatial memory deficits correlated 
with a smaller hippocampus1, a brain structure important for cognitive processing. Disrupted 
hippocampal development is implicated, but the effects of high oxygen levels on ROS 
production and its consequences in developing hippocampal neurons have not been established. 
This study aims to evaluate 1/ the impact of hyperoxia (HO) on ROS production and its 
consequences in developing hippocampal neurons in a mouse model of neurodevelopmental 
injury, and 2/ the benefits of a pharmacological intervention by inhibiting GSK3β, a pro-
apoptotic and anti-proliferative kinase. 
Using a hyperoxia model of perinatal brain injury2,3, which consists of exposing mice to high 
oxygen tension (80%) from postnatal day (P) 6 to 8, we have shown that HO induces a 
significant production of ROS (as evidenced by injecting pups with di-hydroethidium, a cellular 
superoxide indicator) in all subfields of the hippocampus (CA1-3 and dentate gyrus). This was 
associated with exacerbated cell death and reduced cell proliferation. By P60, HO mice exhibited 
a significant loss of interneurons in the whole hippocampus, and the dendritic arborization of 
remaining interneurons was significantly less complex than room air controls. Furthermore, 
GSK3β, a kinase known to increase apoptosis and to decrease neurogenesis and neuritogenesis, 
was more active in the hippocampus following HO. Finally, the HO-induced cellular alterations 



observed at P8 and P60 were entirely prevented by GSK3β inhibitor administration during HO 
exposure. 
In conclusion, our data show that early-life exposure to HO leads to increased hippocampal 
levels of ROS and the activated form of GSK3β. This is accompanied by a decline in 
neurogenesis and a disrupted development of the local inhibitory network. Taken together, these 
modifications may account for the diminished learning ability observed in our mouse model as 
well as in humans. Notably, the inhibition of GSK3β could represent a potential therapeutic 
intervention against the neurological outcomes of preterm birth. 
1 Isaacs et al, Pediatric Res, 2000; 2 Schmitz et al, J Neuroscience, 2011; 3 Ritter et al, J 
Neuroscience, 2013. 
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Title: Long-term cognitive dysfunction associated with isoflurane/nitrous oxide-induced general 
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Abstract: In proof-of-concept studies in rhesus monkeys it was shown that 24 hours of 
ketamine-induced general anesthesia during the first week of life caused significant neuronal cell 
death and seemingly permanent cognitive deficits in rhesus monkeys. In subsequent studies 
similar effects were noted after only 8 hours of general anesthesia induced by isoflurane (ISO, 
1%) plus nitrous oxide (N2O, 70%). In both cases, subjects began training at 7 months of age to 
perform cognitive function tasks as part of the National Center for Toxicological Research 
Operant Test Battery (OTB): these included tasks for assessing learning, motivation, color 



discrimination, and short-term memory. Subjects responded for food pellets by pressing response 
levers and press-plates during daily (M-F) test sessions (50 min). Training scores were assigned 
based upon their individual task performance. Beginning as early as 8 months of age—and 
continuing throughout prolonged testing (>2 years) typically with no indication of recovery—
exposed animals earned fewer reinforcers in a task assessing appetitive motivation, completed 
less of a task designed to assess daily learning, and performed a visual discrimination tasks less 
efficiently than controls. Acetyl-l-carnitine, an anti-oxidant and mitochondrial membrane 
stabilizer, when given prophylactically was able to prevent many of the adverse functional 
effects of the ISO plus N2O anesthesia. These data suggest that specific behavioral phenotypes 
are associated with general anesthetic exposures that occur during a sensitive period of brain 
development and that certain agents will be able to ameliorate at least some of the developmental 
neurotoxicity associated with general anesthesia. 
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Abstract: As a result of advances in medical practice more children born pre-term or with birth 
complications are surviving to adulthood. An unintended consequence of this is that more 
children are being exposed to various anesthetic and sedative agents at increasingly younger 
ages. The developmental consequences of these exposures on cognitive function are largely 
unknown because it is difficult to evaluate the safety of these agents directly in a pediatric 
population. In this circumstance nonhuman primates serve as necessary alternatives to estimating 
the neurotoxicological risk associated with perinatal drug exposure in very young children. In an 
attempt to model human pediatric anesthetic use, we exposed rhesus monkeys on post-natal day 
5 or 6 to intravenous ketamine-induced general anesthesia (24h). When these monkeys reached 7 
months of age, we started training them on the National Center for Toxicological Research 



(NCTR) Operant Test Battery (OTB) to determine potential effects on cognitive ability. The 
OTB is designed to measure various aspects of complex brain function including color and 
position discrimination, working memory, motivation, and temporal discrimination / impulsivity 
and learning. We previously reported that after nearly 3 years of training animals exposed to 
ketamine performed worse on a color and position discrimination task and on a progressive ratio 
(PR) motivation task. These animals, now adults 9-10 years old, continue to show a similar 
pattern of impairment when compared to a control group (n=6). The ketamine group (n=6) 
consistently performs worse on an incremental repeated acquisition task (spatial discrimination 
learning task), earns fewer rewards in a temporal response discrimination (timing) task and a PR 
task and responds more slowly. Over the last 100 sessions the ketamine group has on average 
performed 1 standard deviation below the control group on these measures, suggesting that these 
impairments are permanent in the absence of a remediation program. Yet some areas of function 
appear to be preserved: no impairment was observed in the ability to learn a visual conditioned 
place response after response contingencies were reversed. These data indicate that 24h of 
ketamine anesthesia on postnatal day 5 or 6 is capable of causing permanent changes in cognitive 
performance in the rhesus monkey and suggest that a similar ketamine general anesthetic 
regimen would likely have detrimental consequences in very young human infants. Additional 
work is underway to determine if this effect is specific to ketamine, or a more general 
consequence of neonatal anesthesia. 
Supported by CDER/FDA and NCTR/FDA (Protocol # E0736401) 
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Abstract: Previous studies have shown that rats and mice prenatally treated with sodium 
valproate (valproic acid, VPA) exhibit deficits in social behaviors that resemble some aspects of 
autism spectrum disorders. Although significant discoveries on the embryopathology of VPA 
have been proposed, not one study has assessed its effects on social bonding, a complex behavior 
not exhibited by rats and mice. In this study, we aimed at validating the socially monogamous 
prairie vole (Microtus ochrogaster) model for the study of the effects of prenatal VPA exposure. 
Male and female control and VPA-prenatally exposed subjects were assessed on a battery of 
behavioral tests to evaluate the VPA-induced social deficits and anxiety-like behavior. VPA-
pretreated voles engaged in fewer play behaviors and had reduced social interaction with novel 
conspecifics of the same age, compared to control animals. An interesting sex difference is 
found: VPA-pretreated male, but not female, subjects showed enhanced anxiety-like behavior 
and did not develop partner preference during adulthood, in the absence of mating. We are now 
in the process of examining if partner preference formation is disrupted following cohabitation 
with mating in response to prenatal exposure to VPA. We are also examining, in the prefrontal 
cortex, mRNA and protein expression of genes that modulate social bonding in prairie voles, 
such as the oxytocin and vasopressin receptors, as well as genes largely implicated in 
neurodevelopmental disorders and involved in synaptic formation and signaling, such as Shank3, 
Nlgn3, and MeCP2. 
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ASD. Rodent behavior and resting state connectivity MRI 
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Abstract: Attention deficit hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) 
have been linked to prenatal risk factors including maternal obesity, stress, and viral infections 
during pregnancy. These risk factors share a common mechanism, elevated inflammatory 
cytokines and in particular elevated interlukin-6 (IL-6). Resting state functional connectivity (rs-
fcMRI) abnormalities have been identified in both ADHD and ASD and have similarly been 
identified in infants whose mothers had elevated IL-6 blood levels. The current work uses a 
rodent model to test the causal mechanisms of IL-6 exposure and behavioral and neural 
phenotypes associated with these developmental disorders. Sprague-Dawley rats were implanted 
with osmotic pumps delivering either saline or a daily dose 4.98 ug/kg IL-6 over the course of 40 
days. This dose was designed to mimic chronic inflammatory states throughout pregnancy. 
Offspring were given a battery of behavioral tests and rsfc-MRI imaging both early (PD25) and 
late (PD50) in development. Here, we find that IL-6 exposed offspring show a robust anxiety 
phenotype on both the open field and light dark behavioral tests. We also found that IL-6 animals 
more readily acquired fear, as measured by increased freezing to three .5 mv footshocks. No 
differences in social approach behavior was found. Finally, to serve a translational tool, we 
discuss atypical network structure, default mode network connectivity in IL-6 exposed animals, 
developmental change in rs-fcMRI, and the relationship of these findings to connectivity 
structure seen in developmental disorders. Overall, this work sheds light on the underlying 
mechanisms associated maternal inflammation and the role of IL-6 as risk factor for developing 
phenotypes seen in ASD and ADHD. 
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Abstract: Background: Existing small animal models fail to reproduce permanent 
dysmyelination that is the hallmark of brain injury in the preterm human newborn. Furthermore, 
it is unclear how closely these models recapitulate human developmental pathways because 
rodents have a lisencephalic cortex. Despite being a small animal (0.5-1kg), ferrets have 
gyrencephalic cortex with radial cortical organization. Objective: We aim to develop an 
improved translational small animal model that reproduces cerebral cortical dysmaturation that 
may contribute to adverse neurodevelopment following human newborn brain injury. Our 
specific focus is glial development in the outer subventricular zone and late cortical migratory 
pathways of neuronal precursors. Methods: Using a previously described method of chronic 
sublethal hypoxia (Tao et al Pediatric Research (2012) 71, 192-198), jill and kits are exposed to 
10% oxygen from P10-20. Some kits are examined at P20, while the rest are reared in normoxia 
until sacrifice. Age matched controls are reared in normoxia. Results: (1) Consistent with 
published findings, following exposure to hypoxia, myelin basic protein expression decreases 
and glial fibrillary protein expression increases at P20 and P30. We evaluated the persistence of 
these changes into later ages - at P40, GFAP is still upregulated in white matter, and MBP 
doesn’t extend out into lower cortical layers like in control (normoxic) animals. Studies are in 
progress to determine the permanency of changes and evaluate functional myelination (e.g. 
electron microscopy). (2) Using cell proliferation markers we find decreased density of ki67 
positive cells at P20 following hypoxia vs age matched control, but ki67 density is greater at P30 
following hypoxia than age matched control. We are using neural cell lineage-specific markers to 
determine which cells undergo changes in proliferation and potential associated maturation 
arrest. (3) Hypoxia during this period (P10-20) also influences newly identified postnatal 
neuronal migration streams, which are most active at P40. Following hypoxia, the transcription 
factor Sp8 is increased in the white matter and its laminar organization is affected in the cortex. 
Future analysis will look at younger ages (P20, P30) to evaluate the progression of Sp8 
expression. Lastly, we are using lineage tracing techniques to track the postnatal neuronal 
migration in normal development and following hypoxia. Conclusion: A ferret model of human 
preterm brain injury may provide insight into important cerebral cortical developmental 
pathways that are perturbed with preterm birth, birth asphyxia and congenital heart disease in 
human newborns. 
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Abstract: Major depressive disorder is a complex and widespread psychiatric disorder. Studies 
have indicated that early life events have a powerful role in modulating the development of 
emotional neurocircuitry, and that fine tuning of these circuits is greatly influenced by 
serotonergic signaling in this period. Increasing availability of synaptic serotonin in an early 
postnatal window in rats using a Selective Serotonin Reuptake Inhibitor (SSRI) - Fluoxetine, 
results in the emergence of depressive- and anxiety-like behaviours in adulthood. We used this 
postnatal Fluoxetine model of depression (PNFLX) and investigated the acute and long lasting 
consequences of PNFLX treatment on cellular architecture in key neurocircuits implicated in 
emotional regulation, focusing on GABAergic interneurons. We studied three non-overlapping 
subtypes of GABAergic interneurons characterized by the presence of Parvalbumin (PV), 
Somatostatin (SST) and Calretinin (CR) in the hippocampus and the prefrontal cortex (PFC). 
Numbers of GABAergic neurons have been shown to be altered in different models of 
psychopathology, and are especially vulnerable to early life interventions since they continue to 
migrate and integrate into circuits in this postnatal period. Our results indicate no striking 
differences in the numbers of PV, SST and CR positive interneurons, in either the hippocampus 
or the PFC, between the Vehicle treated and PNFLX treated animals in adulthood or 
immediately after the drug treatment is ceased at postnatal day 21. Further, we studied 
perineuronal nets (PNNs), which are ECM-associated structures found around fast spiking PV 
positive interneurons, and play an important role in circuit maturation and stabilization. We 
observed a reduction in the number of PNNs in the hippocampal subfields of adult animals with 
a history of PNFLX. This may imply a circuit maturation defect in these PNFLX treated animals 
arising due to altered serotonergic signaling in a critical window important for the sculpting of 
emotional neurocircuitry. At least one study has reported that prenatal fluoxetine exposure can 
hamper formation of hippocampal PNNs, and Fluoxetine administration is known to reopen 
critical window-like neuronal plasticity in adulthood. We thus hypothesize that increased 
serotonergic drive as a result of Fluoxetine exposure during an early postnatal window leads to a 



defect in the initiation, regulation or closure of the maturation process of emotional 
neurocircuitry, and that this may underlie at least some of the behavioural deficits observed in 
this model of early life pharmacological perturbation leading to development of depression and 
anxiety like behaviours. 
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Abstract: Social and sensory experience is vital for a harmonic development, maturation and 
whole individual organization. Development involves the coordinated growth and functioning of 
cardiovascular, nervous and endocrine systems, among others. In altricial species, maternal care, 
immediately after birth and until weaning, determines a well growth in pupae. Social interaction 
of the cub with its mother and littermates seems determinant for a successful development, such 
that early social isolation impairs postnatal development. 
The main goal of this work was to analyze the effects of social isolation in young artificially 
reared rats upon behavior, brain glucose metabolism, and astrocyte population in the brain. Three 
day-old male pups were artificially reared in isolation. Sensory stimulation during artificial 
rearing was provided each 4 hours. After weaning, we tested animals in the open field paradigm 
and measured brain use of 18-fluoro-glucose (through micro-PET). After sacrifice, we analyzed 
astrocyte population in different brain areas. 
Results show an erratic behavior in experimental animals: long lasting periods in the open field 
combined with an increased tendency to bury themselves; higher levels of aggressiveness in the 
presence of littermates, and increased grooming. PET images showed decreased capture of 18-
fluoro-glucose in amygdala and brain cortex. This decrease was more evident during social 



interaction with littermates. Astrocytic distribution was also different in experimental animals. In 
them, we detected a greater number of astrocytes in the same regions. These results indicate that 
social isolation disturbs brain metabolism and development which is reflected in an altered 
behavior. 
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Abstract: Consolidated sleep periods during development, especially rapid eye movement 
(REM) sleep, are critical for parvalbumin inhibitory interneuron expression in basic brain 
circuits (such as the visual system). Parvalbumin expression is significantly decreased in brains 
of human subjects with autism spectrum disorder. It is unknown whether REM sleep plays a role 
in the maturation of more complex circuits for social behavior, such as those relevant to autism. 
Prairie voles (Microtus ochrogaster) are a highly social rodent species and form lifelong pair 



bonds with other individuals, thus providing an ideal model organism to study the role of sleep in 
shaping social behavior. We selectively suppressed REM sleep in prairie vole pups during a 
sensitive post-natal period of development from P14 to P21. Following developmental sleep 
fragmentation, voles underwent tests for social behavior as juveniles, and again as adults. At 5 
weeks of age, there were no significant differences in social behavior between groups. At 12 
weeks of age, male prairie voles showed hyperactive approach behavior towards juveniles, where 
as females showed decrease approach behaviors. Social memory as assessed by a habituation-
dishabituation paradigm did not seem to be affected by sleep fragmentation. However, sleep-
fragmented male prairie voles showed profoundly impaired pair bond formation as assessed by 
the partner preference test. Sleep-fragmented females showed mildly decreased partner 
preference but significantly increased aggression towards strange males. Locomotor activity 
assays and wheel running showed that sleep-fragmented males were more hyperactive than 
controls. Parvalbumin immunohistochemistry was performed to determine if sleep fragmentation 
disrupted parvalbumin immunoreactive cell counts in the neocortex, and if effects of sleep 
fragmentation on parvalbumin interneuron are sex or age dependent. 
Our data suggest that sleep fragmentation during the third post-natal week profoundly impairs 
social development. Studies utilizing this unique animal model will enhance our understanding 
of modifiable risk factors, such as sleep, that may contribute to atypical development of the brain 
and social behavior. 
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Abstract: Previous studies of PCB-induced hyperactivity and impulsiveness in rats suggest that 
exposure to PCBs have different effects on males and females. To further investigate this 
possible sex difference, two studies were conducted to examine the effects ingested 
polychlorinated biphenyls (PCBs) would have on the operant behavior of water deprived 



Sprague-Dawley rats. All animals were dipper - trained to bar press for water. All animals were 
deprived of water for 22-hr prior to test days. In Experiment 1 the diet of adolescent male and 
female rats was augmented with 0.5 µg/g Aroclor 1248 for 30 days. In Experiment 2, groups of 
male and female adolescent rats had their diets augmented with 1.5 or 4.0 µg/g Aroclor 1248 for 
30 days. Other groups of adolescent male and female rats had their diets augmented with 1.5 or 
4.0 µg/g of a 1:1 mixture of Aroclors 1254/1260. In both experiments animals were tested in a 
mult 120-s FI- 5 min extinction procedure. Exposure to PCBs, in all rats, took place between 
PND 35-64. On test days, operant lever responding was reinforced with water. In Experiment 1 
ingestion of Aroclor 1248 did not produce hyperactivity or impulsiveness in the female rats, but 
did produce both behaviors in males. Results of Experiment 2 revealed a similar pattern: 
ingestion of both Aroclor mixtures did not produce hyperactivity in females, but male rats 
exposed to either Aroclors showed hyperactive and impulsive behavior. Females in Experiment 2 
that were exposed either 1.5 or 4.0 µg/g of Aroclor 1248 or the 1254/1266 mixture were 
hypoactive relative to their controls. 
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Abstract: A rich literature has been amassed demonstrating the impact of early life events on the 
structure and function of the developing brain. While a plethora of research has shown that 
maternal experience during the prenatal period of life has the ability to alter neurodevelopment 
and behavioural outcomes of offspring, far less in understood regarding the impact of 
preconception paternal experience on developing brain architecture. The goal of this research 



was to examine the effect of two independent preconception paternal experiences on subsequent 
neurodevelopment and behaviour of male and female offspring. Research has shown that stress 
during the prenatal period can alter brain morphology in the developing brain, and is thought to 
be a factor in the development of some adult psychopathologies. Our first experiment examined 
the impact of preconception paternal stress on offspring brain and behaviour. Our hypothesis was 
that paternal stress in the preconception period would negatively impact brain development in 
offspring, leading to behavioural abnormalities. While stress and environmental enrichment have 
been shown to have opposing effects on brain architecture and behavioural outcomes in 
offspring, we decided to explore the impact of environmental enrichment provided to fathers 
during the preconception period. We hypothesized that preconception paternal enrichment would 
alter brain development and positively impact behaviour of offspring. Both experiments followed 
the same experimental design. Male Long Evans rats were exposed to either a stressing paradigm 
or a complex environment for 27 days prior to mating. Developmental assays, anatomical 
measurements, and brain morphology analyses were conducted throughout offspring lifespan. 
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Abstract: Fetal Alcohol Spectrum Disorders (FASD) describe a range of phenotypes in children 
whose mothers consumed alcohol during pregnancy. Recent work by our laboratory suggests that 
prenatal ethanol exposure, or PrEE, alters DNA methylation, one of the main pathways involved 
with epigenetic inheritance, in the offspring. Thus, we have proposed that some of the hallmark 
phenotypes of FASD may be heritable to non-exposed generations. To explore how PrEE may 
induce heritable, transgenerational effects on neocortical anatomy and behavior, we used a 
murine FASD model in CD-1 mice. Our initial studies on the first filial (F1) generation of PrEE 
mice found disruptions in the intraneocortical network, changes to the anatomy of the neocortex 
and altered behavior (El Shawa et al., 2013). In this study, we extend the anatomical and 



behavioral analyses in F1 PrEE mice to F2 and F3 generations. If changes are seen in the F3 
generation, we can deduce that an epigenetic pathway has been altered and the changes are not 
caused by direct exposure. Analyses in F2 and F3 PrEE mice were performed on the day of birth 
(P0) and 20 days later, at normal weaning age (P20). Assessments at P0 included structural 
thickness measurements in different cortical regions including frontal cortex and the corpus 
callosum as well as intraneocortical connectivity. We found differences in anatomical structures 
that persist through the third generation after PrEE and found that results from behavioral assays, 
measured at P20, demonstrated a heritable phenotype. Specifically: F2 and F3 PrEE mice 
showed ectopic connections in frontal cortex, altered cortical thickness measures at P0 as well as 
reduced sensorimotor integration, motor coordination and increased anxiety when assessed on 
the Suok test at P20. Along with the changes to DNA methylation (Abbott et al., in preparation), 
these data point to a strong heritable effect of prenatal ethanol exposure that is transmitted via an 
epigenetic pathway. 
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Abstract: To identify and refine targets for new therapeutic interventions, a clearer 
understanding of how in utero insults cause impaired neurodevelopment is imperative. Prenatal 
alcohol exposure (PAE) and placental insufficiency are clinically related, but the mechanisms 
leading to subsequent brain injury have not been studied in validated animal models. Women 
who abuse alcohol during pregnancy have a five-fold increased rate of chorioamnionitis, the 
chief placental abnormality associated with preterm birth and encephalopathy of prematurity. 
Indeed, numerous structural and diffusion cerebral abnormalities are seen in children with 
prenatal alcohol exposure. Here, we hypothesized that PAE would exacerbate chorioamnionitis 
worsening brain injury, including significant deficits in myelination and white matter 



microstructure. To this end, pregnant Long-Evans rats were allowed to drink 5% ethanol or 
saccharin until embryonic day 17 (E17) to mimic moderate PAE. Subsequently, on E19 a 
laparotomy was performed and the uterine arteries were clamped for 30 minutes to induce 
placental insufficiency and transient systemic hypoxia-ischemia (TSHI). Lipopolysaccharide 
(LPS, 4µg) was then injected in to each amniotic sac. The laparotomy was closed and pups born 
at E22. Pups matured with their dams until postnatal day 15 (P15) and P28 at which time brain 
tissue was collected. PAE+TSHI+LPS resulted in a severe injury concomitant with significantly 
increased fetal mortality and reduced postnatal survival (p<0.05). Specifically, the combination 
resulted in 95% fetal mortality and death of live born offspring by P2 (n=5 dams). This fetal and 
postnatal mortality was significantly greater than that observed in either PAE (3% mortality; n=4 
dams) or TSHI+LPS (57% mortality; n=5 dams) alone. Animals with TSHI+LPS alone had 
reduced white matter fractional anisotropy and impaired axial and radial diffusion compared to 
sham (p<0.05). This is the first report that the combination of prenatal alcohol exposure and 
chorioamnionitis results in a severe in utero insult consistent with spontaneous abortion in 
rodents and injury incompatible postnatal life. Future studies will dissect the mechanisms of 
increased mortality with specific focus on the maternal-placental axis and developing brain. 
Preclinical models recapitulating prenatal alcohol exposure in the setting of chorioamnionitis 
will aid in the identification of interventions that may be used to reduce brain injury and chronic 
neurologic disabilities in children. 
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Abstract: Prenatal alcohol exposure (PAE) is associated with structural and physiological 
changes that impact the central nervous system and can result in persistent negative 
consequences in a broad spectrum of cognitive and behavioral domains including deficits in 
motor behavior, social behavior, and behavioral flexibility. Previous studies have characterized 
the influence of PAE on spatial navigation acquisition and extinction through various behavioral 
paradigms including the Morris water task (MWT). The current study focuses on examining the 
behavioral consequences of PAE on spatial extinction behavior through the use of the MWT. 
Pregnant rat dams voluntarily consumed saccharin (SAC) water containing 0% or 5% ethanol 
(EtOH) for 4 hours per day during the entire gestational period. Male and female pups matured 
and were tested in the MWT in adulthood (>90 days old). In order to assess extinction behavior 
the animals were tested in a 5-day hidden platform protocol. Days 1-4 of the hidden protocol 
consisted of 12 training trials. At the end of day 4, the animals were tested in 3 consecutive no-
platform probe trials to assess extinction behavior. Day 5 began with one no-platform probe trial 
to assess spontaneous recovery followed by 12 retraining trials. All of the animals successfully 
learned the hidden platform goal location during the initial training period. All of the male 
animals (PAE and controls) failed to extinguish, which was evident by the consistent short 
latency to reach the learned target location. The control females successfully extinguished, but 
the ethanol exposed females failed to extinguish the learned behavior. These outcomes suggest 
that animals exposed to moderate levels of ethanol during gestation have intact spatial 
acquisition abilities, but may have distinct extinction behaviors that may be sex specific and can 
be influenced by PAE. [Supported by grant AA019462 to DH]. 
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Abstract: Previous research revealed microstructural abnormalities in the corpus callosum of 
individuals exposed to prenatal alcohol (PAE). Subsequent research conducted in a preclinical 
models of PAE demonstrated similar alterations in several white matter structures including the 
corpus callosum. However, the effects of moderate exposure on microstructural connectivity of 
the corpus callosum have not been thoroughly examined. Here, we assessed the effects of 
moderate PAE on measures of fractional anisotropy (FA), diffusivity, and size of the rat corpus 
callosum. 
Long-Evans rats were exposed to 5% ethanol or saccharin throughout gestation. In adulthood, 
rats were anesthetized and placed in a 4.7T Bruker Biospin magnetic resonance scanner for the 
acquisition of diffusion weighted images. 
Following image preprocessing, measures of FA, axial diffusivity (AD), radial diffusivity (RD), 
mean diffusivity (AD), and area were gathered and compared across sex and prenatal treatment 
conditions by a two-way univariate analysis of variance. No significant interactions for measures 
of FA, AD, RD, MD, and total sampled area were detected. Significant sex differences for FA, 
RD, and MD were observed. A significance trend for axial diffusivity was observed for sex. 
Strong effect sizes were observed for sex differences in measures of FA, RD, and MD. No 
significant effect of total area sampled for males or females was detected. No significant 
differences in prenatal treatment condition separated by sex were found when comparing 
measures of FA, MD, RD, AD, and sampled area. 
In contrast to previous research conducted on children and adults with documented PAE, these 
results suggest that moderate PAE does not negatively impact axonal organization of the corpus 
callosum in a preclinical model of PAE. Additional reports of FA in preclinical models are 
mixed and implicate FA as an unreliable marker for PAE. Consistent with these findings, is a 
report that points to deficits in white matter myelination, but intact axonal integrity, after a single 
binge-like exposure to alcohol on gestational day (GD) 7. Moreover, measures of anisotropy, 
diffusivity, and area were limited to the whole coronal sections of corpus callosum as opposed to 
sagittal sections that have revealed regional differences in posterior regions of the corpus 
callosum. As a result, additional work is needed to examine regional differences in the corpus 
callosum. Additional methods that are more sensitive to white matter myelination merit strong 
consideration. The present findings add to the body of literature emphasizing functional and 
behavioral consequences of PAE may occur in the absence of structural abnormalities. 
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Abstract: Exposure to ethanol in utero in humans results in neuroanatomical, cognitive, 
behavioral, and physiological deficits collectively known as Fetal Alcohol Spectrum Disorders 
(FASD). Third trimester-equivalent (postnatal days [PD] 4-9) alcohol exposure (AE) in a rat 
model negatively impacts hippocampal neuroplasticity, increases apoptosis, and impairs adult 
neurogenesis and LTP. The current study investigates Brain-derived Neurotrophic Factor (Bdnf) 
gene expression, Bdnf DNA methylation, and granule cell dendritic complexity in the adult rat 
hippocampus following neonatal AE. Previous work from our lab has shown that PD4-9 AE 
increases BDNF and TrkB protein and Bdnf gene expression in the PD10 hippocampus (Boschen 
et al., 2015). Additionally, our model of FASD alters dendritic morphology in medial prefrontal 
cortex on PD72. For the current study, male AE pups received 5.25 g/kg/day of alcohol on PD4-
9 in a binge-like manner via intragastric intubation. Two control groups were used: sham-
intubated (SI) and suckle control (SC). From PD30-72, rats were housed in one of three 
conditions: standard housing (SH; 3/cage), voluntary wheel running (WRWR; 3/cage), or wheel 
running (PD30-42) followed by housing in a complex environment (PD42-72; 9-12/cage) 
(WREC). Tissue from the hippocampus was collected on PD72. AE animals had decreased 
dendritic complexity of immature (doublecortin/DCX-positive) dentate gyrus neurons on PD72, 
and these alterations to dendritic morphology were rescued by WREC and WRWR. No baseline 
Bdnf gene expression changes were found at PD72 between neonatal conditions. Interestingly, 
WRWR significantly increased gene expression in all three neonatal treatment groups, however 
WREC did not alter levels of Bdnf mRNA. For Bdnf DNA methylation, preliminary data 
suggests no changes to steady-state methylation status in AE animals, and lower methylation 
following access to WRWR. Overall, these data indicate that while neonatal alcohol exposure 
has pronounced effects on Bdnf gene expression shortly following exposure (Boschen et al., 
2015), these alterations become more subtle across the lifespan. In addition, this work shows that 
our model of FASD negatively impacts granule cell dendritic complexity independent of 



hippocampus-wide alterations to basal Bdnf expression. Finally, our data support the further 
investigation of WREC and WRWR as therapeutic interventions for the alcohol-damaged brain. 
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Abstract: Prolactin-secreting pituitary tumors (prolactinomas) are the most common pituitary 
tumors in humans. Majority of prolactinomas are adenomas and benign and slow growing, but in 
some cases, they are locally aggressive and invasive. We have recently shown that alcohol abuse 
during pregnancy result in fetal programming of the pituitary gland to produce aggressive 
prolactin-producing tumors in the offspring. In this study, we employed RNA-seq to identify 
putative genes responsible for tumor aggressiveness in alcohol-programmed pituitaries. Pregnant 
Fischer 344 rats were fed between gestational days 7 and 21 with a liquid diet containing 6.7 % 
alcohol (AF), pair-fed with isocaloric liquid diet (PF), or fed ad libitum with rat chow (AD). At 
60 days of age, female offspring rats were ovariectomized and received a subcutaneous estradiol 
implant. These rats were sacrificed at 3 months after the estradiol implants. We found that 
pituitary spheres from fetal alcohol exposed rat, express progenitor mesenchymal cell markers 
such as (OCT4, SOX2, KLF4, NANOG, CD133, Nestin and CD34). The gene ontology (GO) 
analyses of RNA-seq data of pituitary tumors from AF and AD reveal that most of the genes in 
AF animals are related to the mesenchymal characterization. We found that the Wnt5a and 
Wnt5b ligands, along with their cognate receptor Fzd, are generally overexpressed in pituitary 
tumor tissue of alcohol-exposed animals as compared to those in control animals. In addition, we 
found increased nuclear β-catenin (likely due to loss of E-cadherin), transcriptional activity of T 
cell factor (TCF), and several other growth factors including TGFβ, EGF, and FGF in the AF rat 
pituitaries. These data provide evidence for aggressive prolactinoma development due to 
overexpression of EMT factors involving Wnt/Frizzled signaling in the pituitary after estrogen 



treatment in fetal alcohol exposed female rats. However, further studies need to be done to 
evaluate whether fetal alcohol exposure directly upregulates EMT pathway through Wnt/Frizzled 
signaling to increase aggressiveness in the pituitary gland. (This work is supported by a National 
Institute of Health grant R01 AA11591).  
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Abstract: Nicotinic acetylcholine receptors are located throughout the central and peripheral 
nervous systems and have been implicated in many disorders including autism, depression, 
ADHD, and nicotine dependence. Members of the cys-loop family, nAChRs are composed of 
five subunits which can be assembled in a wide array of combinations that include α2-α9 and β2-
β4 subunits. The α3β4 subtype of nAChR is found in the habenula and the interpeduncular 
nucleus where it may play a role in addiction pathways. Desformylflustrabromine (dFBr) is an 
established positive allosteric modulator of α4β2 nicotinic receptors and an inhibitor of α7 
receptors; however, its effect on other nicotinic receptor subtypes has not been previously 
determined. 
We examined the selectivity of dFBr on three heteromeric nicotinic receptors, α3β4, α4β4, and 
α3β2. Receptors were expressed in Xenopus laevis oocytes by micro injection of mRNA ( 
300ng/µl) corresponding to the appropriate receptor subunits in α to β ratios of 1:1, 1:9, and 9:1. 
The effect of dFBr on each subtype was evaluated using two-electrode voltage clamp 
electrophysiology. Oocytes expressing nAChRs were exposed to dFbr alone to determine if it 
was capable of activating the receptors. Ach and dFBr were also co-applied to determine if dFBr 
was capable of inhibiting or modulating Ach induced activity. 
Previous studies suggest that α4β2 assembles in both low sensitivity and high sensitivity 
isoforms. Ach dose response curves obtained from analysis of these receptors at different α/β 



injection ratios supports this hypothesis. Data from these experiments also demonstrate that dFBr 
is an inhibitor of Ach induced responses on all three receptor subtypes. No positive allosteric 
modulation was observed, supporting the high selectivity of dFBr’s potentiation at the α4β2 
subtype. Based on these findings, we determined that both the α and β subunits contribute to 
dFBr’s effects on different receptor subtypes. 
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Abstract: Nicotinic acetylcholine receptors (nAChRs) are widely distributed throughout the 
CNS and periphery where they have crucial roles in physiological processes including learning, 
memory, and cognition. Consequently, nAChRs are potential targets for treating a variety of 
neurodegenerative disorders. Additionally, a number of natural products have evolved over time 
that target nAChRs and function for either protection or predation. Moreover, the nAChRs are 
the biological target of the fastest growing class of insecticides worldwide—the neonicotinoids. 
These pivotal roles necessitate a detailed understanding of the molecular determinates of ligand 
recognition and specificity for the nAChRs. The acetylcholine binding proteins (AChBPs) have 
been established as structural surrogates for the extracellular ligand binding domain of nAChRs 
and have contributed a great deal of information on the native receptor. Despite the utility of the 
AChBPs, they possess a distinct pharmacology to that of humans and other species of interest. 
To address this issue we have generated series of engineered AChBPs to evaluate potency and 
specificity of known and novel compounds. Furthermore, we have utilized X-ray crystallography 
for the direct observation of binding interactions at atomic-level resolution. Together, this allows 
us to contrast pertinent pharmacological information for structure-guided drug design. 
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Abstract: Nicotinic acetylcholine receptors (nAChR) are expressed extensively in all 
compartments of the nervous system, in skeletal muscle, and in other organs or systems such as 
the immune system. In these locations, nAChR play critical roles in health and have been 



implicated in many disease processes and medical conditions. nAChR exist as a family of ligand-
gated ion channel subtypes assembled as pentamers of different combinations of subunits 
encoded by a family of sixteen different genes. The law of identity (A is A) dictates that a native 
nAChR subtype and a heterologously expressed nAChR subtype of the same subunit 
composition and arrangement must have the same elemental properties. However, the local 
milieu can differentially influence observable properties of a given nAChR subtype. It 
sometimes has been a struggle to heterologously express some nAChR subtypes to facilitate 
comparing their properties to those of native nAChR. Examples are the failures using COS, 
CHO, HEK or other cells lines as hosts compared to our success in heterologously and stably 
expressing functional, human α7-nAChR (i.e., composed of α7 subunits) in the human epithelial 
cell line, SH-EP1. A multi-transmembrane domain protein has been identified recently 
[“NACHO” - Gu, Bredt and others, Neuron (2016) 89:1-8] that resides in the endoplasmic 
reticulum (ER) and promotes α7-nAChR expression, indicating importance of cell type-specific 
mediation of nAChR functional levels. NACHO was initially discovered, by high throughput 
screening, in a rare, human HEK cell variant capable of expressing functional α7-nAChR. We 
now demonstrate abundant expression of NACHO as mRNA in SH-EP1 cells, helping to explain 
the ability of those cells to stably express α7-nAChR. We also have confirmed potent facilitation 
of α7-nAChR functional expression in Xenopus oocytes also expressing NACHO, and at levels 
much higher than those in the presence of another chaperone, Ric-3. This occurs even for 
concatenated α7-nAChR, suggesting that NACHO facilitates exit of assembled receptors from 
the ER, although it may also promote assembly from loose subunits. Additional studies concern 
effects of NACHO on functional expression of other nAChR subtypes and, reciprocally, 
influences of nAChR functional modulation on NACHO expression. At a minimum, and as 
opposed to use of allosteric modulation, which alone could affect receptor properties, NACHO is 
a very useful research tool to “naturally” elevate functional expression of nAChR. 
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Title: Optogenetic activation of striatal cholinergic interneurons and D2 receptor-expressing 
GABAergic medium spiny neurons regulates tardive dyskinesia. 
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Abstract: Tardive dyskinesia (TD) is a potentially irreversible drug-induced movement disorder 
that arises as a side effect of antipsychotics. These drugs are the mainstay of treatment for 
schizophrenia and bipolar disorder. They are also increasingly prescribed for major depressive 
disorder, autism, attention deficit hyperactivity disorder, obsessive compulsive disorder and post-
traumatic stress. There is thus a need for therapies to reduce TD. Previous work showed that 
nicotine administration decreased haloperidol-induced vacuous chewing movements (VCMs) in 
a rat TD model. The present experiments demonstrate that nicotine (300 µg/ml in drinking water) 
also reduced antipsychotic-induced VCMs (~50%) in mice whether the antipsychotic haloperidol 
was given via constant infusion (subcutaneous pellet 3 mg/kg/d) or injection (1 mg/kg twice 
daily). To elucidate the pathways and mechanisms that underlie TD, we used optogenetics with a 
focus on the striatum because of the close link of this region to TD. Optical stimulation of striatal 
cholinergic interneurons using choline acetyltransferase (ChAT)-Cre mice expressing ChR2-
eYFP decreased haloperidol-induced VCMs (~50%), with no effect in control-eYFP mice. 
Activation of striatal D2 medium spiny neurons using ChR2-eYFP expressing Adora2a-Cre mice 
also diminished antipsychotic-induced VCMs, again with no effect of stimulation in control-
eYFP mice. The stimulation-induced declines in VCMs occurred via nicotinic acetylcholine 
receptors in both ChAT-Cre and Adora2a-Cre mice. Molecular studies indicate c-Fos activation 
plays a role. Overall, this work indicates that striatal cholinergic interneurons and GABAergic 
neurons play an important role in TD. Moreover, these studies suggest that nAChR drugs may be 
useful for reducing antipsychotic-induced TD. 
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Title: Role of the homo and heteromeric nicotinic acetylcholine receptor in mediating 
cytotoxicity after delayed methylmercury exposure in PC12 cells 
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Abstract: Acute exposure to methylmercury (MeHg) disrupts internal calcium (Ca2+) 
homeostasis and causes subsequent cell death. The pathways involved during the MeHg-induced 
increase in internal Ca2+ concentration ([Ca2+]i) and cytotoxicity are still not completely 
identified. Studies show that nicotinic cholinergic receptors (nAChRs) appear to contribute to 
MeHg-induced cytotoxicity in differentiated sympathetic neuron-like PC12 (dPC12) cells. 
Exposure to the nonspecific nAChR antagonist, mecamyllamine (MEC), increases cell viability 
after acute MeHg exposure. As different nAChR subtypes act in cell-type specific manner, and 
have differential Ca2+ affinities, we compared the role of the highly Ca2+-permeable homomeric 
α7 subtype nAChR with other heteromeric nAChRs, to the contribution of MeHg-induced 
cytotoxicity. Cell viability was assayed using the calcein AM and ethidium homodimer-1 (Ethd-
1). Calcein AM stains cytoplasm of live cells while Ethd-1 stains DNA of dead cells. dPC12 
cells were exposed to 1, 2 or 5 µM MeHg during 1 hr in the absence or presence of the specific 
(α7) or nonspecific blockers: MLA (5 µM) or MEC (5 µM), respectively. Delayed viability 
measurements after MeHg exposure during 1 hr significantly decreases dPC12 cells viability in a 
concentration-dependent manner. At 2 µM MeHg, presence of either MEC or MLA treatments 
alone significantly increases viability by 37% and 32%, respectively. Furthermore, combination 
of MEC + MLA together significantly increases the protection provided by either antagonist 
alone by 16%. At 5 µM MeHg only MEC treatment significantly increased dPC12 cell viability 
by 39% from MeHg treatment alone, and the combination of MEC + MLA by 22.44%. At high 
MeHg concentration MLA treatment alone significantly increases cell viability by 14.28% only 
from the MEC group (21%) but not MeHg alone. Data suggest that the α7-subtype nAChR is not 
the only receptor contributing to MeHg-induced cell death but that other nAChR subtypes may 
also play a role. Supported by NIH grant R01ES03299 & R25NS065777. 
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Title: Cell type-dependent TMEM35 expression and its effects on surface α7 nicotinic 
acetylcholine receptors 

Authors: *R. H. LORING, B. GARG, H. LIN, A. REZVAYA, B. TILAK;  
Pharmaceut. Sci., Northeastern Univ., Boston, MA 

Abstract: Surface α7 nicotinic acetylcholine receptor (nAChR) expression depends on the cell 
type, possibly due to differences in endoplasmic reticulum chaperone proteins that allow folding, 
assembly and transport to the cell membrane. RIC3 (Resistance to inhibitors of cholinesterase 3) 
is a known chaperone for α7 nAChR. However, we previously found no significant RIC3 protein 
expression in GH4C1, a cell line derived from rat pituitary, even though these cells readily 
produce surface α7 receptors measured by α-bungarotoxin binding when transfected with α7 
nAChR plasmid. Further, surface expression in GH4C1 cells is not changed by RIC3 shRNAs 
that block surface α7 expression in other cell lines that require RIC3 transfection (Koperniak et 
al, J. Neurochem. 124: 300, 2013). Together, these data suggested that GH4C1 cells have a 
different α7 receptor chaperone than RIC3. Recently (3/2/2016), Gu et al. (Neuron 89: 1, 2016) 
reported that Transmembrane Protein 35 (TMEM35, also known as NACHO) acts as another 
chaperone in HEK293 cells when expressed alone with α7 and also synergistically enhances 
RIC3 effects. We investigated how widely TMEM35 is expressed in cell lines that have little or 
no endogenous α7 nAChRs and compared those cells lines for surface expression of transfected 
α7. GH4C1 and GH3 cells readily express surface α7 when transfected, while SH-SY5Y has 
minor endogenous α7 expression, and SH-EP1, HEK293, RAW264.7 and H9C2 cells showed no 
expression when transfected. Western blots showed a rank order for TMEM35 protein 
expression of GH3 ≥ GH4C1 >> SH-SY5Y, with no detectable expression in other cells. These 
data suggest a correlation between the level of endogenous TMEM35 protein and the ability of 
unmodified cell lines to express surface α7 when transfected. However, preliminary binding 
experiments suggest that TMEM35 tagged with C terminal GFP does not significantly enhance 
α7 surface expression in HEK cells co-transfected with RIC3 and α7, while TMEM35 tagged 
with C terminal Myc-DDK antigens significantly decreases surface expression. In contrast, 
TMEM35-GFP permits significant surface α7 expression in H9C2 cells when transfected with α7 
in the absence of RIC3. If confirmed with proper controls, these data may suggest an interaction 
between RIC3 and the C-terminal portion of TMEM35 that helps regulate surface α7 expression 
in different cell types. 

Disclosures:  R.H. Loring: None. B. Garg: None. H. Lin: None. A. Rezvaya: None. B. Tilak: 
None. 
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of alpha 7 (α7) nicotine acetylcholine receptors (nAChRs) expressed in Xenopus oocytes 

Authors: *J. PANCHAL1,2, K. DEBOEUF2, M. ISLAM2, J. FARLEY2;  
2Neurosci., 1Indiana Univ., Bloomington, IN 

Abstract: α7 nAChRs are widely distributed throughout the nervous system, playing important 
roles in learning & memory, and are also implicated in a variety of disease and 
neurodegenerative processes including schizophrenia, Alzheimer’s and Parkinson’s disease, 
inflammation, pain, cancer, and nicotine addiction (Thomsen et al 2010, Bencherif et al 2011, 
Changeux et al 2012). A variety of compounds (agonists, antagonists, PAMs) produce functional 
and/or numerical upregulation of α7 Rs in different cells, implicating multiple signaling 
pathways and mechanisms. Prolonged nicotine exposure can also upregulate α7 nAChRs, which 
may contribute to nicotine dependence and addiction (Govind et al 2012, Brunzell et al 2014). 
Previously, we found ~ 2-fold functional and numerical upregulation of murine α7 nAChRs in 
Xenopus oocytes following 12 hr of 100 µM nicotine and extensive washout. We found that 
nicotine-upregulation was dependent upon intracellular Ca2+, being abolished by BAPTA-AM, 
and involved several Ca2+-dependent enzymes (e.g., PP2B, PKC). But upregulation was 
independent of Ca2+ influx, being unaffected by removal of extracellular Ca2+. Similar to another 
pentameric, Cys-loop LGIC, glycine receptor 1 (GlyR1), the α7 nAChR contains a conserved G 
protein-binding cluster (GPBC) in the M3-M4 loop. G-protein signaling by α7 Rs has been 
shown in both neurons and PC12 cells (Kabbani et al 2013). Here, we show that GPCR signaling 
mediates nicotine-upregulation of α7 nAChR. Mutation of α7 nAChR GPBC (RMKR to AAAA; 
denoted as α7 344-347A) blocks interaction of Gαq and Gβγ with the GPBC without affecting 
receptor expression, peak current amplitude or kinetics. However, nicotine-upregulation of α7 
nAChR did not occur for α7 344-347A Rs. Conversely, 12 hr exposure to the cell-permeable, 
competitive antagonist Methyllycaconitine (MLA), produced ~ 2-fold upregulation of both wt 
and mutant (α7 344-347A) α7 Rs; and upregulation was unaffected by BAPTA-AM. Our results 
suggest that α7 nAChRs may function as both metabotropic and ionotropic receptors, and that 
GPCR-signaling is critical for nicotine-upregulation. 

Disclosures:  J. Panchal: None. K. DeBoeuf: None. M. Islam: None. J. Farley: None. 
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Title: AChRs are essential for the targeting of rapsyn to the postsynaptic membrane of NMJs in 
living mice 

Authors: *P.-J. CHEN, I. MARTINEZ, M. AITTALEB, M. AKAABOUNE;  
Mol. Cell. and Developmental Biol., Univ. of Michigan, Ann Arbor, MI 

Abstract: Rapsyn, a 43 kDa scaffold protein, is required for the clustering of acetylcholine 
receptors (AChRs) at synaptic sites between mammalian motor neurons and muscle cells. 
However, the mechanism by which rapsyn is inserted and retained at postsynaptic sites at the 
neuromuscular junction (NMJ) in vivo remains largely unknown. We found that neither the N-
terminal myristoylation nor the cysteine-rich RING H2 domain of rapsyn is required for its stable 
association with the postsynaptic membrane of NMJs. When N-myristoylation-defective rapsyn-
EGFP mutant (G2A) and RING-H2 domain truncated rapsyn-EGFP were electroporated into 
sternomastoid muscles, a strong rapsyn fluorescent signal was selectively observed at synapses, 
similar to wildtype rapsyn-EGFP. The targeting of rapsyn-EGFP (wildtype and mutants) is 
independent of synaptic activity as they were inserted at denervated NMJs. However, when the 
coiled-coil domain (the AChR binding domain of rapsyn) is deleted, rapsyn fails to associate 
with AChRs at NMJs of living mice. In cultured myoblasts (in which AChRs are absent), 
myristoylated wildtype rapsyn mostly localizes to lysosomes, and is not associated with plasma 
membrane. However, in the presence of AChR subunits, rapsyn molecules were targeted to cell 
surface and formed aggregates with AChRs. The targeting of AChRs to the cell membrane, in 
contrast, does not require rapsyn as expressed AChRs are visible on cells membrane of rapsyn 
deficient myoblasts. These results provide evidence for an active role of AChRs in the targeting 
of rapsyn to the NMJ in vivo. 

Disclosures:  P. Chen: None. I. Martinez: None. M. Aittaleb: None. M. Akaaboune: None. 
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approach 
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Abstract: Recently, we designed and synthesized “twin” compounds targeting nicotinic 
acetylcholine receptors (nAChRs) (Bioorg Med Chem, 2015, 23(15):4375-4389), and a new lead 
compound with high subtype selectivity for beta2-containing nAChRs has been obtained from 
this approach. Using a similar design approach we prepared small in silico ADME guided 
compound libraries based on diaza(bi)cyclic scaffolds and various established central nervous 
system (CNS) drugs forming so-called hybrid compounds. Diaza(bi)cyclic motifs are known to 
be privileged scaffolds for the interaction with various related biological targets including 
nicotinic acetylcholine receptors (nAChRs). This project focuses on the development of small 
libraries of compounds interacting with nAChRs and other biological targets which could be 
relevant for an improved treatment of CNS disorders like e.g. major depression, substance use 
disorder, and Alzheimer’s disease. For structure affinity relationship evaluation on nAChRs, 
compounds were tested in radioligand binding assays with [3H]epibatidine, 
[3H]methyllycaconitine, [3H or 125I]alpha-bungarotoxin, [3H]NS14492 and [3H]NS10743 
using membrane fractions of rat brains, pig brains, pig adrenals, and Torpedo californica 
electroplax. A broad spectrum of affinities (Ki values: < 10 nM to > 10,000 nM) and subtype 
selectivity for nAChRs provided important hints for further “designing in”, “balancing”, and 
“designing out” strategies to obtain new active compounds for future lead candidates. 

Disclosures:  D. Gundisch: None. M.J. Calibuso-Salazar: None. I. Tomassoli: None. 
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Title: Extracellular domain α4β2 nicotinic acetylcholine receptors form with specific homomeric 
or swapped M1 transmembrane domains 
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Abstract: Background: Extracellular domain (ECD) receptors derived from α7, α4, α3, β2, and 
β4 nicotinic receptor subunits truncated after the first transmembrane domain (M1) have 
functional and structural similarity to full length nicotinic acetylcholine receptors (nAChRs). 
Their smaller size and reduced transmembrane sequence might have advantages for structural 
studies by crystallography and NMR and for understanding specific structural and functional 
roles of the ECD and transmembrane domains in nAChRs and other Cys-loop receptors. 
Chimeras of M1 suggest that M1 requires specific sequences to fulfill this role. For example, M1 
from α7 or 5HT3 is an inefficient replacement for native M1 sequences in α4β2 ECD nAChRs. 
Important properties of M1 sequences for expressing ECD nAChRs, however, are uncertain. 
Objective: To determine the efficiency of expressing α4β2 ECD nAChRs with swapped and 
with homomeric M1 sequences from α4 and β2. Combined with results from chimeras from M1 
domains of α7 and serotonin 5HT3A subunits, these data help identify important features in M1 
for expressing α4β2 ECD nAChRs and other Cys-loop subunits. 
Methods: Human α4 and β2 cDNAs were truncated after M1 (α4M1 and β2M1). M1 domains 
were swapped between α4M1 and β2M1 subunits with site directed mutagenesis. α4β2 ECD 
nAChRs were expressed in Xenopus oocytes either with swapped M1 domains or with 
homomeric M1 domains. In addition, the residue juxtaposed N-terminal to M1 also was swapped 
(native L in α4M1 or native K in β2M1), either in isolation or along with M1. Immunoblotting 
and yield of [3H]epibatidine binding sites assessed effects on expression. 
Results: α4β2 ECD nAChRs with homomeric M1 from α4 or from β2 expressed at levels 
comparable to native α4β2 ECD nAChRs. α4β2 ECD nAChRs with swapped M1 domains 
expressed at levels comparable to native α4β2 ECD nAChRs. Placing leucine ahead of M1 in 
β2M1 diminished relative expression of the α4β2 ECD nAChR with this homomeric leucine site 
to about 5%. Placing M1 from α4 into β2M1 leading to a M1 homomer for α4 and β2 subunits 
did not rescue expression with this leucine. In contrast, placing lysine ahead of M1 in both α4M1 
and β2M1 or swapping leucine and lysine between α4M1 and β2M1 led to good expression of 
α4β2 ECD nAChRs. 



Conclusions: α4β2 ECD nAChRs express well with homomeric M1 from either α4 or β2 but not 
M1 from α7 or 5HT3A. The residue N-terminal to M1 is important for expressing α4β2 ECD 
nAChRs and appears to require or tolerate a positive change in either α4M1 or β2M1. Presence 
of a leucine in both subunits is not tolerated. These results help refine the concept of an optimally 
designed M1 sequence for ECD Cys-loop receptors. 

Disclosures:   G.B. Wells: A. Employment/Salary (full or part-time): Texas A&M University. 
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Title: Studying the structure, function and interactions of the intracellular domain of Cys-loop 
receptors 
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Abstract: The intracellular domain (ICD) of metazoan Cys-loop receptor superfamily members, 
also known as pentameric ligand-gated ion channels (pLGICs), has been the least explored 
domain. Structure/function studies over decades, including recent crystal structures for 
mammalian pLGICs, have vastly enriched our understanding of the other two, extracellular 
(ECD) and transmembrane (TMD), domains. The variable lengths and amino acid sequences 
confer the most diversity to the ICD contrary to the highly-conserved ECD and TMD. This 
unique feature of being a starkly diverse domain poses its own challenges by necessitating to 
develop an ‘individualized’ approach to study structure, function and interactions of ICDs. In 
addition, the a priori assumption of the ICD being largely disordered or disorganized structurally 
has been prevailing in the field for decades. In our recent study, we made the surprising 
discovery that the 5-HT3A ICD alone assembles into stable pentamers in solution (Pandhare, A. 
et al. Sci. Rep. 6, 23921(2016)). The finding suggests a novel role for the ICD in receptor 
oligomerization, and significantly adds to its currently known repertoire of functions. To further 
expand our study across the Cys-loop receptor superfamily and, importantly, to address the huge 
knowledge gap pertaining to structure, function and interactions of each unique ICD, we have 
engineered individual chimeras comprising of ICDs of prominent pLGICs subunits. Current 



studies aim at elucidating the molecular determinants of pentameric oligomerization as well as 
measuring affinities of self-association, investigating protein-protein interactions with non-
homologous proteins, and in addition pursuing structural studies at atomic resolution and 
importantly determining functional contributions of the ICD. 

Disclosures:  A. Pandhare: None. E. Pirayesh: None. P.N. Grozdanov: None. M. Jansen: 
None. 
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Title: Brain α7 nicotinic acetylcholine receptor assembly requires nacho 

Authors: *S. GU;  
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Abstract: Neuronal nicotinic acetylcholine receptors (nAChRs) are ligand-gated ion channels 
that participate in diverse physiological responses such as pain processing and cognitive 
functions. Alpha7 nACh receptors are homo-pentameric, and they do not oligomerize or 
functionally express in most all non-neuronal cell lines. Up-regulation of nAChR in brain 
represents a therapeutic goal and likely contributes to the pharmacology of cholinergic medicines 
in Alzheimer’s disease and schizophrenia. Whereas some neurotransmitter receptors have 
auxiliary subunits that control receptor trafficking and channel gating, no essential assembly 
proteins have previously been identified for a mammalian neurotransmitter receptor. Using a 
genomic cDNA screening strategy, we identified a unique, phylogenetically conserved, four-pass 
transmembrane protein, NACHO, which is essential for functional α7 receptors in transfected 
cells. NACHO selectively promotes function of α7 and α4β2 nAChRs and does not influence a 
related 5-HT3 receptor. NACHO is a neuronal, endoplasmic reticulum protein that enhances both 
assembly and surface trafficking of α7 receptors. Genetic disruption of NACHO completely 
disrupts assembly of α7 pentamers and abolishes functional α7 receptors. This work identifies 
NACHO as an essential, client-specific chaperone for nAChRs and has implications for 
physiology and disease associated with these widely-distributed neurotransmitter receptors. 

Disclosures:  S. Gu: None. 
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Title: Toward the structure and molecular mechanisms of the human α4β2 nicotinic acetylcholine 
receptor 

Authors: *L. C. MORALES, C. NOVIELLO, R. HIBBS;  
Neurosci., UT Southwestern Med. Ctr., Dallas, TX 

Abstract: Nicotinic acetylcholine receptors mediate fast chemical neurotransmission in the 
central and peripheral nervous systems. The α4β2 subtype is the most abundant nicotinic 
acetylcholine receptor in the human brain. The long term goals of this research project is to 
obtain a high-resolution structure of the α4β2 nicotinic receptor to probe the allosteric gating, ion 
selectivity and ligand recognition mechanisms. Here we report biochemical and biophysical 
studies of a modified construct that shows an improvement in expression, homogeneity and 
pentameric monodispersity. We have successfully optimized our expression and purification 
methods to obtain milligram quantities of homogenous receptor. In addition, we have performed 
patch-clamp experiments and binding assays demonstrating that the modified version of the 
receptor is functional. To promote crystallization we have screened ligands, detergents, lipids 
and additives against our best construct to obtain high quality crystals. A high-resolution crystal 
structure will provide important insights into the molecular mechanisms of activation and 
selectivity of this family of ligand-gated channels. 

Disclosures:  L.C. Morales: None. C. Noviello: None. R. Hibbs: None. 
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Title: Evaluation of methyllycaconitine (MLA) analogues on α7 and α4β2 nAChR subtypes. 
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Abstract: Nicotinic acetylcholine receptors (nAChRs) are pentameric ligand-gated ion channels 
where the α7 and α4β2 subtypes are the most predominant in the brain. The α4β2 nAChR is 
known to exist in two functional isoforms with different ACh-activation properties, namely the 
high sensitivity (HS) (α4)2(β2)3 and low sensitivity (LS) (α4)3(β2)2 receptor1. We and others have 
demonstrated that a large number of pharmacological differences between the two receptors can 
be attributed to the presence of an additional agonist binding site at the α4-α4 interface on 
(α4)3(β2)2 receptor. MLA is natural toxic potent antagonist that competes with ACh at the same 
binding site. MLA is selective for α7 receptors with approximately 1000-fold greater potency 
than at α4β2. Identifying ligands that are selective for specific nAChR subtypes through their 
affinity for different binding interfaces may have significant therapeutic potential and contribute 
to the understanding of the physiological roles of these subtypes in vivo. 
Previously, we have highlighted the importance of the N-succinemidoanthranilate moiety for 
binding at the α7 subtype2.In this study, we propose that the AE succinimide structure of MLA 
has higher selectivity at the α4-α4 interface in (α4)3(β2)2 over the α7-α7 interface. We have 
synthesised different MLA analogues and evaluated them by co-applying 10 µM of each 
compound with 1 mM ACh for (α4)3(β2)2 and α7 and 100 µM (α4)2(β2)3 on recombinant human 
α7 and two different stochiometries of α4β2 expressed in Xenopus oocytes using the two-
electrode voltage clamp technique.To date, we have identified three analogues (BA09, BA11 and 
BA12) that are able to inhibit the current at (α4)3(β2)2 by 80%, 82% and 70% with no 
antagonism at the α7 subtype, when compared to 100% inhibition by 10 µM MLA at both 
subtypes. The same analogues on (α4)2(β2)3, only inhibited the evoked ACh current by 35%, 
30% and 33% respectively. Based on this result, we are able to design analogues that distinguish 
between α4β2 and α7 receptors, however further refinement of the chemical structures are 
required to achieve greater selectivity between the two α4β2 stochiometries. 
1) Harpsøe K et al (2011). J Neurosci,31,10759-66. 
2) Quek GX et al ( 2010). ACS Chem Neurosci. 12,796-809.  
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Abstract: Introduction: Epilepsy is central nervous system (CNS) disorder characterized by 
recurring seizures, affecting in 1-2% of the world population. Several mutations have been 
identified in the α4, β2 and α2 subunits of neuronal acetylcholine receptors (nAChRs) that cause 
nocturnal frontal lobe epilepsy (NFLE) that is autosomal dominant in nature called ADNFLE. 
The α4β2 nAChR is the most abundant heteromeric nAChR in the brain, which is known to exist 
in two functional isoforms (α4)2(β2)3 and (α4)3(β2)2. We and others have extensively 
characterized the two isoforms and attributed pharmacological differences, to the presence of 
additional agonist binding site at α4-α4 interface on (α4)3(β2)2 receptor. Very little is known on 
the molecular and pathophysiological mechanisms on how the ADNFLE mutations alter the 
native functioning of the two isoforms α4β2. Aim: To understand the functional changes caused 
by the α4 (T293I) and β2 (V287M & V287L) ADNFLE mutations that are located around 
extracellular domain that is in contact with the trasmembrane domain (TM2-TM3 loop). Results 
and conclusion: Using two-electrode electrophysiology and determining open probability 
estimates, we show that these mutants increase the efficacy of activation by the native ligand, 
acetylcholine (ACh), by nearly two-fold. We then studied the pharmacology of mutant receptors 
with several clinically-relevant ligands, including the smoking-cessation drug, varenicline, the 
anti-epileptic drug, carbamazepine and a selective agonist at α4β2 receptors, Sazatidine-A. 
Surprisingly, we observe that mutations on α and β subunits, present at the same location on the 
receptor have different pharmacological profiles when expressed in different stoichiometries. 
The increased efficacy most likely leads to the increased electrical activity in the brain that 
causes seizures. Understanding the pharmacology of these mutant receptors has a therapeutic 
potential to find a drug target to cure the disease. 1Authors would like to acknowledge the 



support by John A. Lamberton research scholarship and International postgraduate research 
scholarship (IPRS). 
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Title: α7 and α7β2 nicotinic receptor (nAChR) subtypes are differentially modulated by the 
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Abstract: Nicotinic acetylcholine receptors (nAChR) exist as pentameric complexes of 
homologous, but genetically distinct subunits. The functional expression of nAChR mediates 
aspects of synaptic transmission, and nAChR dysfunction can be linked to many 
neurodegenerative and psychiatric diseases. The α4β2 and α7 nAChR subtypes are the most 
abundantly expressed subtypes in the mammalian central nervous system. α7 and α7β2 nAChR 
are predominantly expressed in the cortex, hippocampus, amygdala and basal ganglia. Moreover, 
these ligand-gated ion channels influence cellular excitability and homeostatic regulation in basal 
forebrain cholinergic neurons. While α7 and α7β2 nAChR mediate the cellular processes 
involved in many neurological processes, nAChR function can, in turn, be altered by endogenous 
neuropeptides. The Ly6 family of neuromodulators can influence the functional expression of 
many different nAChR subtypes including α7*, α4β2* and α3β4* nAChR (*indicating the 
presence of additional subunits). Two members of the Ly6 family, lynx1 and lynx2, have been 
shown to enhance desensitization and decrease sensitivity of nAChR to acetylcholine. However, 
the ability of lynx1 and lynx2 to interact with α7 and α7β2 nAChR is poorly understood. In the 
current line of investigation, we used a concatenated (i.e. linked) subunit approach to ensure 
consistent subunit incorporation while probing the functional modulation of α7 and α7β2 nAChR 
by lynx1 and lynx2. Using two-electrode voltage clamp (TEVC) electrophysiology, we 



demonstrate that lynx1 attenuates macroscopic receptor peak currents for both α7 and α7β2 
nAChR subtypes when expressed in Xenopus oocytes. Using a range of lynx1 doses, we 
demonstrate that significant functional blockade of both α7 and α7β2 subtypes can be achieved at 
a 1:1 nAChR:lynx RNA injection ratio (producing 90 ± 7.5% and 95 ± 11% reductions in 
maximal function, respectively). Furthermore, we demonstrate that coexpression with lynx1 fails 
to produce a significant shift in either α7 or α7β2 ACh concentration-response profiles. Co-
expression of α7 or α7β2 nAChR with lynx2 also produced a similar reduction in macroscopic 
function, but the magnitude of the effect was reduced relative to that for lynx1. The current 
findings suggest that alterations in α7 and α7β2 nAChR function by lynx1 and/or lynx2 might be 
a novel and productive therapeutic strategy to mitigate cognitive decline associated with 
neurodegenerative disease. This work was supported by the Barrow Neurological Foundation 
Award (A.A.G) and by NIH grants R21 DA027070 and R21 DA036059S (P.W). 
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Abstract: Chronic nicotine exposure produces an increase or upregulation of α4β2* nAChR 
expression in neurons. The mechanism(s) that produce α4β2* nAChR upregulation represents a 
pharmacological target to control its behavioral consequence. The aim of this work is to find a 
relationship between receptor structure and activity for the α4β2 nAChR that allow us to study 
mechanisms of nicotine-induced nAChR upregulation. The α4 subunit has an intracellular loop 
between MII-MIV transmembrane domains that contains serine residues previously described as 
potential phosphorylation substrates for protein kinase A and protein kinase C in heterologous 
expression systems. Our studies are focused on residues S336, S470 and S530. Adeno associated 
virus (AAV) containing the wild type mouse α4 nAChR cDNA or cDNAs for each of the three 



serine to alanine point mutations S336A, S470A and S530A were produced. Primary neuronal 
cultures prepared from cerebral cortex, hippocampus and brainstem of α4 KO mouse embryos 
were infected with those vectors and chronically exposed with nicotine to measure α4β2* 
nAChR binding sites using [125I]epibatidine. A triple HA tag was added at the C-terminal of the 
α4 subunit. Detection with HA antibodies revealed the formation of clusters of α4β2* nAChR 
that are expressed in the neuronal surface after 10 days of AAV infection. Following nicotine 
treatment, the α4 mutants S336A and S470A failed to show upregulation of surface receptors in 
hippocampal and brainstem neurons. This effect appears to be cell type specific as normal 
surface upregulation of the mutants as observed in cortical neurons. Data suggests that multiple 
mechanisms of upregulation exists for neurons obtained from different brain regions possibly 
due to a differential interaction with kinases or phosphatases that control surface expression of 
α4β2 nAChR. The mutations are also being study in vivo. AAVs containing the wild type and 
mutated α4 nAChR subunit cDNAs are being injected in the dorsal hippocampus of α4 KO mice, 
followed by chronic nicotine intravenous infusion (2 mg/kg/h). Preliminary data confirms α4-
nAChR subunit re-expression in the dorsal hippocampus but also retrograde expression was 
observed in the entorhinal cortex. [125I]epibatidine binding was detected after AAV infection 
confirming α4β2* nAChR expression. An increase in [125I]epibatidine binding was observed in 
α4 wild type cDNA infected mice that received chronic nicotine infusion for 10 days compared 
with saline infused mice. We plan to use this model to correlate the effect of differential α4β2 
nAChR upregulation with memory impairment after chronic nicotine withdrawal using the 
contextual fear conditioning test. 
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Abstract: Nicotinic acetylcholine receptor (nAChR) α9α10 subtype mediates postsynaptic 
transmission in the auditory system and is expressed in sensory neurons, cancer cells, 
keratinocytes and immune cells. α-Conotoxin Vc1.1 a disulfide-bonded peptide from the venom 
of Conus victoriae is an antagonist of α9α10 nAChRs and a potent analgesic in rat neuropathic 
and chronic pain models. Two stoichiometries of the receptor, α92α103 and α93α102, have been 
proposed whereby at α93α102, Vc1.1 is postulated to bind at high sensitivity (HS) α9(+)α9(-) and 
low sensitivity (LS) α10(+)α9(-) interfaces. However, the molecular mechanism governing the 
interaction of Vc1.1 at α9α10 nAChR remains unclear. Given that both interfaces share the same 
α9(-) side, the difference in Vc1.1 sensitivity should be primarily contributed by non-conserved 
residues on (+) side of the subunits. We tested the hypothesis, derived from molecular modeling 
and computation docking of Vc1.1 at human α9α10 nAChR, that a non-conserved α9(+)N179 
(previously N152) residue (G in α10(+)) is involved in Vc1.1 binding sensitivity. Xenopus laevis 
oocytes were injected with varying cRNA ratios of human α9 to α10 subunits (1:3 and 1:1) to 
putatively form the stoichiometries and ACh-evoked currents were recorded using two-electrode 
voltage clamp method. At a 1:1 ratio, the α9(+)N179G mutation reduced Vc1.1 potency due to 
the loss of Vc1.1-HS sites. In contrast, at 1:3 ratio favouring LS sites, Vc1.1 inhibited wild-type 
α9α10 nAChRs with reduced potency without affecting the sensitivity of α9(+)N179Gα10 
nAChRs. In all cases, the decrease in Vc1.1 sensitivity is similar suggesting a stoichiometry of 
α93α102 in oocytes injected with 1:1 ratio of α9 to α10 subunits. In conclusion, the non-
conserved N179 residue is essential in the formation of Vc1.1 HS binding sites at the α9(+)α9(-) 
interface in the postulated α93α102 stoichiometry. 
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Abstract: Neuronal excitability is finely controlled by various membranous channels and 
associated proteins. In the central nervous system (CNS), the rapidly inactivating voltage-gated 
potassium channels (Kv channels) are the major determinants of dendritic excitability. Voltage-



gated potassium channels (Kvs) play a critical role in regulating neuronal excitability and 
synaptic plasticity in the hippocampus. NMDA receptors, a type of Kv channel, are critical for 
the development of the CNS, generation of rhythms for breathing and locomotion, and the 
processes underlying learning, memory, and neuroplasticity. Consequently, abnormal expression 
levels and altered NMDAR function have been implicated in numerous neurological disorders 
and pathological conditions. NMDAR hypofunction can result in cognitive defects, whereas 
overstimulation causes excitotoxicity and subsequent neurodegeneration. Subconductance levels 
have been observed in virtually every type of ion channel, although the number of levels, 
stability, and abundance vary widely. Sublevels have been well-characterized in K channels, 
which are evolutionarily related to NMDARs. The aim of the study is the contribution of Kv and 
NMDA receptors of neuronal survival/death in hippocampal cells . Primary hippocampal 
cultures were prepared from the brains of newborn Bulb-c mice approximately 4 days old. The 
hippocampus was isolated from the brain of each mice and treated with at 4 °C. The cells were 
suspended in neurobasal medium and were plated at several densities 200 -1600 cells per mm2. 
IgG was isolated from healthy partıcıpantsand limbic patients who were NMDAR ,Kv channel 
pozitive. Differrent concentrations of Isolated IgG were added to the preperation at days 7v and 
10. in vitro. Imagıng was performed on same days by confacal microscobe and dead cells were 
determined using propidium iodide. In this study T test was used for analyzes and shown that 
using high concentration NMDA and Kv IgG cause neuron and astrocyte death. These result 
showed that ion channels antibody is not only important for their function but also they regulate 
neuronal survival. Otherwise Neuron was deadth not only apoptozis but also necrozis. 
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Abstract: The ability to detect shifts in temperature is vital for the survival of organisms. Other 
than the highly conserved thermosensitive Transient receptor potential (Trp) channels, little is 



known about the molecules involved in temperature sensation in Drosophila. The Gustatory 
Receptor (GR) 28b-d helps flies respond to rapid changes in temperature. The discovery of 
temperature response properties of GR28b-d indicates the potential for other GRs as temperature 
responsive. We are studying the temperature responsiveness of the 68 GR genes in Drosophila, 
starting with GR28 family. To test thermosensitivity, we use the heat box, which can detect the 
temperature preference of flies with a resolution of less than 1oC. We over-expressed GR28a and 
the isoforms of GR28b pan-neuronally, using the nSyb-GAL4 driver. The temperature in the heat 
box was increased in steps of 2oC from 24-40oC. At the temperature of activation of the mis-
expressed gene, we expect a temporary paralysis of flies. Our preliminary results show that, out 
of the five isoforms of GR28b, only GR28b-d is thermosensitive in a temperature range of 34-
36oC. Additionally, we measured the time taken by the flies over-expressing GR28b-d to recover 
from temporary incapacitation following exposure to temperature stimulus of varying intensities. 
We discovered that flies that are exposed to a lower temperature stimulus (34oC) recovered faster 
than flies that received a higher temperature stimulus (36-40oC). We continue to screen the GRs 
for thermosensitive genes. Along with our collaborators, we are studying the molecular 
properties of the GRs in the GR28b family. Based on our results, we aim to develop novel 
thermogenetic tools that can act as molecular switches to enable finer temperature-dependent 
control of neuronal activity in different model systems. 
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Abstract: During the first few minutes of ischemia, neurons swell as they undergo anoxic 
depolarization (AD). Water transporters energetically linked to the failing Na/K pump lose their 
function and neuronal water accumulates. Passive water loss is slow because neurons lack 
aquaporins. One proposal is that neurons swell because depolarization evokes a large increase in 
Na+ influx with Cl- following via SLC26A11, a Cl- channel/transporter. Water then osmotically 



follows these ions into neurons. We examined in live brain slices if slice swelling during 
simulated ischemia (O2/glucose deprivation, OGD) requires SLC26A11-mediated chloride 
influx. Neuronal and astrocytic swelling during OGD-induced AD is indirectly imaged in live 
coronal brain slices as a front of elevated light transmittance (LT) spreading across the 
neocortex. We compared swelling and its time course at 34oC during AD in a) regular artificial 
CSF; b) low-chloride aCSF (Cl- replaced with isethionate, methyl sulfate or proprionate); c) 
regular aCSF + PPQ-102 or niflumic acid, two drugs that inhibit SLC26A11 function. In low Cl- 
aCSF, the propagating AD increased in LT strength and AD onset was not delayed (n=12 slices) 
compared to regular aCSF (n=9). Apparently the larger anions easily substituted for Cl- influx. 
Pre-treatment prior to OGD with 10 uM (n=15) or 20 uM (n=11) PPQ-102 did not delay nor 
reduce the AD-associated LT increase compared to 25 slices without PPQ-102. Likewise 100 uM 
niflumic acid pre-treatment (n=16) had so significant effect on AD-associated swelling onset nor 
intensity compared to regular slices under OGD. Niflumic acid pre-treatment did significantly 
reduce the exaggerated LT increase during OGD by ~25% when proprionate was substituted for 
Cl- , but swelling onset was unaffected (n=10). Two-photon microscopy of 15 live pyramidal 
cells containing yellow fluorescent protein (YFP) confirmed that OGD-induced neuronal 
swelling was not significantly reduced by PPQ-102 or niflumic acid. So in this well-established 
model of simulated ischemia, SLC26A11-mediated chloride influx appeared to play a minor role 
in acute neuronal swelling. 
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Abstract: In central nervous system (CNS), afterhyperpolarization (AHP) activated after single 
or multiple action potentials in neurons plays an important role in the modulation of neuronal 
excitability by limiting firing frequency and thus in the generation of spike-frequency adaptation. 



We previously reported that calcium-activated AHP currents in thalamocortical (TC) neurons 
were mediated by multiple components including apamin-sensitive SK channels and niflumic 
acid-sensitive anion channels whose molecular identity was unknown. Here we investigated the 
calcium-activated chloride channels (CACCs) mediating AHP in TC neurons. CACCs are 
involved in many physiological phenomena, but the functional expression and properties of them 
in CNS have rarely been reported. We characterized the electrophysiological properties of 
CaCCs in TC neurons and investigated its molecular identity. 
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Abstract: Rationale Methamphetamine addiction is believed to primarily result from increased 
dopamine release and the inhibition of dopamine uptake. Some evidence suggests that the 
hyperpolarization-activated cyclic nucleotide-gated (HCN) channels play important roles in the 
functional modulation of dopaminergic neurons and the pathophysiology of related diseases. 
However, little is known about the effects of HCN channels on methamphetamine addiction. 
Objectives The present study investigated the role of brain HCN channels in methamphetamine 
addiction. Results Acute intracerebroventricular (i.c.v.) injection or bilateral intra-accumbens 
microinjections of non-selective HCN channel blocker ZD7288 (0.3125 and 0.625 µg) 
significantly reduced both the methamphetamine (0.0125 or 0.05 mg/kg/infusion)-induced self-
administration under fixed ratio 2 reinforcement and the breakpoint of methamphetamine (0.05 



mg/kg/infusion) under progressive ratio reinforcement in rats. Moreover, compared with the 
i.c.v. injection, bilateral intra-accumbens microinjections of ZD7288 exerted stronger inhibitory 
effects, suggesting that the blockade of HCN channels in the nucleus accumbens reduced the 
reinforcing effects of and motivation for methamphetamine. We also found that ZD7288 (0.625 
and 1.25 µg, i.c.v.) significantly decreased methamphetamine (1 mg/kg, intraperitoneal (i.p.))-
induced hyperactivity with no effect on the spontaneous activity in rats. Finally, in vivo 
microdialysis experiments showed that the HCN channel blockade using ZD7288 (0.625 and 
1.25 µg, i.c.v.) decreased the methamphetamine (1 mg/kg, i.p.)-induced elevation of extracellular 
dopamine levels in the nucleus accumbens. Conclusions These results indicate that the HCN 
channels in the nucleus accumbens are involved in the reinforcing properties of 
methamphetamine and highlight the importance of HCN channels in the regulation of dopamine 
neurotransmission underlying methamphetamine addiction. 
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Authors: *S. YANG, JR1,2, Y.-C. LI1, P. YU2, W.-J. GAO1;  
1Drexel Univ. Sch. of Med., Philadelphia, PA; 2Capital Normal Univ. Sch. of Educ., Beijing, 
China 

Abstract: The hyperpolarization-activated current (h-current or Ih) is an inward current 
generated by the opening of hyperpolarization-activated cyclic nucleotide-gated (HCN) cation 
channels. In the prefrontal cortex (PFC), Ih in pyramidal neurons is proposed to maintain 
persistent firing for the execution of working memory function; while in GABAergic 



parvalbumin (PV)-containing interneurons, Ih is mainly involved in the generation of rhythmic 
activity. However, despite its critical role for these featured functions of the PFC, the biophysical 
properties of the Ih in pyramidal neurons versus PV interneurons in the developing PFC remains 
uncharacterized. Here we have studied the developmental changes of physiological properties of 
Ih in the PFC layer V pyramidal neurons and PV interneurons. Our data show that in pyramidal 
neurons, the steady state current of the Ih (Iss) was significantly increased from juvenile to 
adolescence and adult. Whereas the Iss recorded from adolescent group of PV interneurons was 
significantly smaller than that in pyramidal neurons. The kinetic of Ih in PV interneurons was 
significantly faster than that in pyramidal neurons. Ih also contributes to the intrinsic excitability 
of both pyramidal neurons and PV interneurons. In pyramidal neurons, the resting membrane 
potentials increased along with aging. A reduction of resting membrane potential caused by 
blocking Ih current was observed in adolescent and adult groups but not in juvenile group. The 
membrane input resistance also showed aging-related changes. Application of Ih blocker 
ZD7288 significantly increased input resistance in adolescent and adult animals, but not in 
juveniles. In the adolescent group of PV interneurons, the resting membrane potential was also 
significantly reduced by ZD 7288, but the input resistance did not show any change. These 
results indicate a developmental change of Ih in the PFC pyramidal neurons. The developmental 
changes of Ih in PV interneurons are still under investigation but they appear to be different from 
those observed in pyramidal neurons. 
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Abstract: Photoswitch molecules provide a well-controlled method for dissecting neuronal 
circuitries. Here, we characterize how two-photon photoswitching of optovin (a synthetic 



molecule with photoswitch capability) triggers neuronal activity in rodent cortex and 
demonstrate that this activation is mediated via gating the Transient Receptor Potential Ankyrin 
1 (TRPA1) as previously demonstrated in zebrafish1. We first established the presence of TRPA1 
channel in cortical cells by immunohistochemistry and showed that TRPA1 was significantly 
expressed in neurons and vascular structures. To determine the functional effect of TRPA1 on 
cortical neurons, we conducted in vitro two-photon Ca2+ imaging (with Cal-520 AM) and 
examined the effect of TRPA1 activator (AITC, 1 mM) and inhibitor (HC-030031, 10 µM) on 
the free cytoplasmic Ca2+ concentration in layer 5 (L5) pyramidal neurons. Introducing 1 mM 
AITC to the bath solution resulted in a significant increase in ΔF/F which consequently returned 
to baseline with 10 µM HC-030031. To further confirm this finding, we performed in vitro 
whole-cell recordings of L5 pyramidal neurons and measured the membrane potential (Vm) in the 
presence of TRPA1 activator and inhibitor. Application of 1 mM AITC increased the Vm 
significantly (depolarization, n=3, p < 0.0001); by replacing the AITC with 10 µM HC-030031, 
Vm values returned towards baseline levels. Next, we characterized the optical control of 
neuronal activity by focal illumination of optovin-loaded neurons using a femtosecond laser. We 
performed whole-cell recording of L5 pyramidal neurons using an internal solution containing 
optovin. Consistently across neurons, the maximum neuronal response was detected at 720-nm 
two-photon photoswitching of optovin (n=17). By increasing the concentration of optovin ΔVm 
increased significantly resulting in action potential firing in some neurons. We further loaded 
neurons with different concentrations of optovin (1-20 µM) and found a systematic enhancement 
of neuronal activity as the optovin concentration was increased. Finally, to confirm that optovin 
activated these neurons via specific interaction with TRPA1, we repeated the whole-cell 
recordings in the presence or absence of the highly selective TRPA1 blocker, HC-030031. In the 
presence of HC-030031, neuronal activity was significantly reduced (p < 0.0001). Our results 
indicate that two-photon photoswitching of optovin might provide a powerful method for 
investigating the neuronal circuitries in the mammalian cortex. Reference: 1. Kokel et al. (2013) 
Photochemical activation of TRPA1 channels in neurons and animals. Nat Chem Biol 9:257-263. 
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modification 
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Abstract: The hyperpolarization-activated current (Ih) is a subthreshold conductance that 
influences a variety of intrinsic cellular properties including membrane potential, temporal 
summation and pacemaker activity. As such, Ih controls neuronal activity, and not surprisingly, 
neuronal activity regulates Ih over multiple time scales and through multiple mechanisms. In 
particular, activity is known to adjust the surface expression of Hyperpolarization-activated 
Cyclic Nucleotide-gated (HCN) ion channels that mediate Ih. Recently, the Small Ubiquitin like 
Modifier (SUMO) has emerged as a mechanism for regulation of ion channel surface expression. 
SUMO is an ~11kDa peptide that is post-translationally added to a lysine residue in a consensus 
sequence on target proteins. We identified several putative evolutionarily conserved 
SUMOylation sites on HCN channels using SUMOplot and have begun to test the hypothesis 
that SUMOylation mediates activity-dependent surface expression of mouse HCN2 channels. 
SUMOylated proteins were immunoprecipitated (IP) from adult mouse brain protein lysates and 
transferred to western blots that were probed with antibodies against mouse HCN2 channels. 
These experiments demonstrated that HCN2 channels were post-translationally modified by both 
SUMO1 and SUMO2 in vivo. Furthermore, human embryonic kidney (HEK) cells stably 
expressing mouse HCN2 (HEK-HCN2) showed a statistically significant roughly two-fold 
increase in HCN2 SUMOylation when the cell line was transiently co-transfected with plasmids 
encoding SUMO, its conjugating enzyme Ubc-9, and mCherry relative to transfection with 
mCherry alone, as determined with IPs followed by western blot experiments. Whole cell patch-
clamp recordings from HEK-HCN2 cells demonstrated that Ih maximal conductance was 
significantly increased approximately two-fold in cells transiently transfected with SUMO, 
Ubc9, and mCherry relative to mCherry alone. There was no change in the voltage dependence 
or kinetics of activation. Biotinylation assays on HEK-HCN2 cells showed increased HCN2 
surface expression in cells transiently transfected with SUMO, Ubc9, and mCherry relative to 
mCherry alone. We have mutated putative HCN2 SUMOylation sites that are highly conserved 
across species, individually and in combination, and are currently assaying the extent of HCN2 
SUMOylation and Ih regulation in these mutants. Based on present data, we suggest that 
SUMOylation can regulate HCN2 surface expression, and future experiments will be designed to 
test whether or not neuronal activity can regulate HCN2 channel SUMOlyation. 
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Abstract: Oriens-lacunosum moleculare (OLM) cells are a class of hippocampal interneurons 
known to gate information arising from the entorhinal cortex and CA3 in CA1. These neurons 
are have been shown to express somatostatin (Som+) and the cholinergic receptor, nicotinic, 
alpha 2 (Chrna2+), being the latter gene the most specific OLM marker in the 
intermediate/ventral CA1. OLM cells are also important players in the generation of theta 
oscillations. These neurons show strong spike phase lock with theta oscillation and modeling 
studies have suggested that OLM cells can synchronize clusters of pyramidal cells and basket 
interneurons. 
We perfomed whole-cell current- and voltage-clamp recordings in the dorsal and ventral 
hippocampus and show that passive and active electrophysiological properties of OLM cells 
differ along the dorsal to ventral axis. Dorsal OLM cells generated more hyperpolarization-
activated current (Ih) than ventral OLM cells, indicating a difference in the expression of the 
hyperpolarization-activated cyclic nucleotide-gated (HCN) channels. Furthermore, both dorsal 
and ventral OLM cells showed electrical resonance at theta frequencies, with dorsal OLM cells 
resonating in distinct frequency bands than ventral OLM cells. The resonance frequency was 
extracted from the impedance amplitude profile, i.e. the voltage response to a Chirp current 
stimulus, which consisted of a linearly increasing (1 Hz/s) sine wave with constant amplitude. 
This protocol was run under the application of tetrodotoxin to block action potentials. While at 
near-threshold potentials Ih was not active, at hyperpolarized potentials this current contributed 
to theta-resonance and could be suppressed with the HCN channel blocker ZD7288. 
In summary, our data suggests that dorsal OLM cells differ from ventral OLM cells through the 
generation of Ih and that this current contributes to the electrical resonance in OLM cells at theta 
frequencies. 
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Abstract: Conditioned fear is a form of associative learning that has been shown to cause 
changes in the cerebellar cortex in a lobule-specific manner. To date, relatively little is known 
about the influence of learning on membrane excitability. Hyperpolarization activated cyclic 
nucleotide-regulated (HCN) channels are nonselective cation channels that activate on membrane 
hyperpolarization and deactivate on depolarization. Since these channels are activated close to a 
neuron’s resting membrane potential, they play a role in determining intrinsic membrane 
properties. Cerebellar stellate cells are inhibitory interneurons that express HCN, an alteration of 
which could influence how these cells respond to input, as well as what they output onto 
Purkinje cells. We previously found that fear conditioning (FC) reduces hyperpolarization-
activated current (Ih) amplitude, causing an increase in neuronal input resistance. Further, we 
observed that FC-induced changes in Ih are reversed following extinction and that they are 
specific to vermal lobules V/VI. In the current study, we verified that basal levels of Ih in stellate 
cells from naïve animals in lobule IX were similar to lobules V/VI. This was important to 
confirm as previous studies have shown intra-lobule variability in neuronal intrinsic membrane 
properties. Next, we focused on the functional consequences of modifications in Ih by evaluating 
the input/output relationship of cerebellar stellate cells after FC. In order to investigate this, we 
stimulated parallel fibers in the molecular layer at various intensities and recorded resulting 
extracellular stellate cell activity. Using this approach, we observed a significant difference in 
the threshold at which cells from FC animals responded to parallel fiber stimulation. Moreover, 
when comparing the response of cells to the same stimulation intensity, FC cells fired at higher 
frequencies than cells from naïve animals. Finally, we investigated whether FC-induced changes 
in Ih would enhance the integration of hyperpolarizing inputs by examining the spike frequency 



response of stellate cells to a series of negative, bidirectional current ramps. In cells recorded 
from naïve animals, blockade of Ih resulted in a more hyperpolarized membrane potential, as 
well as an increase in instantaneous frequency when spiking resumed at the end of the negative 
current injection. Similarly, FC cells exhibited greater action potential frequency just after 
cessation of the hyperpolarizing ramp, and this was presumably due to a reduction in Ih. Taken 
together with our previous findings, these data contribute to the understanding of how fear 
memories are encoded in the cerebellum. 
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Title: An increase in somatic Ih correlates with depression-like states 
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Abstract: The hippocampus is an integral brain region for affective disorders. We previously 
demonstrated that reduced expression of the HCN1 subunit of h-channels, and subsequent 
reduction in Ih, in the dorsal CA1 region leads to anxiolytic- and antidepressant-like effects. In 
light of this, we asked whether h-channel subunit expression and Ih are altered in an animal 
model of depression. Given that chronic stress can be a precipitating factor for the onset of 
depression, we used chronic unpredictable stress (CUS) to test the hypothesis that HCN1 protein 
expression and Ih are elevated following CUS. We found that HCN1 protein expression was 
significantly increased in the dorsal, but not ventral CA1 region following CUS. In addition, we 
found that somatic, but not dendritic, input resistance was lower and resonant frequency higher 
following CUS, consistent with higher somatic Ih. In agreement, cell-attached patch clamp 
recordings revealed somatic Ih was significantly higher in dorsal CA1 neurons following CUS. 
Surprisingly, when dorsal CA1 Ih is reduced by shRNA-HCN1, the CUS-induced depressive 
behavioral phenotypes (e.g. anhedonia and behavioral despair) are reversed. Our results suggest 



that CUS induces a functional increase in somatic Ih in dorsal CA1 neurons and furthermore that 
reduction of dorsal CA1 HCN1 protein expression is sufficient to produce resiliency to CUS. 
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Abstract: The 4-12 Hz brain oscillation known as theta oscillation have been associated with 
movement when generated in the dorsal hippocampus and anxiety-like behaviours in the ventral 
hippocampus. We have previously shown that in horizontal hippocampus slices (from the 
ventral/intermediate hippocampus), OLM interneurons targeting distal dendritic compartments of 
CA1 pyramidal cells (PC) can modulate theta oscillations. In this work, we investigated the 
pyramidal cell membrane properties that facilitate theta generation by dendritic targeting 
interneurons. We first found that high density of Ih in distal apical dendrites of PCs produced 
rebound dendritic action potentials following OLM inhibition. Using pressure ejection of 
ZD7288 to block distal Ih, we found that OLM interneuron stimulation can no longer generate 
theta oscillations in slices. Taken together, our data show that an interplay between OLM 
interneurons and PC is crucial to theta generation. Also, we show that Ih in distal dendrites is 
crucial to theta rhythmogenesis. 
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Abstract: Septohippocampal circuits generate theta rhythms that are associated with 
hippocampal learning. CA1 oriens lacunosum-moleculare (O-LM) cells receive robust 
GABAergic input from parvalbumin-positive (PV) projection neurons located in the medial 
septum-diagonal band of Broca (MS-DBB; Borhegyi et al., 2004). Multi-compartment 
computational models of O-LM cells have shown differential effects of somatic versus dendritic 
expression of hyperpolarization-activated cyclic nucleotide-gated (HCN) channels on output 
features such as back-propagating action potentials elicited by synaptic inputs (Sekulić et al., 
2014, 2015). Preliminary modeling results demonstrate that driving synchronous PV MS-DBB 
synaptic input at theta frequency recruits HCN channels, enabling theta frequencies to be 
transmitted through O-LM cells via rebound spiking. Therefore, defining the subcellular 
distribution of HCN channels on O-LM cells is critical in understanding how O-LM cells 
integrate and transmit PV MS-DBB synaptic input. Previous studies employing HCN1/HCN2 
double knockout mice indicated the presence HCN1-and HCN2-containing channels on O-LM 
cells (Matt et al., 2010). HCN2-containing channels were localized to the somata of 
somatostatin-positive cells in the CA1 stratum oriens (Matt et al., 2010), but the distribution of 
HCN2 channels on O-LM cell dendrites has neither been examined nor defined. Here, we 
employed Chrna2-CRE/tdTomato mice, enabling tdTomato to be visualized in all intracellular 
compartments of O-LM cells (Mikulović et al., 2015). In accordance with previous observations 
(Matt et al. 2010), HCN2 labeling was largely restricted to the somata of O-LM cells. HCN2 
labeling in O-LM cell dendrites revealed a decrease in HCN2 channel expression with 



decreasing distance from the soma. However, we also observed somatic labeling in CA1 
pyramidal cells, with HCN2 labeling being weakest in the CA1 LM layer. Therefore, the axons 
of O-LM cells are unlikely to contain significant HCN2 channel densities. Moreover, given 
previous observations localizing HCN1 channels to the distal dendrites of CA1 pyramidal cells 
(Lorincz et al. 2002), HCN2 channels may have a more proximal subcellular distribution both in 
principal cells and interneurons. A better understanding of the subcellular localization of HCN1 
and HCN2 channels will provide insight into circuit dysfunction as a consequence of their 
improper recruitment by altered synaptic input and the implications of such mechanisms in 
several neurological disorders, such as epilepsy and Alzheimer's disease. 
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Abstract: Piccolo is a cytomatrix of the active zone (CAZ) protein involved in scaffolding and 
regulating neurotransmitter release at neuronal active zones. Here, we used Piccolo mutant mice 
to study central auditory synapses of the cochlear nucleus, which are specialized in high 
throughput synaptic transmission, capable of sustaining signaling frequencies of several 
hundreds of Hertz. We argue that even subtle deficits in the regulation of vesicle dynamics and 
neurotransmitter release will be revealed at synapses with such high functional demands. 
Moreover, the signal this synapse receives is unbiased by the mutation due to the presence of an 
unaffected, short isoform of Piccolo (i.e. ‘Piccolino’) upstream at the ribbon synapses of cochlear 
inner hair cells. Hence, this site of investigation provides a unique opportunity to study the 
implications of Piccolo deficiency on neuronal synaptic transmission. At the endbulb of Held 



synapse, we observed faster rise of miniature excitatory postsynaptic currents (mEPSCs) in the 
mutants, while mEPSC amplitude and frequency were unchanged. Likewise, we found a faster 
rise of evoked EPSCs in the mutants. Moreover, when stimulated with high frequency train 
stimulation, the mutant responses showed faster kinetics of depression and an increased 
probability of vesicle release, while estimates of pool size and vesicle replenishment remained 
unchanged. Faster kinetics of release may be due to faster presynaptic release machinery with 
tighter Ca2+ influx and exocytosis coupling. Our hypothesis puts Piccolo as a spacer between the 
readily releasable pool of vesicles and Ca2+ channels, regulating release. Current experiments aim 
at revealing the contribution of postsynaptic receptor desensitization and saturation, to the 
observed synaptic changes. We also plan to address changes in the abundance of other CAZ 
proteins at the Piccolo-deficient endbulb active zones and study effects of combined 
manipulation of Piccolo and Bassoon. 
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Abstract: Electrical synapses formed by gap junctions are of fundamental functional importance 
in the nervous system. Invertebrates form these gap junctions by using the supposedly primordial 
innexin proteins, whereas vertebrates use a different and unrelated protein family, the connexins. 
Vertebrates additionally express innexin-homologs in large quantities but only recruit connexin-
based synapses for neuronal processing. These synapses have become renowned for their 
dynamic and use-dependent plasticity. Comparable data are lacking for innexin-based synapses 
so that it is unknown whether the two families differ fundamentally in how they support use-
dependent plasticity. Here we directly studied the in vivo conductance in an innexin-based 
electrical synapse that is important for modulating escape behavior in the leech (Hirudo 
medicinalis). Our results show unequivocally that this innexin-based synapse shares all 
hallmarks of dynamic and use-dependent plasticity that are known for connexin-based synapses 



of vertebrates. We show that serotonin and dopamine efficiently and rapidly modulate 
conductance with time constants of 14 - 18 and 48 s, respectively. Moreover, we demonstrate for 
the first time in any innexin-based synapse that these are capable of stable long-term potentiation 
(LTP) and may even share fundamental mechanisms of induction with their vertebrate 
counterparts. Our findings suggest that electrical synapse plasticity may be a conserved property 
of ancestral gap junctions that is shared by innexin- and connexin based synapses. 
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Abstract: Global oscillations in the brain are linked to synchronized neuronal activity, which has 
been shown to contribute to cognitive processes such as perception, motor performance, learning 
and memory. Electric coupling through gap junctions may facilitate the emergence of 
synchronized oscillations, and influence their properties. Gap junctions between inhibitory 
neurons in the mammalian cerebral cortex have been well studied, but electrical synapses 
between excitatory, pyramidal neurons, or electrotonic junctions, have only recently been 
discovered experimentally. 
In this study, we closely follow experimental data to construct a detailed, comprehensive model 
with both synaptic and electric coupling for both excitatory and inhibitory neurons using a 
modified version of the Hodgkin-Huxley equations. We have successfully replicated data for the 
interaction between pairs of electrically connected excitatory neurons, and pairs of electrically 
connected inhibitory neurons, using our mathematical model. 
Our realistic, computational network model includes 25% inhibitory neurons and 75% pyramidal 
cells coupled both electrically and synaptically. We use a 5% coupling probability for gap 
junctions to occur among neighboring pyramidal cells, and a 50% coupling probability for gap 
junctions between interneurons less than 80µm apart, mimicking the medial prefrontal cortex, 
and visual cortex, of rats and ferrets. 



We organize the neurons on a grid to capture the highly structured spatial properties of a network 
containing both synaptic and gap-junction connections, and to ensure that the probability of 
neurons being coupled is dependent on their location within the network. The external input to 
this patch of the cortex, modeling the influences of neurons from other parts of the brain, is in the 
form of a Poisson spike train. Using this model, we examine the dynamical regimes resulting 
from the inclusion of both electric and synaptic connections, with a specific interest in the 
emergence and properties of synchrony. 
We find that the addition of gap junctions between inhibitory neurons creates oscillations in the 
firing pattern of the inhibitory population. Further, we show that these oscillations are strictly 
due to the gap junctions rather than an increased synaptic current. We also find that the pairs of 
electrotonic junctions serve to create specific patterning in the firing and bursting of the 
excitatory neurons that is linked to the timing of the inhibitory neurons’ oscillations. 
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Abstract: Tomosyn, a presynaptic inhibitor of neurotransmitter release, forms non-fusogenic 
SNARE complexes with the plasma membrane SNAREs, syntaxin and SNAP-25. In vertebrates, 
PKA-dependent tomosyn phosphorylation disrupts its interaction with the SNAREs in vitro. This 
has yet to be demonstrated in the intact nervous system. Our previous studies in Drosophila have 
shown that both tomosyn knockdown and forskolin application enhance neurotransmission 
although these effects are not additive, suggesting they act in the same pathway. Tomosyn 
knockdown flies also exhibit impaired PKA-dependent olfactory learning, indicating that 
tomosyn may be a downstream target in this modulatory pathway. However, synapsin has also 
been implicated in fly PKA-dependent learning. This raises the possibility that PKA-regulation 
of tomosyn may be a secondary consequence of synapsin phosphorylation. To address this 
hypothesis, we have obtained a fly line expressing beggiatoa photoactivated adenylyl cyclase 
(bPAC), an optogenetic tool that allows blue-light activation of cAMP. At the fly NMJ, 
activation of bPAC results in enhanced neurotransmitter release, translocation of tomosyn away 



from the plasma membrane, and a corresponding increase in synaptic vesicle docking by EM. To 
test whether PKA-regulation of tomosyn is direct or indirect, we are exploring the effect of 
synapsin mutations on cAMP-dependent tomosyn translocation. We are also generating a 
tomosyn-HA line using CRISPR/Cas9 to identify physiologically relevant tomosyn 
phosphorylation sites by mass spectrometry. Identification and subsequent mutation of potential 
PKA phosphorylation sites will allow us to directly test the relevance of tomosyn PKA-
phosphorylation through site directed mutagenesis. 
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Abstract: The mouse substantia nigra contains neurons of Dopaminergic (TH+, DAT+ or 
VMAT2+), Glutamatergic (VGluT2+) and GABAergic (GAD1/2+ or VGAT+) phenotypes as 
well as neurons of Dopaminergic/GABAergic (TH+/GAD+) and Dopaminergic/Glutamatergic 
(TH+/VGluT2+) double phenotype. Dopamine neurons communicate with neighbor neurons 
through chemical neurotransmission via the somatodendritic release of dopamine. Also, 
dopamine neurons synchronize during phasic electrical activity, which is modulated by electrical 
synapses. Interestingly, during both appetitive and aversive learning, non-dopaminergic neurons 
show synchronized electrical activity with dopaminergic neurons. In order to gain insight into 
this phenomenon, the expression profile of connexins, the building blocks of gap junctions which 
are responsible for fast neuronal electrical coupling, was determined in individual Dopaminergic 
(TH+/VGluT2-) and Glutamatergic (TH-/VGluT2+) neurons of the substantia nigra of adult 
(p90) mice. Single cell RT-PCR multiplex assays performed using isolated acutely-dissociated 
cells showed that both Dopaminergic and Glutamatergic cells can express Cx26, Cx30, Cx31.1, 
Cx43 and Cx45. Of them, Cx26 and Cx30 are expressed in the vast majority of these cells. 
Moreover, despite previous reports of the expression of Cx36 in dopamine neurons from young 



mice, its expression couldn´t be detected in neurons from the adult substantia nigra. Given that 
Cx26 and Cx30 have the ability to form functional gap junctions either together or in 
combination, our results open the possibility of an electrical coupling between neurons of a 
different phenotype within the substantia nigra. The physiological meaning of this electrical 
coupling is currently under investigation in our laboratory. 
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Abstract: Tuberous Sclerosis (TSC) is a developmental genetic disorder caused by mutations in 
Tsc1 and/or Tsc2. Neurological signs in TSC patients include epilepsy and autism, but the 
cellular mechanisms underpinning TSC are poorly understood. One brain region implicated in 
the pathology of some TSC patients is the thalamus. The laboratory previously generated a 
mouse model in which Tsc1 was selectively deleted in ~70% of relay neurons on E12.5 
(Normand et al., Neuron, 78:895, 2013). This deletion led to enlarged relay neurons with 
abnormal intrinsic excitability, and anomalous circuitry and synchrony in the thalamus; the 
deletion was also sufficient to cause aberrant repetitive grooming and seizures. One way to 
enhance neuronal synchrony is to interconnect cells with electrical synapses, which are 
comprised of neuronal gap junctions: intercellular channels that provide conductive pathways 
from one cell to another. 



Surprisingly, we found strong but sparse electrical synapses between Tsc1∆/∆ relay neurons in 
slices of the ventrobasal (VB) nucleus of the thalamus (Tsc1∆/∆ mice: ~12% of cell pairs, Tsc1+/+ 

mice: 0% of pairs; ages P20-P24). The laboratory has previously shown that gap junction-
mediated electrical synapses are present in VB relay neurons early in development but are 
entirely abolished by the second postnatal week (Lee et al., J. Physiol, 588:2403, 2010). 
Electrically coupled Tsc1∆/∆ relay neurons had synchronized subthreshold and spiking activity. 
Additionally, inhibitory inputs from the thalamic reticular nucleus to one thalamic relay neuron 
could, via electrical synapses, delay the activity of an adjacent neuron and briefly synchronize 
the activity of the cell pair afterwards. We also addressed whether Tsc1 deletion in relay neurons 
alters chemical synapses. Relay cells with Tsc1 deletions had a lower frequency of miniature 
excitatory postsynaptic currents, although the kinetics of these events were unaltered. 
Additionally, TRN inputs to Tsc1∆/∆ relay neurons had slightly altered kinetics but unaffected 
synapse dynamics. Interestingly, Tsc1∆/∆ relay neurons received more frequent feedback 
inhibition than control relay neurons. 
Prenatal Tsc1 deletions led to the induction ectopic electrical synapses among relay neurons as 
well as to changes in intrathalamic chemical synapses. These cellular changes may enhance 
synchrony among relay neurons and the cortex they project to, and contribute to repetitive 
grooming and seizures. 
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Abstract: The importance of gap junctions has been documented in many biological processes, 
but the molecular mechanisms underlying gap junction dynamics remain unclear. Here, we use 
C. elegans PLM neurons as a model to study gap junctions. In a genetic screen, we isolated two 
mutants, unc-44/ankyrin and unc-33/CRMP (Collapsin Response Mediator Protein) altering gap 
junctions. Through genetic analysis and live imaging, we found that ankyrin and CRMP function 



through a kinesin (VAB-8) in regulating gap junction dynamic. Therefore, we first show a signal 
pathway involved ankyrin, CRMP and kinesin in regulating gap junction dynamic. 
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Abstract: Two main classes of neurosecretory vesicles, synaptic vesicles (SVs) and dense core 
vesicles (DCVs), mediate regulated secretion in neurons. Fusion of SVs is a fast and highly 
regulated process, orchestrated by synaptic proteins that modulate docking, priming and fusion. 
While the molecular components driving SV fusion have been well characterized, less is 
understood about the molecular machinery underlying the trafficking and exocytosis of DCVs at 
synapses. DCVs transport, store and release proteins and neuropeptides at multiple sites, 
facilitating a wide range of biological processes including synaptogenesis, synaptic transmission, 
cell survival, and synaptic plasticity. Unlike the release of SVs, DCVs require a larger stimulus 
(30+ Hz stimulation) to trigger exocytosis. Given these considerable differences, we are 
interested in examining how the synaptic machinery that mediates trafficking and fusion of SVs 
and DCVs differ. We have generated tagged versions of DCV cargo and transmembrane 
components to investigate their trafficking at the Drosophila neuromuscular junction. We are 
also employing quantal resolution imaging of vesicle fusion at single active zones to determine 
how DCV containing neuromodulators regulate synaptic communication. 
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Abstract: It is known that connexin 36 (Cx36) and connexin Cx43 (Cx43) are expressed in the 
adrenal gland in adult rodents. In addition, there is evidence that stress induced by cold, in adult 
animals, induces changes in these connexins. Moreover, intercellular channels have been 
involved in the release of catecholamines (CA) by chromaffin cells (CCs) under stress induced 
by intermittent hypoxia during labor. However, the molecular identity, spatial distribution and 
ontogeny of gap junctions in the CCs during prenatal development is unknown. In addition, it is 
ignored whether there are gap junction changes during the perinatal period. To investigate these 
aspects real-time PCR studies were performed using specific probes against Cx43 and Cx36 in 
preparations of adrenal gland pools at 13 and 18 days post coitum (dpc) as well as 3 days 
postpartum (dpp). Between 13 dpc and 3 dpp, an increase in mRNA levels was found for Cx36 
(1.4 fold) and Cx43 (4 fold). These transcript elevations occurred correlated with an increase in 
N-methyl transferase phenyl (46 fold) and 3-β-hydroxy steroid dehydrogenase (7.5 fold) and 
cytochrome P450 family 11 subfamily β member 1 (3.5 fold) respectively. From above, Cx43 
and Cx36 are genes of early expression in the adrenal gland that are up regulated in a 
development and functional dependent manner. The spatial distribution of the respective proteins 
at these stages is presently characterized. GRANT CONACyT-SEP no. 127658, Mexico. 
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Abstract: MesV neurons are primary afferents that innervate spindles of jaw closer muscles and 
mechanoreceptors of the periodontal ligament. Their cell bodies lie within the CNS and form 
part of the networks involved in the organization of orofacial behaviors. These neurons are 
electrically coupled through somatic Cx36-containing gap junctions and coupling is restricted to 
pairs or small clusters. Instead of the classical low-pass properties, electrical transmission at 
these contacts behaves as a band-pass filter with a peak near 50-80 Hz. Experimental evidence 
indicate that this characteristic results from the interaction of the passive properties of coupled 
neurons with the persistent Na+ current (INap) and an A-type K+ current (IA). This frequency 
transfer characteristic supports synchronization and coincidence detection between these cells 
suggesting that sets of MesV neurons defined by electrical coupling operate as functional units. 
However, little is known about the specific role of the INap and the IA in frequency selectivity 
and how these circuits of coupled neurons contributes to the processing of relevant sensory 
information. To address these questions we developed a computational model of MesV neurons 
using NEURON and Python. The model reproduces the morphological features of these neurons 
and the main active membrane conductances and was adjusted to fit several experimental 
parameters such as input resistance, time constant, action potential shape and spiking, using 
evolutionary multi-objective optimization. The numerical model was used to simulate pairs of 
coupled neurons to study in detail the role of the active membrane currents. We found that while 
INap improves the gain of transmission through amplification of subthreshold signals it tends to 
worsen the precision of synchronization. In contrast, while the IA have the opposite effect on the 
gain it reduces the time difference between pre- and postsynaptic spikes improving the precision 
of synchronization. Therefore, these two currents seems to play opposing roles in electrical 
transmission and their antagonistic actions results in a compromise between gain and precision to 
promote neuronal synchronization. Moreover, simulations and experiments show that coupled 



MesV neurons differentiate coincident and non-coincident sensorial stimuli coming from their 
peripheral axons. Depending on the relative delay between inputs, afferent spikes facilitates 
activation of coupled cells (lateral excitation) or delays it (lateral inhibition). The extent of these 
opposing effects and the time window over which they operate are determined by the balance 
between the INap and IA. 
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Abstract: The Octopus vulgaris vertical lobe (VL) is organized as a simple feedforward fan-out 
fan-in network with a robust presynaptic, NMDA-independent, activity-dependent LTP at the 
fan-out synaptic layer. The octopus VL and its LTP are important for the acquisition of long-
term memories outside the VL, as saturating LTP or severing the VL impaired long-term 
memory acquisition but did not erase older memories (Young and Boycott 1955, Shomrat et al 
2008). In this work we started to investigate the mechanisms underlying VL LTP. We first show 
that LTP induction and maintenance are likely not to involve protein synthesis, as the 
administration of anisomycin 20µM in VL slice preparations, before or after LTP induction, did 
not block LTP induction nor maintenance for at least up to 10h after LTP induction. We then 
investigated whether NOS, a well-known mediator of synaptic plasticity in mollusks, is involved 
in the long-term maintenance of LTP. Indeed, the VL neuropil is heavily stained for NOS 
activity (NADPH-d). We found that at least up to 8h after tetanization induced LTP, NOS 



inhibitors could block LTP expression as much as bringing the facilitated synaptic LFP back to 
its control amplitude. A complete block of LTP expression involved a reversal of the paired-
pulse facilitation ratio to the pre-induction ratio, suggesting that blocking the LTP involves 
reversing the probability of transmitter release to the pre-LTP level. Usually the blocking effects 
were reversible and washing out the inhibitors brought the response back to a full LTP level. 
However, we found that as the time gets longer after LTP induction, the proportion of 
experiments where LTP did not recover increased and, interestingly, in these cases tetanization 
reinduced LTP. Taken together, these results suggest a novel “molecular memory switch” 
mechanism whereby activity-dependent NOS activation generates NO that retrogradely mediates 
LTP expression in the presynaptic terminals and at the same time maintains long-term activation 
of NOS. We hypothesize that such a molecular and protein synthesis-independent LTP may 
coordinate, through the VL output, a universal protein synthesis-dependent long-term memory 
acquisition at brain areas outside of the VL. 

Disclosures:  A. Turchetti-Maia: None. N. Stern-Mentch: None. N. Nesher: None. T. 
Shomrat: None. B. Hochner: None. 

Poster 

685. Long-Term Potentiation: Kinases and Intracellular Signaling 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 685.02/G25 

Topic: B.08. Synaptic Plasticity 

Support: NIH/NINDS Grant 1F31NS086174 

 NIH/NINDS Grant 1R21NS074975 

 NIH/NINDS Grant 5R01NS37112 

Title: RGS14 - shutting down synaptic plasticity 

Authors: *P. R. EVANS1,2, P. PARRA-BUENO1, M. ZHAO4, D. J. LUSTBERG4, J. J. 
YANG5, N. T. SEYFRIED3, P. GRIFFIN6, S. M. DUDEK4, R. YASUDA1, J. R. HEPLER2;  
1Neuronal Signal Transduction, Max Planck Florida Inst. For Neurosci., Jupiter, FL; 
2Pharmacol., 3Biochem., Emory Univ., Atlanta, GA; 4Neurobio. Lab., Natl. Inst. of Envrn. Hlth. 
Sci., Research Triangle Park, NC; 5Chem., Georgia State Univ., Atlanta, GA; 6Mol. Therapeut., 
The Scripps Res. Inst., Jupiter, FL 

Abstract: Pyramidal neurons in hippocampal area CA2 differ dramatically from neighboring 
CA3/CA1 pyramidal neurons in that synaptic long-term potentiation (LTP) is not as readily 



induced. We previously identified Regulator of G Protein Signaling 14 (RGS14) as a critical 
brake on CA2 synaptic plasticity and learning and memory. RGS14 knockout (RGS14 KO) mice 
display a robust and nascent capacity for LTP in CA2 pyramidal neurons, which is absent in 
wild-type (WT) mice, and exhibit enhanced hippocampus-dependent learning and memory. 
However, the cellular mechanism(s) by which RGS14 suppresses LTP in CA2 remain unknown. 
The lack of plasticity in CA2 has been attributed to robust calcium (Ca2+) buffering and 
extrusion mechanisms relative to CA3/CA1, but RGS14 has not been functionally linked to Ca2+-
activated signaling pathways critical for LTP induction. Therefore, we investigated whether 
RGS14 restricts LTP in hippocampal CA2 by regulating Ca2+-stimulated pathways required for 
LTP. 
To identify candidate signaling pathways through which RGS14 natively inhibits LTP in CA2, 
we first co-immunoprecipitated RGS14 from mouse brain. We find that RGS14 interacts with 
calmodulin (CaM), Ca2+/CaM-dependent kinase II (CaMKII), and other members of Ca2+-
activated LTP signaling pathways. We validated these novel binding partners using biochemical 
assays and demonstrate that RGS14 directly binds CaM in a Ca2+-dependent manner. Differential 
hydrogen/deuterium exchange (HDX) mass spectrometry reveals that Ca2+/CaM binding to 
RGS14 causes significant conformational changes. Further, we show RGS14 binds to and is 
phosphorylated by CaMKII in vitro. We also find that viral expression of RGS14 in CA1 
pyramidal neurons inhibits LTP induction, suggesting that RGS14 acts through pathways 
common to CA2 and CA1. Using field recordings and pharmacological inhibitors we find that 
the nascent CA2 LTP present in RGS14 KO mice requires NMDAR activation as well as 
CaMKII and PKA activity. We also demonstrate through two-photon glutamate uncaging 
experiments that RGS14 limits structural plasticity of dendritic spines in WT CA2 neurons 
whereas CA2 spines from RGS14 KO mice possess structural plasticity similar to CA1 controls. 
Ongoing studies using two-photon fluorescence lifetime imaging microscopy biosensors are 
further defining if RGS14 modulates postsynaptic Ca2+ levels, CaMKII activity, and other 
downstream signaling, to block plasticity in CA2. Together these studies provide novel 
mechanistic insight into the cellular regulation of synaptic plasticity in area CA2 and the key role 
RGS14 plays in this process. 
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Abstract: After a long-standing debate over whether long-term plasticity is pre or 
postsynaptically expressed, the emerging consensus is that one or both are possible outcomes 
depending on factors such as age, induction protocol, and synapse type. It remains unclear, 
however, what specific computational impact there is to pre vs. postsynaptic expression. To 
address this, we systematically varied the locus of expression in a simplistic model of spike-
timing-dependent plasticity (STDP) inspired by Song and Abbott (Nat Neurosci 2000 3:919; 
Neuron 2001 32:339): a single integrate-and-fire neuron received at least 100 excitatory inputs. 
Presynaptic changes were either implemented by altering the probability of release directly at a 
stochastic synaptic contact following a Binomial release model, or alternatively by changing 
short-term plasticity using the Markram-Tsodyks vesicle depletion paradigm. Postsynaptic 
changes were implemented by additive changes in the quantal amplitude. Synaptic weight 
changes were normalized to give rise to the same magnitude of change irrespective of whether 
probability of release or quantal amplitude was plastic. Learning was assessed as rate of 
convergence to a final steady state in two simple simulation frameworks testing either the coding 
of correlated inputs or of spiking response latencies. With the stochastic release model, plasticity 
of the probability of release led to faster convergence than plasticity of quantal amplitude did, 
irrespective of initial conditions. When modelling presynaptic expression of plasticity in terms of 
stochastic release, we thus found that the rate of learning was generally faster with presynaptic 
than with postsynaptic expression. However, with presynaptic expression implemented in terms 
of changes in short-term depression, the coding of correlated inputs was more rapid with 
postsynaptic than with presynaptic plasticity. This outcome could in part be ascribed to the 
details of the Song and Abbott STDP model, which is not tuned to the neurobiology of multiple 
spike pairings arising at high frequencies. A model biologically tuned to neocortical layer-5 
pyramidal cell synapses (Costa et al, eLife 2015 4:e09457) is predicted to exhibit different 
properties. The vast majority of computational models rely on changing the synaptic gain to 
model synaptic plasticity, which corresponds to altering the quantal amplitude. This however is 
not a neutral choice, as it is in effect a bias toward postsynaptic expression. Here we explore key 
differences between pre and postsynaptic expression of STDP, demonstrating how this default 
assumption in modelling of plasticity may in fact affect simulation results. 
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Abstract: The postsynaptic density scaffold protein PSD-95 is a key organizer of excitatory 
synapses. Abundance of glutamate receptors at the synapse, and thereby synaptic strength, is 
determined largely by synaptic PSD-95 abundance which, in turn, is regulated by activity. 
However, the mechanisms underlying the activity-induced regulation of PSD-95 synaptic 
localization are not clearly understood. Previous work from our lab has shown that influx of 
calcium following synaptic activation induces dispersal of PSD-95 from dendritic spines via 
binding of Ca2+/Calmodulin (CaM) to the N-terminus of PSD-95 that reduces its palmitoylation 
(Zhang et al., EMBO J, 2014). The current study elucidated the role of PSD-95-CaM interaction 
in mediating removal of PSD-95 from synapses that accompanies homeostatic synaptic scaling 
down. Using peptide screening and NMR structural analysis, we identified E17 and T19 within 
PSD-95 N-terminus as the critical residues interacting with CaM. We generated CaM-binding-
defective mutants (E17R and T19K) to test their role in PSD-95 mobilization seen in homeostatic 
scaling down. Using fluorescence microscopy in cultured hippocampal neurons overexpressing 
recombinant PSD-95, we observed that chronic elevation of network activity with the GABA-A 
receptor antagonist bicuculline reduced PSD-95 spine enrichment in spines and both mutants 
blocked this effect. Moreover, replacement of endogenous PSD-95 with either mutant blocked 
reduction of surface AMPA-type glutamate receptors (AMPARs) during scaling down. Further, 
charge inversion mutations of the interacting residues on CaM, compensating for PSD-95 
mutations, restored scaling down of AMPARs. Further work is directed to verify the role of this 
interaction in regulating functional AMPARs using electrophysiological analysis. Reference: Y. 



Zhang, L. Matt, T. Patriarchi, Z.A. Malik, D. Chowdhury, D.K. Park, A. Renieri, J.B. Ames, 
J.W. Hell ‘Capping of the N-terminus of PSD-95 by calmodulin triggers its postsynaptic release’, 
The EMBO Journal 33(12): 1341-53 (2014). 
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Abstract: Long-term potentiation (LTP) of excitatory transmission onto hippocampal principal 
cells is thought to play an important role in memory encoding. Within stratum radiatum, LTP at 
Schaffer collateral-CA1 pyramidal cell synapses is balanced by a complementary increase in the 
recruitment of feed-forward inhibitory interneurons (Lamsa et al., 2005). CA1 pyramidal cells 
also exhibit LTP at their distal synapses located in stratum lacunosum moleculare (SLM), which 
receive excitatory input from entorhinal cortex layer III (ECIII). Whilst this pathway recruits 
strong feed-forward inhibition, it is not known whether ECIII synapses onto SLM feed-forward 
interneurons can also be potentiated, and if so, what downstream effects this might have on 
pyramidal cell signaling. 
Using whole-cell recordings from SLM interneurons in acute mouse hippocampal slices, we 
found that LTP could indeed be induced in these cells. Interestingly, this plasticity was NMDA-
receptor dependent when induced by a low-frequency pairing protocol, but not when induced by 
a spike-timing-dependent-plasticity (STDP) protocol, and in all cases was not pathway-specific. 
Post-hoc anatomical characterization revealed at least a subset of LTP-expressing cells with 
neurogliaform cell-like morphology. Further experiments will probe the signaling pathways and 
mechanisms involved in this novel form of interneuron plasticity, as well as its function within 
the wider hippocampal network. 
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Abstract: Ca2+-dependent activator protein for secretion 1 (CAPS1) regulates exocytosis of 
dense-core vesicles and is probably required at the priming step. Recent studies suggested its 
regulatory role in synaptic transmission by trafficking synaptic vesicles to the active zone. Here 
we report that CAPS1 also has a critical role in hippocampal plasticity. Because conventional 
CAPS1 knockout (KO) mice die soon after birth, we utilized forebrain-specific CAPS1 
conditional knockout (cKO) mice for this purpose. In the hippocampal CA3-CA1 synapses, the 
amplitude and paired-pulse facilitation of the synaptic transmission was respectively reduced and 
increased in CAPS1 cKO. Interestingly, CAPS1 and CAPS2 (another member of the CAPS 
family) are widely distributed in the hippocampal formation and their major distribution areas 
are complementary to each other. CAPS2 KO mice is known to show reduced late-phase LTP at 
CA3-CA1 synapses, whereas CAPS1 cKO mice exhibited an impairment in LTP at CA3-CA1 
synapse with an increased post-tetanic potentiation compared with their control littermates. In 
hippocampal DG-CA3 synapses, the amplitude of the synaptic transmission was respectively 
reduced. But paired-pulse facilitation was no significant difference, and DG-CA3 synapses are 
known to cause pre-synaptic LTP. These results suggest that CAPS1 plays a critical role in 
hippocampal presynaptic plasticity. 
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Abstract: AMPA and NMDA receptors (AMPARs and NMDARs) play a key role in both basal 
activity and the induction of synaptic plasticity at excitatory synapses. Furthermore the 
trafficking and the stabilization of these receptors at the postsynaptic density (PSD) modulate 
synaptic strength. Long-term potentiation (LTP) in the CA1 region of the hippocampus is the 
primary cellular and molecular model to understanding memory. LTP induction at Schaffer 
collateral-CA1 synapses requires the activation of postsynaptic NMDA receptors, Ca2+ influx 
through NMDARs, and activation of Ca2+/calmodulin-dependent protein kinase (CaMKII). 
Within 10s, this activation induces a rapid increase in the number of AMPARs at synapses. 
CaMKII is necessary for LTP induction and by itself enhances the efficacy of synaptic 
transmission. Using CRISPR to eliminate CaMKII (α and β isoforms) we have now unveiled an 
important structural role of CaMKII in maintaining basal synaptic transmission in CA1 
pyramidal neurons. We first confirmed that the two isoforms are both important for LTP, since 
the elimination of both abolished LTP induction. Furthermore basal excitatory postsynaptic 
currents (AMPAR and NMDAR EPSCs) were strongly reduced. Surprisingly our experiments 
demonstrate also that CaMKII is needed for basal NMDAR participation at synapses. Molecular 
replacements with kinase dead forms of CaMKIIα specifically rescued NMDAR transmission 
uncovering a novel structural role for CaMKII in maintaining NMDARs in the PSD. Together 
our results uncover important roles for CaMKII in basal synaptic transmission and clarifying its 
fundamental role in the induction of LTP. 
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Abstract: Acute respiratory distress syndrome (ARDS) remains a common cause of respiratory 
failure, with an estimated annual U.S. mortality rate of over 40%. ARDS patients may 
experience neurological deficits affecting cognitive and autonomic function, which have been 
loosely attributed to neuroinflammatory and hypoxic episodes pursuant to the lung injury. 
In an intratracheal bleomycin (BMi) based model of ARDS, we have previously shown that BMi 
rats displayed elevated brainstem inflammation and synaptic depression in the nTS. We 
hypothesized that: 1) BMi lung injury promotes synaptic depression through changes in post-
synaptic glutamate receptor (GluR) expression, and 2) synaptic depression can be ameliorated by 
minocycline, a microglial/macrophage inhibitor. 
7 days following intratracheal saline (Si) or BMi instillation, BMi rats (n=9) showed greater 
immunoreactivity for the GluR2 subunit of the α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptor compared to control (Si) rats (n=8). There were no 
significant differences in GluR1 and GluR4 levels between groups. 
In support of increased post-synaptic insertion of the GluR2 subunit, the amplitudes of 
spontaneous and tractus solitarii evoked excitatory post-synaptic currents (sEPSCs & TS-
eEPSCs) showed reduced inhibition to the non-GluR2 inhibitor 1-Naphthyl acetyl spermine 
trihydrochloride (NASPM) in BMi (n=6) rats compared to Si rats (n=7). Moreover, the current 
rectification index of TS-eEPSCs (recorded in the presence of 0.1µm spermine at +40/-60) was 
significantly greater in BMi (n=4) compared to Si (n=4) rats, and the I-V relationship of TS-
eEPSCs became more linear in the BMi group. 
To determine whether microglia/macrophages contributed to the increase in post-synaptic GluR2 
in the nTS following BMi instillation, BMi rats and Si rats were treated with intraperitoneal (ip) 
injections of minocycline (25mg/kg) or vehicle for 7 days following lung injury. BMi rats treated 
with minocycline (n=7) exhibited significantly lower GluR2 immunoreactivity in the nTS 



compared to vehicle treated BMi rats (n=7), but was still significantly greater than Si rats treated 
with vehicle (n=5). Neurons from BMi rats treated with saline (n=5) had reduced amplitude and 
prolonged rise time of sEPSCs that were reversed in minocycline treated BMi rats (n=8). 
Increases in GluR2 expression contribute to post-synaptic depression of sEPSCs in nTS neurons 
following BMi lung-injury, and are reversed by minocycline treatment. We conclude that 
microglia regulate this process and that neuroinflammation may contribute to dampened 
autonomic function in the setting of acute lung injury. 
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Abstract: The hippocampus is thought to mediate learning and memory by altering the strength 
of synapses within its circuitry. In many cases, this synaptic plasticity can be induced by 
signaling molecules. Lipid-based signaling molecules called endocannabinoids, can modulate 
synaptic plasticity among hippocampal pyramidal cells and stratum radiatum interneurons; 
however, the role of endocannabinoids in mediating synaptic plasticity among interneurons in 
the stratum oriens is still unclear. Using patch-clamp electrodes to extract single cells we 
analyzed the expression of endocannabinoid biosynthetic enzyme mRNA using RT-PCR. In this 
analysis, we examined cellular expression of several calcium-binding proteins and neuropeptides 
to determine interneuron subtype. We analyzed cellular expression of several endocannabinoid 
biosynthetic enzymes, including N-acyl phosphatidylethanolamine phospholipase D (NAPE-



PLD), diacylglycerol lipase alpha, and 12-lipoxygenase, as well as type 1 mGluRs. Preliminary 
data suggests that stratum oriens interneurons express mRNA necessary for endocannabinoid 
biosynthetic enzymes. To test the role of endocannabinoids in synaptic plasticity, stratum oriens 
interneurons were patched and glutamate currents were recorded in the presence of a fatty acid 
amide hydrolase inhibitor (URB597) to increase endogenous anandamide. We observed a 30% 
enhancement above baseline (n=7, p<.001) that was blocked by the CB1 inhibitor AM-251 (n=6, 
p<.001). These results demonstrate a novel endocannabinoid-mediated mechanism for synaptic 
plasticity in stratum oriens interneurons. 
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Abstract: Activity-regulated cytoskeleton-associated protein, Arc, is implicated in multiple 
forms of synaptic plasticity. It binds to distinct sets of proteins and has functions at synapses and 
the nucleus. This suggests that Arc function and localization is tightly regulated. Arc 
transcription, postsynaptic mRNA localization, and translation are all ERK-dependent processes. 
We suggest that ERK is further implicated in Arc regulation by phosphorylating Arc post-
translationally. Activated Erk2 phosphorylates bacterially expressed Arc in vitro at five sites, as 
confirmed by phospho-specific protein staining and subsequent LC-MS/MS analysis. Following 
LTP induction in the dentate gyrus of the adult rat, phosphorylated Arc was detected using a 
phospho-site specific antibody to probe immunoprecipitated Arc. We further demonstrate 
stimulus-evoked, ERK-dependent phosphorylation of Arc in neuroblastoma cell lines. Lentiviral 
infections of phosphomutated Arc in cultured hippocampal neurons show a time-dependent 
difference in cytosolic to nuclear expression compared to wildtype. In conclusion, we 
demonstrate ERK catalyzed phosphorylation of Arc in situ. 
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Title: HINT1 protein: a role in spinal neuroplasticity underlying opioid tolerance and 
neuropathic pain. 

Authors: *C. PETERSON1,2, R. SHAH3, K. F. KITTO4, C. FAIRBANKS5,2,1, C. R. 
WAGNER3, G. L. WILCOX4,6,5;  
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Abstract: Background: The interactions between the mu-opioid (MOR) and N-methyl-D-
aspartate (NMDAR) receptors are an area of intense investigation due to their contribution to 
maladaptive neuroplasticity. Evidence suggests that their association requires the involvement of 
histidine triad nucleotide-binding protein (HINT1). Since it is known that spinal blockade of 
NMDAR prevents the development of opioid analgesic tolerance, we hypothesized that spinal 
inhibition of HINT1 enzyme may similarly inhibit opioid tolerance. Given the similar 
mechanisms underlying the development of both opioid analgesic tolerance and neuropathic 
pain, we reasoned that HINT1 inhibition may reduce the development of neuropathic pain, 
consistent with observations that antagonism of NMDAR inhibits both developments. Blockade 
of NMDAR is known to inhibit the development of MOR analgesic tolerance. To address these 
questions we evaluated HINT1 inhibitors in three models of spinal neuroplasticity: morphine-
induced inhibition of NMDA-evoked behavior, endomorphin-2 induced analgesic tolerance, and 
spared nerve injury. 
Experiments: Morphine inhibition of NMDA-induced behavior: Morphine (10 nmol, i.t.) 
reduced hindlimb-directed scratching and biting behaviors elicited by intrathecal NMDA (0.3 
nmol, i.t.). A 5 minute pre-treatment with a HINT1 inhibitor, guanosine-5’-tryptamine carbamate 
(TpGc), dose-dependently inhibited the morphine-induced reduction of NMDA behavior. Pre-
treatment with vehicle alone had no effect. 
Endomorphin-2 Induced Analgesic Tolerance: Mice were treated with either TpGc (10 nmol, i.t.) 
or vehicle. Mice were then injected with endomorphin-2 (10 nmol, i.t.) to induce acute opioid 
tolerance. At thirty minutes post-injection, the tail flick latencies of mice returned to baseline 
levels and a probe dose of endomorphin-2 (10 nmol) was administered. Pre-treatment of TpGc 
prevented the development of endomorphin-2 tolerance. 



Spared Nerve Injury: Tactile hypersensitivity was established in mice via partial ligation of the 
sciatic nerve. TpGc was delivered intrathecally either prior to surgery or one week following 
surgery, and mice were tested for their von Frey thresholds for several days following surgery. 
TpGc pre-treatment significantly attenuated the tactile hypersensitivity relative to vehicle-treated 
controls. This effect persisted through day 5 post-surgery. Additionally, delivery of TpGc one 
week following induction of neuropathic hyperalgesia transiently reversed tactile 
hypersensitivity. 
Conclusion: These data suggest a role for the HINT1 enzyme in spinal neuroplasticity involving 
NMDA receptor mechanisms. 
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Title: High-frequency stimulation induces cholecystokinin release from their terminals that 
switches long-term potentiation in the auditory cortex 

Authors: *W. XIAOYU, X. LI, Y.-T. WONG, J. HE;  
City Univ. of Hong Kong, Hong Kong, Hong Kong 

Abstract: In our previous studies, we found that the medial temporal lobe influences neocortical 
plasticity via CCK-positive cortical projection neurons in the entorhinal cortex. In the rat 



auditory cortex, long-term potentiation (LTP) could be induced either by high-frequency (HF) 
stimulation or by only low-frequency stimulation in the presence of CCK. We hypothesized that, 
with two low-impedance electrodes, LTP of the connection A to B could be induced by 
stimulating electrode A with HF, or by stimulating electrode B with HF. We then implanted two 
electrodes in two hemispheres of the auditory cortex, which showed connectivity 
physiologically. After recording the baseline field potential responses in one hemisphere 
(electrode B) to the electrical stimulation in the other (electrode A), we applied HF burst 
stimulation at A. LTP was induced over the above baseline. We further applied HF burst 
stimulation at B, LTP (with A as the stimulation electrode and B as the recording electrode) was 
further enhanced. We further hypothesized that HF stimulation was to induce the release of CCK 
in the stimulation site. In the following experiment, we embedded electrodes and drug-injection 
needles bilaterally into the rat auditory cortex. After injection of CCK antagonist in the high-
frequency stimulation side, rat showed no more LTP, whereas LTP could still be triggered when 
CCK antagonist was injected on the recording side. The results indicate that HF stimulation 
induced CCK release from their terminals and CCK strengthened the connection in the 
surrounding synapses. In conclusion, HF-induced LTP of the direction A to B is produced by the 
increased input current from A. 
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Title: Actin tyrosine-53 phosphorylation in rat hippocampus LTP 
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Helsinki, Finland; 5Minerva Inst. for Med. Res., Helsinki, Finland; 6Dept. of Neurosci., 
Karolinska Institutet, Stockholm, Sweden 

Abstract: Our objective was to study the role of actin phosphorylation in dendritic spines during 
plastic events. Rapid re-organization and stabilization of the actin cytoskeleton in dendritic 
spines enables cellular processes such as long-term potentiation (LTP). We hypothesized that 
phosphorylation of actin shortens the filaments, thereby increasing their dynamics (more free – 
and +-ends). 
The common view is that actin binding proteins regulates the stability of actin filaments but in 
some species, like the slime mold Dictyostelium, actin phosphorylation has been shown to be 
used for this purpose. The tyrosine-53 residue of actin is highly conserved between species and 
this indicates that this phosphorylation site could have a functional role also in mammals. We 
show that actin in dendritic spines is dynamically phosphorylated at tyrosine-53 in rat 
hippocampal neurons. 
We did fEPSP (field excitatory post-synaptic potential) recordings, induced LTP in the CA1 of 
acute rat hippocampal slices and used western blot to study the amount of phosphorylated actin 
here. The CA1 was frozen 35min after LTP induction and a pY53 (phosphotyrosine-53) specific 
antibody was used to show a significant increase (2.3 fold) in the amount of phosphorylated actin 
when compared to control slices. This shows that phosphorylation of actin occurs during LTP, 
probably to increase the dynamics of the actin filaments and enable the structural changes of the 
spine head needed for LTP formation. 
To study the functional role of actin phosphorylation in LTP we expressed actin constructs 
modified either to mimic pY53 actin (Y53E, Tyr replaced with Glu) or to be unsuitable for 
phosphorylation (Y53A, Tyr replaced with Ala) and for control we used wildtype actin (wt). The 
constructs were conjugated with GFP to enable detection of expression. We used in vivo lenti-
virus injections (under isoflurane anesthesia) during P1-4 (postnatal day) to perform transduction 
of the constructs. After P14 we did fEPSP recordings in CA1 and compared the size of LTP in 
slices expressing the different actins. Expression of the pY53 actin mimicking actin reduced the 
size of LTP as compared with wt and Y52A expression (22±4%, n=11 vs. 37±4%, n=22). 
The conclusion is that actin is phosphorylated at tyrosine 53 during expression of LTP and that 
this mechanism is obstructed by the expression of pY53 mimicking actin. The idea is that if 
many actin filaments already are very short and dynamic, due to Y53E expression, there is a 
reduced number of filaments that can increase their dynamics and re-arrange as a response to the 
LTP induction protocol. What kinases/phosphatases that are involved in regulating actin 
phosphorylation is still unknown. 
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Title: The temporal crosstalk of NMDARs and matrix metalloproteases activity determines the 
magnitude of EPSP-to-spike potentiation and c-Fos expression in the CA1 hippocampal region 
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Abstract: Matrix metalloproteases (MMP) activity supports reorganization of extracellular 
matrix, synaptic plasticity, learning and memory. However, the functional and molecular 
mechanisms remain largely unknown. Recently, MMP-3 was shown to cleave NR1 subunit of 
NMDARs and was upregulated following hippocampus-dependent learning. NMDARs are 
calcium permeable channels that are necessary for induction of long-term EPSP-to-spike (E-S) 
potentiation and synthesis of pro-plasticity proteins via upregulation of gene expression. We 
hypothesized that MMP-3 activity might affect NMDAR function and downstream signaling 
cascades involved in neuronal plasticity but this issue has not been addressed before. We thus 
started with description of the temporal requirement for MMP-3 and NMDARs activity on the 
magnitude of E-S plasticity in CA1 hippocampal region in acute brain slices of C57BL6 adult 
mice. We found that E-S potentiation following high frequency stimulation (HFS, 4x100Hz, 
field-potentials technique) was significantly reduced when NMDAR antagonist APV (50µM) or 
MMP-3 inhibitor NNGH (10µM) was applied before or up to 15-30 minutes post HFS. We next 
analyzed immediate early gene product cFos protein expression in fixed sections of recorded 
slices. We found that NNGH and APV effects on E-S potentiation were temporally matched with 
expression of immediate early gene product cFos in CA1 pyramidal neurons. Next we asked 
whether exogenous recombinant MMP-3 alters NMDARs function in two models: NMDAR-
mediated local field potentials evoked with glutamate puffs in acute brain slices (glutamate and 
D-serine in the presence of DNQX and nifedipine) and NMDA-evoked Ca2+ waves in cultured 
hippocampal neurons (measured with Fura2 Ca2+ indicator). We found that exogenous MMP-3 
enhanced somatodendritic Ca2+ waves following multiple exposure to NMDA (15-20 min) in 
vitro and dendritic glutamate-evoked NMDAR-mediated field potentials. In conclusion, MMP-3 
may modulate NMDARs function, postsynaptic Ca2+ entry and gene expression but this process 



is time-locked vs. episode of enhanced neuronal activity. Our study also provides a new insight 
into mechanism of MMP-dependent hippocampal neuronal plasticity, learning and memory. 
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Authors: *G. MAHAJAN, S. NADKARNI;  
Biol., IISER, Pune, Pune, India 

Abstract: A transient rise in calcium in the postsynaptic dendritic spine is a necessary trigger for 
activity-dependent synaptic potentiation/depression seen in a variety of stimulation protocols. 
Models for NMDAR-dependent long-term potentiation (LTP), including those for spike-timing-
dependent plasticity (STDP), have traditionally attempted to link the direction and magnitude of 
synaptic change to the peak of the calcium elevation, or, more generally, to the time course of the 
calcium signal (calcium control hypothesis). In these models, NMDA-gated and voltage-gated 
channels provide the only sources of calcium entry into the cell. However, calcium stores in the 
sarco-endoplasmic reticulum (SER) can also potentially contribute to the calcium dynamics in 
dendrites and spines. We study how the release of calcium from intracellular stores via multiple 
pathways can modulate the calcium signal elicited by pre and post synaptic activation in different 
scenarios that span a broad range of timescales. There is growing experimental evidence 
implicating a role for SER calcium channels such as those coupled to ryanodine and IP3 
receptors in regulation of diverse forms of plasticity. Using a computational model of a 
hippocampal neuron that incorporates considerable level of biophysical detail, we attempt to 
quantify the influence that presence of the ER machinery can have on dendritic membrane and 
calcium dynamics, and in turn, on the downstream signalling networks involved in LTP/LTD 
induction. Such an understanding will contribute to a more complete mechanistic picture of spine 
maintenance and plasticity. Our work should also help to better characterize how familial 
Alzheimer's disease-linked mutations in presenilin, a protein known to regulate calcium release 
from the ER, could disrupt synaptic function on the post-synaptic side. 
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Title: GRASP1 regulates synaptic plasticity and learning through endosomal recycling of 
AMPA receptors 
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Abstract: Learning depends on experience-dependent modification of synaptic efficacy and 
neuronal connectivity in the brain. Recycling endosomes play an essential role in regulating 
activity-dependent synaptic strengthening and spine morphogenesis at glutamatergic synapses in 
vitro, but the underlying molecular mechanisms involved and their role in vivo remains unclear. 
Here we provide direct evidence for physiological roles of the recycling endosome protein 
GRASP1 in glutamatergic synapse function and behavior. Mice lacking GRASP1 showed 
abnormal excitatory synapse number and synaptic plasticity. Moreover, learning-induced 
synaptic AMPA receptor incorporation as well as multiple forms of hippocampal-dependent 
learning and memory were impaired in these mice. We found that GRASP1 interacted with 
AMPA receptors and was recruited to synapses in an activity-dependent manner in neurons, 



which may underlie experience-induced synaptic AMPA receptor delivery and synaptic 
strengthening necessary for subsequent learning and memory. Interestingly, we identified two 
GRASP1 point mutations from patients with severe intellectual disability. These GRASP1 
mutations displayed altered binding to recycling endosomal proteins and impaired activity-
dependent AMPA receptor recycling, suggesting a potential role for GRASP1 in the 
pathophysiology of human cognitive disorders. 
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Abstract: Calcium as a 2nd messenger is critical in transmitting synaptic signals to the nucleus of 
the neuron to initiate gene transcription required for long-term memory. Voltage-gated calcium 
channels such as L-type calcium channels (LTCC) and NMDA receptors (NMDARs) serve as 
the principle sites for calcium entry on the membrane. NMDARs permit calcium entry at the 
synaptic site upon coincident presynaptic activity and postsynaptic depolarization, while LTCCs 
have an important role in translating cytosolic calcium increases to nucleus gene expression. 
Using early odor preference learning in mice as a model system, we study how LTCCs and 
NMDARs interact to promote memory formation. Early odor preference learning is induced by 
pairing a novel odor with a tactile stimulation (e.g. stroking a pup with a brush). We focus on the 
anterior piriform cortex (aPC) which has been previously identified as a primary site for early 
odor preference learning. Using calcium imaging in aPC slices of postnatal 8-10 mice, we show 
that LTCC activation is dependent on NMDAR activation. Either D-APV (NMDAR antagonist) 
or nifedipine (LTCC antagonist) reduced somatic calcium transients in pyramidal cells evoked 



by lateral olfactory tract (LOT) stimulation. However, nifedipine application did not result in 
further reduction of calcium in the presence of D-APV, while activating LTCCs directly with 
BayK-8644 enhanced LOT evoked calcium transients in D-APV. We next show that long-term 
potentiation of pyramidal cell calcium transients is dependent on both NMDARs and LTCCs. 
Blocking either NMDARs or LTCCs prevented the long-term calcium increase that could be 
otherwise induced in normal aCSF. We then studied the roles of these two channels in mediating 
early odor preference learning and AMPA receptor (AMPAR) trafficking to the synaptic 
membrane. Blocking NMDARs in the aPC prevented short-term (3h) and long-term (24h) odor 
preference memory, and both memories were rescued when BayK-8644 was co-infused with D-
APV. Blocking LTCCs only prevented 24h memory and spared 3h memory. Synaptic AMPAR 
expression at 3h was elevated in the vehicle infused learning group, as well as the nifedipine 
group and the D-APV+BayK-8644 group. However, it was no longer elevated in the nifedipine 
group at 24h. The patterns of AMPAR membrane expression mirror behavioral outputs at both 
3h and 24h, suggesting AMPAR insertion is critical for both 3h and 24h memories. These results 
suggest LTCC is not necessary for short-term odor preference memory which has been shown to 
be protein-synthesis independent. Further experiments will focus on the input-specificity of odor 
preference memory induced by NMDAR and LTCC activation. 
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Title: High fat diet impairs synaptic plasticity by palmitoylation and reduces trafficking of 
AMPA receptor GluR1 subunit 
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Abstract: High-fat diet (HFD) causes metabolic alterations including dyslipidemia and insulin 
resistance, and impacts on hippocampal synaptic transmission and plasticity through still poorly 
understood molecular mechanisms. In hippocampi of mice fed with HFD for 6 weeks we found 
increased levels of palmitic acid and reduced long-term potentiation (LTP) at CA3-CA1 
synapses (SD= 186.2 ± 19.9, HFD= 123.6 ± 8.1; n=9 for each group; p<0.05). Palmitic acid is 
the substrate for a post-translational modification called palmitoylation, that regulates trafficking 
and signaling pathways of many proteins involved in synaptic function. To test whether the 
effect of HFD on synaptic function is mediated by an altered palmitoylation of synaptic proteins, 
we analyzed the palmitoylation of both NMDA and AMPA receptor (AMPAR) subunits in the 
hippocampus of HFD-fed mice. HFD specifically increased the palmitoylation of AMPAR 
subunit GluR1 (+30% ± 1; n=5; p<0.05), that is the main effector of LTP, and reduced its 
phosphorylation at serine 845 (pGluR1-S845) (-35% ± 1; n=4; p<0.05). To deep investigate the 
molecular mechanism underlying the diet-dependent change of GluR1 palmitoylation we 
performed an in vitro model resembling the in vivo metabolic stress. Mouse hippocampal 
neurons treated for 24h with (20 nM) insulin and (200 µM) palmitic acid (IPA) showed: i) an 
alteration of GluR1 palmitoylation/S845 phosphorylation balance; ii) reduced GluR1 trafficking 
to the plasma membrane and lower binding with PSD-95; iii) the loss of GluR1 activation upon a 
chemical LTP protocol. Accordingly, autaptic hippocampal neurons exposed to IPA showed a 
significant reduction in amplitude of AMPAR evoked post-synaptic currents (-45% ± 1 of 
controls; n=20; p<0.001). Moreover, GluR1/PSD-95 interaction was inhibited by IPA treatment 
(-70% ± 2 of controls; n=4; p<0.01). Finally, a complete rescue of both GluR1 palmitoylation 
and LTP impairment was observed in organotypic brain slices exposed to the competitive 
inhibitor of palmitic acid, 2-bromo palmitate (5 µM for 24 h). Collectively, our data indicate that 
IPA affects synaptic plasticity altering both palmitoylation and trafficking of GluR1. Our 
findings reveal a novel molecular mechanism underlying the diet-related synaptic dysfunction. 
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Title: Conditional deletion of LRRTM proteins impairs long term potentiation (LTP) in 
hippocampal CA1 pyramidal neurons in adult mice 
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Abstract: Leucine-rich repeat transmembrane (LRRTM) proteins are postsynaptic cell adhesion 
molecules. Like neuroligins, LRRTM proteins bind to presynaptic neurexins and form 
transynaptic adhesion complexes. LRRTM proteins regulate synapse formation in vitro and 
appear to influence synaptic function in vivo. Indeed, double knockdown (DKD) of LRRTM 1 
and 2 strongly impairs LTP at both neonatal and mature Schaffer collateral-CA1 (SC-CA1) 
synapses but their detailed role in synaptic plasticity remains unclear. 
Here we used viral-mediated knockout (KO) of LRRTM proteins in vivo to examine their role in 
long-term potentiation (LTP) and basal synaptic transmission. We performed stereotaxic 
injections of lentivirus expressing Cre recombinase fused to GFP in floxed LRRTM1 and floxed 
LRRTM2 conditional knockout (KO) mice at P21 to delete LRRTM 1 alone, LRRTM 2 alone or 
both LRRTM1 and 2 in CA1 pyramidal neurons. Acute hippocampal slices from these animals 
were prepared 10-15 days later and whole-cell recordings from CA1 pyramidal neurons were 
made to record excitatory postsynaptic currents (EPSCs) evoked by electrical stimulation of SCs. 
We find that LTP is strongly impaired in LRRTM 1 KO, LRRTM 2 KO and in LRRTM 1-2 
double KO (DKO) CA1 neurons. Overexpression of LRRTM 2 alone is sufficient to restore LTP 
in LRRTM 2 KO and LRRTM 1/2 DKO CA1 neurons. Assays of basal synaptic transmission 
(i.e. AMPAR/NMDAR ratios, paired-pulse ratios, miniature EPSCs) revealed that LRRTM1/2 
KO had no detectable effects on basal synaptic responses. Molecular replacement experiments 
using mutant forms of recombinant LRRTM2 are on-going to test the hypothesis that LRRTMs 
are required for the maintenance of the increased number of synaptic AMPA receptors following 
the induction of LTP. 
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Abstract: Local dehydration ex-vivo was previously shown in mouse hippocampal slices to 
impair synaptic plasticity by preventing late-phase long-term potentiation (L-LTP) induction. 
There was also an increase in basal synaptic transmission upon dehydration indicating 
hyperexcitability of neurons. In addition, during subthreshold stimulation of L-LTP, the levels of 
phosphorylated cAMP response element-binding protein (pCREB) increased upon proteasome 
inhibition by β-lactone. Here, we examined the effect of dehydration on modulation of CREB 
phosphorylation by subthreshold stimulation. Controlled dehydration was achieved with inert 
non penetrating polymers either PEG (Polyethylene glycol-8000) or Dextran-10,000 dissolved in 
artificial cerebrospinal fluid (ACSF) to attain colloidosmotic pressures of 0 mmHg in control 
ACSF and 54 mmHg, 101 mmHg, and 196 mmHg with PEG and 109 mmHg with Dextran. This 
pressure range amounts to <5% of plasma osmotic pressure (~5800 mmHg). 
Electrophysiological recordings were performed at 32◦C. Basal synaptic responses were 
measured upon incremental stimuli (10-35V) at each bath pressure. To investigate the effect of 
dehydration on CREB phosphorylation, hippocampal slices were equilibrated at a colloid 
osmotic pressure of 196 mmHg for 30 min. Slices in ACSF were used as control. Thereafter, 
subthreshold stimulation for L-LTP induction was given as two 100-Hz trains spaced 5 min 
apart. Slices were fixed within 1 min, stained with anti-pCREB (Ser-133) antibody and 
quantified in confocal images using Image J software. For proteasome inhibition, slices were 
treated with β-lactone (25 µM) in both control and dehydrated slices. Experiments were 
reproduced in at least 6 mice. 
Basal synaptic transmission increased in proportion to dehydration and the effect was reversible 
and independent of the polymer used to control hydration. After subthreshold stimulation, CREB 
phosphorylation increased in dehydrated slices but not in control slices. Upon proteasome 
inhibition, pCREB levels increased in both non-dehydrated and dehydrated slices to similar 
levels. These results indicate that dehydration, like proteasome inhibition, also increases CREB 
phosphorylation. This increase may be related to the observed hyperexcitability of neurons and 
the consequent impairment of synaptic plasticity. 
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Abstract: Variations in cadherin-catenin adhesion complex genes are associated with 
multivariate drug use, however the role of these proteins in drug-mediated synaptic plasticity has 
not been defined. Here we demonstrate that classical cadherins N-cadherin, R-cadherin, and 
cadherins -7, -8, and -11 are expressed in dopaminergic (DA) and non-dopaminergic neurons of 
the VTA and that N-cadherin is localized to both excitatory and inhibitory synapses being 
formed onto these DA neurons. Inhibiting intercellular N-cadherin interactions abolished spike-
timing dependent plasticity in the VTA, indicating that cadherins are important mediators of 
synapse plasticity in this region. Using immuno electron microscopy we demonstrate that 
following cocaine-mediated conditioned place preference (CPP), cadherin and GluA1 are 
significantly recruited to the synaptic membrane of excitatory synapses being formed onto 
dopaminergic neurons. This is reversed following extinction of CPP. Moreover, stabilizing 
cadherin at the membrane using a transgenic mouse model significantly attenuates cocaine-
mediated CPP and spike-timing dependent plasticity. These results show that cadherins play an 
important role in synaptic plasticity in the VTA and may be involved in structural changes at 
synapses caused by cocaine use. 
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Abstract: Transcranial direct current stimulation (tDCS) has been reported to enhance cognitive 
and motor performances in healthy subjects as well as in patients suffering from neuropsychiatric 
diseases. As such the molecular mechanisms underlying tDCS effects are being increasingly 
investigated. We recently demonstrated that a single 20-min anodal tDCS session induced long-
lasting enhancement of long-term potentiation (LTP) at hippocampal CA3-CA1 synapses and 
improved hippocampal-dependent spatial and working memory through a mechanism involving 
epigenetic regulation of Bdnf gene expression (Podda et al., 2016). Here we further investigated 
the early molecular events triggered by anodal tDCS leading to enhanced synaptic plasticity in 
the hippocampus. To this aim we evaluated the involvement of Ca2+-activated pathways given 
that increased intracellular Ca2+ levels likely occur following anodal tDCS-induced neuronal 
depolarization. We found that 3 h after stimulation, hippocampi from tDCS-mice showed 
increased CaMKII phosphorylation at Thr286 compared to sham-stimulated controls, as revealed 
by Western immunoblot analyses (+102% vs. controls; P<0.05). Additionally, 
immunoprecipitation assays revealed that S-nitrosylation of the histone deacetylase 2 (HDAC2) 
was increased in tDCS-mice compared to controls (+450%; P<0.05), suggesting that HDAC2 
inhibition contributes to the enhanced acetylation of the Bdnf promoter we observed following 
tDCS. These data suggest that transient increases in intracellular Ca2+ levels by tDCS initiate 
molecular cascades leading to long-lasting chromatin remodeling of Bdnf gene. We also further 
investigated the molecular pathways downstream of Bdnf/TrkB signaling activated by tDCS, 



focusing on glycogen synthase kinase-3β (GSK-3β). We found that anodal tDCS enhanced GSK-
3β phosphorylation at Ser-9 (+155%; P<0.005) that inhibits the enzyme activity. Interestingly, 
reduced GSK-3β activity is known to enhance LTP and modulate neuronal excitability in the 
hippocampus. Of note, patch-clamp recordings showed that the number of action potentials 
elicited by depolarizing current injection (150 pA) was significantly increased in hippocampal 
slices obtained from tDCS-mice compared to control slices (10.4 ± 1.1 vs. 6.8 ± 1.0 in controls; 
P<0.05). Collectively, our findings provide further insights into the mechanisms underlying 
tDCS effects on synaptic function, that ground the use of tDCS for improving brain functions 
under physiological and pathological conditions. 
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Abstract: Caffeine is one of the most widely consumed psychoactive stimulants in the world. Its 
effects on neurological functions, such as increases in alertness and improvements in motor 
skills, have promoted its use throughout history. Although there have been many studies of the 
short-term cognitive benefits of caffeine intake, its long term effects have been widely debated. 
Despite this, it is estimated that nearly 60% of American adults consume caffeine on a daily 
basis, resulting in annual spending of $40 billion. In this study we examined the effects of 
chronic caffeine exposure on long term potentiation, a cellular model of learning and memory. 
Caffeine water (1.0g/L) was administered to 10-17 week-old rats at least three weeks prior to 
experimentation, after which these rats underwent stereotaxic surgery to chronically implant a 
stimulating electrode in the perforant path—a major hippocampal multimodal sensory input 
pathway—and a recording electrode in the dentate gyrus—the first branch of the hippocampal 
tri-synaptic circuit. This allowed for reliable evoked field potentials to be recorded in the dentate 



gyrus and quantified by computer analysis. Following a one-week postsurgical recovery period, 
LTP was induced in the dentate gyrus using a standard burst tetanization protocol (100-pulse, 5-
Hz theta-burst stimulation, TBS) applied to the perforant path. All experimental protocols were 
performed according to the United States Public Health Service’s Guide for the Care and Use of 
Laboratory Animals and were approved by Trinity College Institutional Animal Care & Use 
Committee. After at least 5-7 days of post-surgical recovery, population spike amplitude 
measures of LTP induction were acquired in freely behaving rats using electrophysiological 
recording techniques. Our results indicate that rats that were exposed to caffeine (n =14) show a 
statistically significant (p < 0.05) lower level of LTP induction compared to controls (n =15). 
However, no statistically significant differences were found in the duration or persistence of 
LTP, suggesting that caffeine disrupts LTP induction but not its duration. More studies are 
needed to determine the exact mechanism through which caffeine alters LTP induction. 
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Abstract: It has been suggested that perisynaptic astrocytic processes have a role in synaptic 
plasticity. Here we propose a simple model for astrocytic modulation of synaptic plasticity. The 
model consists of presynaptic, postsynaptic and astrocyte compartments of the tripartite synapse. 
Presynaptic activation initiates neurotransmitter release into the synaptic cleft. This 
neurotransmitter binds with NMDA receptors leading to calcium influx into the postsynaptic 
compartment. However, NMDAR opening is also contingent upon postsynaptic potential-



dependent magnesium blockage. The postsynaptic compartment is influenced by both the 
presynaptic compartment and astrocytic processes. Astrocytes release gliotransmitters including 
D-serine and glutamate, which in turn regulate the synaptic neurotransmitter concentration and 
influence the postsynaptic calcium concentration. Following the ‘calcium control hypothesis,’ we 
assume that the postsynaptic calcium controls the “synaptic strength”, w, which corresponds to 
the strength of response of AMPA receptors to synaptic glutamate. This synaptic strength is 
modelled by a cubic nonlinearity exhibiting bistable dynamics. 
The proposed model is comprised of a presynaptic variable (firing rate) and postsynaptic voltage 
(controlled by an external current), which are independently varied to display LTD and LTP. 
Interestingly, the model exhibits BCM-like dynamics wherein the plasticity switches from LTD 
to LTP at a threshold value of postsynaptic voltage. A key feature of the model is that this 
threshold voltage is modulated by gliotransmitter released by the astrocyte. We next simulate 
weight dynamics at two synapses supplied by the same astrocyte such that that the total 
gliotransmitter released to the two synapses is conserved. Simulations showed a mechanism of 
normalization of the two synaptic weights in that growth in one synapses is accompanied by 
attenuation in the other. 
In summary, the model demonstrates: (1) astrocyte induced modulation in LTD to LTP 
threshold, and (2) weight normalization of multiple synapses controlled via astrocytic 
gliotransmitter release. 

Disclosures:  O.V. Sreerag: None. R. Phillips: None. S. Chakravarthy: None. M. Sur: None. 

Poster 

686. Mechanisms of Synaptic and Neuronal Plasticity 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 686.01/G48 

Topic: B.08. Synaptic Plasticity 

Support: CIHR 

 NSERC 

Title: Unveiling neuronal differences in chloride extrusion capacity 

Authors: F. FERRINI1, L.-E. LORENZO2, M. COTTET2, A. GODIN3, N. DOYON2, *Y. DE 
KONINCK4;  
1Univ. or Turin, Turin, Italy; 2Laval Univ., Quebec, QC, Canada; 3Univ. of Bordeaux, Bordeaux, 
France; 4Cell. & Mol. Neurobio., Laval Univ. / IUSMQ, Quebec, QC, Canada 



Abstract: The strength of synaptic inhibition in the adult neurons relies on their capacity to 
maintain intracellular chloride (Cl-) concentration, and the main regulator of intracellular Cl- 
concentration is the K+-Cl- co-transporter 2 (KCC2). As KCC2 function is not homogenous 
across the CNS, these differences may significantly affect the integration of inhibitory inputs. 
Here we combined different approaches to explore the impact of variable Cl- extrusion capacities 
in nociceptive neurons of the superficial spinal dorsal horn, which includes projections neurons 
in lamina I and interneurons in lamina II. By imposing a Cl- load, EGABA recorded in lamina I was 
more depolarized than in lamina II, indicating a weaker Cl- extrusion capacity in the former. 
Notably, we did not observe any difference when EGABA was measured under low chloride 
conditions (including by gramicidin-perforate patch clamp), suggesting that a Cl- load is required 
to detect apparently subtle differences. These data were replicated by performing Cl- imaging in 
MQAE-loaded spinal cord slices. Indeed, when synaptic activity was completely blocked, no 
interlaminar differences in Cl- concentration were detected in dorsal horn, conversely in presence 
of normal synaptic activity a clear gradient in Cl- concentration was observed. The gradient was 
further increased by enhancing synaptic activity with capsaicin. We confirmed that the lower Cl- 
extrusion capacity in lamina I neurons affects synaptic inhibition in an activity dependent 
manner by stimulating high frequency inhibitory activity. These experiments showed that under 
sustained inhibitory input, lamina I neurons accumulate Cl- faster than lamina II. Functional 
experiments were mirrored by immunohistochemical analysis of KCC2 expression which 
confirmed a lower level of KCC2 in lamina I under the control of TrkB receptor signaling. 
Following nerve injury, KCC2 expression strongly decreased in both laminae, but still KCC2 in 
lamina I was the lowest. Our computer simulation indicated that such a low KCC2 level in 
lamina I of nerve injured rats fails to maintain Cl- gradient when synaptic activity increases. 
Thus, constitutive differences of KCC2 activity has a strong impact on the efficiency of 
enhanced inhibition under both normal and pathological settings. 
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Abstract: Vanillin (4-hydroxy-3-methoxybenzaldehyde) belongs to the vanilloids and is widely 
used as an additive in food or cosmetic as a constituent of vanilla flavor. Recently, vanillin is 
reported to play a role in antioxidative events and antiaging. However, the effect of vanillin on 
age-related synaptic dysfunction is unknown so far. In this study, we investigated the chronic and 
acute effect of vanillin on the hippocampal Schaffer collateral - CA1 synapses using old 
C57BL/6J (52-weeks old). We randomly assigned the mice for the vanillin-supplemented group 
and the control group, and allowed them to access freely to tap water for control group and tap 
water including 0.17% vanillin for vanillin-supplemented group for 4 weeks, respectively. First, 
we recorded the field excitatory postsynaptic potential (fEPSP) slope of the vanillin-
supplemented mice. The slopes of fEPSPs of vanillin-supplemented group were significantly 
larger than those of control group. However, we could not find the difference in the paired-pulse 
ratio, the representative of the short-term plasticity, between these groups. Then, we checked the 
long-term synaptic plasticity by determining the long-term potentiation (LTP). The degree of 
LTP in vanillin-supplemented group was comparable with the control group. We tested the effect 
of vanillin supplementation with behavioral test. Morris water maze test and Y-maze test showed 
that there were no significant differences in spatial memory between these groups. Next, we 
tested the acute effect of vanillin for the synaptic transmission and plasticity as vanillin is 
reported to cross the blood-brain barrier. Bath application of vanillin (1 mM) increased the slope 
of fEPSPs. In the same way, the degree of LTP increased under vanillin perfusion. Moreover, we 
conducted the biological antioxidant potential (BAP) assay for evaluation of reduction capacity 
which restores the oxidative level elevated in old animals. However, the BAP level in vanillin-
supplemented group was comparable with that of control group. These results indicate that 
vanillin supplementation does not restore the age-related impairment of recognition or synaptic 
plasticity but it augments the synaptic transmission independently of reduction capacity. Our 
data about vanillin in this study is expected for improvement of neuronal function in the old 
animals in which the synaptic dysfunction progresses age-dependently. 
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Abstract: Acetyl-L-carnitine (ALCAR) is an acetyl moiety of carnitine. The concentration of 
ALCAR and carnitine declines with age in skeletal muscle, cerebral cortex and hippocampus. 
Recently, it is reported that external addition of ALCAR improves cognitive impairment in old 
animals. However, little is known about the effect of ALCAR on synaptic functions in aged 
animals. In this study, we investigated the effect of ALCAR on the hippocampal CA1 synapses 
using an animal model of aging called senescence-accelerated mouse prone 8 (SAMP8) which 
shows not only short life-span or rapid advancement of senescence but also age-related 
impairments of learning and memory. We obtained the hippocampal slices from the mice and 
evaluated the synaptic function by filed recordings. High-frequency stimulation (HFS) evoked 
long-term potentiation (LTP), which is a well-established form of synaptic plasticity, in the 
hippocampal synapses of 6 month-old SAMR1, whereas HFS induced smaller degree of LTP in 
the age-matched SAMP8 synapses. However, supplementation of ALCAR (0.5 g/kg/day) for 6 
weeks improved the degree of LTP in 6 month-old SAMP8 but not in SAMR1. As ALCAR is 
known to cross the blood-brain barrier and directly impinge on synapses, we examined the acute 
effect of ALCAR on LTP. Bath application of ALCAR (100 µM) did not affect the degree of 
LTP in 6 month-old SAMR1. On the contrary, acute application of ALCAR improved the 
impaired LTP of SAMP8 in a dose-dependent manner. We also investigated the effect of 
ALCAR with aged SAMR1, but acute application of ALCAR did not alter the degree of LTP in 
2 year-old SAMR1. Furthermore, to test if ALCAR restores the elevated oxidative stress level in 
SAMP8, we measured the level of reactive oxygen species using reactive oxygen metabolites 
assay, and reduction capacity using biological antioxidant potential assay. However, these 
indicators revealed that ALCAR could not restore the oxidative stress level elevating in SAMP8 
compared with SAMR1. These results indicate that chronic supplementation of ALCAR can 
improve the age-dependent impairment of long-term synaptic plasticity with the exception of the 
case of aged individuals, but this improvement does not require the amelioration of oxidative 
stress level. Although we need to study the pharmacokinetics of ALCAR in more detail, our data 
about ALCAR in this study is expected for prevention of age-related dysfunction of the brain 
including dementia. 
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Abstract: We used selective visual stimulation to examine enhancement in visual cortical 
response in adult mice with unilateral optic nerve crush (ONC). To investigate the role of 
inhibition in the experience-dependent potentiation of visual evoked response (VEP), we 
administered allopregnanolone (ALLO), a positive modulator of GABAA receptors. The left 
optic nerves were crushed in the ONC groups, and left intact in the Sham groups. ALLO (10 
mg/kg) or vehicle was injected 1 hour after ONC and then on post-injury days (dpi) 3, 8, 13, and 
18. VEP to pattern stimuli were recorded before ONC (Baseline, BL) and on dpi 2, 7, 12, 17, 22 
and 30. Visual spatial frequency was assessed on BL and then on dpi 2, 6, 11, 16, 21 and 29 in an 
optokinetic tracking system. To evaluate levels of VGlut2 and GABAAR delta subunit on dpi 30, 
the animals were euthanized and their brains processed for immunohistochemistry. Sham 
animals showed a gradual increase in responses to stimulation of the contralateral eye throughout 
the experiment (146±6.4% of BL; p<0.05). The amplitude of VEP ipsilateral to the ONC eye, 
induced from the contralateral, intact eye, in the ONC/Veh group was higher than in Sham 
animals (197±12.7% of BL; p<0.05). VEP amplitude increase was associated with up-regulation 
of VGlut2 (increased excitatory synaptic activity) and down-regulation of GABAAR delta 
(decreased tonic inhibition) in the left primary visual cortex, which contains projections from the 
intact eye. ALLO produced lasting inhibitory effects in ONC animals as shown by attenuation of 
VEP amplitudes on dpi 17, 22 and 30 (p<0.0001) as well as by down-regulated levels of VGlut2 
and up-regulated levels of GABAAR delta (p<0.05). In Sham animals ALLO did not affect 
either VEP amplitudes or VGlut2 and GABAAR delta levels, demonstrating that alterations in 



GABAAR-mediated inhibition exert greater effects in injury-induced than experience-dependent 
VEP potentiation alone. Unilateral ONC increased spatial frequency thresholds in the intact eye, 
and ALLO induced an even larger enhancement (p<0.0001). A regression analysis revealed a U-
shaped relationship between VEP amplitude and visual performance (R2 change for x2=0.100, 
p=0.001). These findings indicate that an optimal level of VEP potentiation is associated with 
higher visual performance in animals with unilateral ONC. Together, our data suggest potential 
clinical applications of ALLO for modulation of injury-induced, excessive and potentially 
maladaptive plasticity. 
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Abstract: Astrocytes play critical roles in brain development and function, but the mechanisms 
that regulate astrocyte proliferation are poorly understood. We report that astrocyte proliferation 
is bi-directionally regulated by neuronal activity via NMDA receptor (NMDAR) signaling in 
neurons. Using whole genome mRNA profiling, we found that a set of cell cycle-related genes 
were altered by prolonged treatment of hippocampal cultures with NMDAR antagonist AP5. 
These cell cycle-related genes were expressed in astrocytes rather than neurons. NMDAR 
inhibition suppressed astrocyte proliferation in vitro and in vivo, whereas evoked neuronal 
activity promoted astrocyte proliferation in an NMDAR-dependent manner. Additional 
mechanistic studies identified Prostaglandin-endoperoxide Synthase 2 as being critical for 
activity-regulated astrocyte proliferation. 
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Abstract: The lipoprotein receptors like Very Low Density Lipoprotein Receptor (VLDLR), and 
apolipoprotein E receptor 2 (ApoER2), that bind APOE have recently been recognized as pivotal 
components of the neuronal signaling machinery. In addition to being receptors for ApoE, 
VLDLR and ApoER2 also bind the signaling protein Reelin with high affinity. The Reelin 
signaling pathway is essential for not only controlling neuronal positioning during brain 
development, but also for maintaining synaptic plasticity and enhancing learning/memory in the 
adult brain. Inducible Degrader of the LDL-receptor (Idol) is an E3 ubiquitin ligase that regulates 
cellular cholesterol levels through binding and targeting LDLR for lysosomal degradation. Here 
we report that Idol is highly expressed in neurons throughout the central nervous system (e.g., 
hippocampus, neocortex and cerebellum) where it exerts a dominant role in determining 
endogenous neuronal VLDLR and ApoER2 expression level. Idol knockout mice have 
significantly higher neuronal VLDLR and ApoER2 levels. Interestingly, Idol knockout mice 
showed reduced hippocampal CA1 long-term potentiation (LTP) and enhanced long-term 
depression (LTD), with normal synaptic transmission (53% reduction in LTP and 16% 
enhancement in LTD). These phenomena are associated with impaired function of learning and 
memory, whereby mice lacking Idol have impaired spatial learning in the Morris water maze 
(longer escape latency), and reduced cued fear conditioning (lower % time of freezing). To 
investigate the role of Idol in experience-dependent plasticity in primary somatosensory cortex, 
we used longitudinal optical intrinsic signal (OIS) imaging to delineate single whisker response 
maps in barrel cortex. Two weeks after plucking all but one of the whiskers on the contralateral 
snout, we found an 89 % increase in the size of the spared whisker map in young adult wild type 
mice. In contrast, Idol KO mice did not show an expanded map for the spared whisker. These 
findings demonstrated how Idol can regulate neuronal lipoprotein receptor expression and plays 
an important role in synaptic function, cortical plasticity, learning and memory and behavior. 
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Abstract: The threshold for Hebbian synaptic plasticity is modulated by prior patterns of 
activity. Endocannabinoid (eCB) signaling has been postulated to play a role in this process, but 
it is not well understood how prior activity engages this retrograde signaling mechanism. Here, 
we investigate a role for the innate immune receptor Paired Immunoglobulin-like Receptor B 
(PirB) in regulating use-dependent changes in LTP and LTD at CA3 to CA1 hippocampal 
synapses. PirB is expressed in forebrain pyramidal neurons, including hippocampus. Conditional 
excision of PirB (cKO) in excitatory neurons of CA3 and CA1 at P90 results in loss of 
synaptically induced LTD over a wide range of LTD-induction frequencies. LTP is also 
increased over 2 fold in cKO vs. WT at 90 min post-induction. Concomitant with the shift from 
LTD towards greater LTP, neurotransmitter release is also increased in cKO mice, as signaled by 
a change in paired-pulse ratio. Endocannabinoids are known to regulate neurotransmitter release 
via cannabinoid receptor type 1 (CB1R) located presynaptically; this regulation is use-dependent 
and modulates synaptic plasticity. In WT, blockade of CB1R with AM251 abolishes synaptically 
induced LTD, and also results in an enhanced LTP, thus phenocopying synaptic plasticity 
changes present in PirB cKO. Moreover, blockade of CB1R in cKO does not further increase the 
magnitude of LTP, consistent with PirB acting in the CB1R pathway. In addition to CB1R, group 
I mGluRs and NMDARs are all thought to be engaged in eCB-dependent signaling at adult CA3 
- CA1 synapses during synaptically induced LTD. We found that NMDAR-dependent LTD 
induced by brief application of NMDA was also abolished in PirB cKO, while CB1R- and group 
I mGluR-dependent chemical LTDs were intact. Together, results suggest that PirB in 



hippocampal pyramidal neurons contributes to an NMDA-dependent mechanism of 
endocannabinoid signaling, enabling the synapse to function across a wide range of stimulus 
intensities. We suggest that PirB is a part of an on-demand signaling network that dynamically 
regulates the threshold for Hebbian synaptic plasticity by adjusting neurotransmitter release 
according to prior activity. 
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Abstract: Long-term potentiation/long-term depression (LTP/LTD), inferred from analysis on 
the animal brain or slices, are considered the cellular processes underlying learning and memory 
formation. They have not so far been demonstrated in human brain or neurons and there are no 
model systems to assess long-term synaptic plasticity of human neurons. By expressing the light-
gated cation channel, channelrhodopsin (ChR2) in human embryonic stem cell-derived cortical 
glutamate neurons and co-culturing them with GABA neurons, we examined synaptic plasticity 
in response to different regimens of stimulations. High frequency light stimulation of ChR2-
expressing glutamatergic neurons increased the frequency of mEPSCs recorded in non ChR2-
expressing GABA neurons, indicating a facilitating action at the presynaptic terminals. When 
paired with post-synaptic depolarization, it significantly increased the amplitude of light-evoked 
EPSC which persisted during the period, indicating LTP. In contrast, low frequency light 
stimulation without the pairing protocol induced LTD. These effects were blocked by NMDA 
receptor antagonists, suggesting that the LTP/LTD induced in human neurons are NMDA 
receptor dependent. Our results indicate a similar human neural plasticity. Our co-culture system 
may be a useful model for assessing human neural plasticity in a dish. 
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Abstract: Low doses of galactic cosmic radiation (GCR), containing high atomic number and 
high energy (HZE) particles, have been measured and are expected during long-duration deep 
space missions. While research has attempted to characterize the immediate and short-term 
effects of GCR insults to the central nervous system, little is known about chronic, long-term 
sequelae which may impact cognitive function over time. In particular, given the predisposition 
of the hippocampus to GCR, we hypothesized that there could be chronic alterations in 
hippocampal adult neurogenesis, synaptic plasticity, and hippocampus-dependent learning and 
memory in mice following exposure to simulated GCR. 
Young adult (3 month old) male and female mice received whole-body particle radiation from a 
28Si (300 MeV/u, 70 keV/µm) or 56Fe (600 MeV/u, 180 keV/µm) source totaling 10, 50, or 100 
centiGray [cGy], using the particle beam line facilities at the National Space Radiation 
Laboratory of Brookhaven National Laboratory, and sham irradiated mice served as controls. 
Effects of GCR 6-7, 12, and 20 months post 28Si and 56Fe exposure on synaptic plasticity were 
assessed by measuring the magnitude of theta-burst stimulus-induced or chemical cAMP-
induced long-term potentiation (LTP) of synaptic transmission at Schaffer collateral-CA1 
synapses in hippocampal slices in vitro. 
Six, twelve, and twenty months post 56Fe exposure, the magnitudes of stimulus-evoked and 
chemical LTP were both markedly larger in amplitude (P < 0.05, ANOVA). Consistent with 
these data, separate cohorts of 56Fe-exposed mice examined 6, 12 and 20 months post-exposure 
exhibited faster learning acquisition in both Barnes maze and active avoidance shock platform, 
both hippocampus-dependent spatial memory tasks (P < 0.05, repeated-measures ANOVA). In 
contrast, stimulus-evoked, but not cAMP-induced, LTP in hippocampal slices from both male 
and female mice 7 months post 28Si exposure was significantly smaller than sham-irradiated 
controls (P < 0.05, ANOVA). These reductions were associated with slower memory acquisition 
in female, but not male mice, compared to sham-irradiated controls 7 months post 28Si, while 



learning acquisition was faster 20 months post 28Si (P < 0.05, repeated-measures ANOVA). Our 
data reveal differences in long-term cognitive effects of GCR depending upon the species of ion 
exposure. As advancements in technology allow for more long-term, farther reaching space 
explorations such as the proposed Mars swing-by, it becomes increasingly important to 
understand the long-term consequences of GCR exposure to critical brain functions such as 
learning, memory, cognition, and mood. 

Disclosures:  O. Miry: None. K.R. Gopaul: None. L.R. Vose: None. G. Subah: None. X. 
Zhang: None. P.K. Stanton: None. 

Poster 

686. Mechanisms of Synaptic and Neuronal Plasticity 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 686.10/H7 

Topic: B.08. Synaptic Plasticity 

Support: IBS-R001-D1 

 DA 020087 

Title: LARGE play a key role in hippocampus-dependent long-term memory formation by 
tuning synaptic targeting of AMPA receptors 

Authors: *M.-G. KANG1, B. SEO2, T. CHO2, D. Z. LEE3, B. Y. LEE2, S.-W. KIM2, K. A. 
CUNNINGHAM4, K. T. DINELEY4, T. A. GREEN4, J.-C. BÉÏQUE5, H.-S. SHIN2;  
1Inst. For Basic Sci. (IBS), KAIST, Daejeon, Korea, Republic of; 2Ctr. for Cognition and 
Sociality, Inst. for Basic Sci., Daejeon, Korea, Republic of; 3Dept. of Neurosci. and Cell Biol., 
4Ctr. for Addiction Res., Univ. of Texas Med. Br., Galveston, TX; 5Dept. of Cell. and Mol. Med., 
Univ. of Ottawa, Ottawa, ON, Canada 

Abstract: Mutations in the human Large gene result in severe intellectual disability as well as 
muscular dystrophy. How Large mutations lead to intellectual disability, however, is not clear. 
To address this question, we knocked Large gene down in the hippocampi of mice followed with 
behavioral and electrophysiological analyses in vivo. A series of learning and memory tests 
demonstrated that hippocampus-dependent long-term memory formation is impaired in the 
LARGE knockdown mice. However, their hippocampus-dependent short-term memory was 
intact. In the LARGE knockdown mouse, hippocampal long-term potentiation (LTP) was 
occluded due to the saturation of synaptic α-amino-3-hydroxy-5-methyl-4-isoxazole propionate 
receptors (AMPA-Rs). Consistently, our miniature excitatory postsynaptic current (mEPSC) 



analyses demonstrated that LARGE downregulates synaptic targeting of the AMPA-Rs. 
Together, LARGE play a key role in hippocampus-dependent long-term memory formation by 
tuning synaptic targeting of AMPA-Rs in the hippocampus. Our study provides novel insights 
into the pathophysiology of intellectual disabilities in patients with muscular dystrophy. 
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Abstract: Early-life seizures are frequent and associated with cognitive and psychiatric 
impairments later in life. We hypothesized that these behaviorally subtle dysfunctions could 
manifest as connectivity alterations between hippocampal CA1 and prefrontal cortex (PFC) since 
they are pathologically involved in the psychiatric comorbidities of adult limbic epilepsy. Thus, 
we induced a two-hour status epilepticus (SE) through lithium-pilocarpine in P12 rats. Once 
adults, they were tested for spatial working memory (radial arm maze), exploratory behavior 
(open field), and sensorimotor gating (prepulse inhibition of the acoustic startle, PPI). They were 
finally submitted to an acute electrophysiological session, with PFC field responses being 
recorded upon electrical pulses into CA1, both before (30 min) and after (240 min) CA1 high-
frequency stimulation (HFS). Our results show that SE rats had worse radial arm maze 
performance, hyperlocomotion on the open field, PPI deficits, and an interestingly stronger long-
term potentiation after HFS. Of note, no spontaneous seizures occurred throughout the 
experiment, and no changes in neuronal density were detected with NeuN 
immunohistochemistry. In a second experiment, adult rats with early-life SE were chronically 
implanted with microwire bundles into CA1 and PFC for the recording of local field potentials 



and single-unit activity during a 24 h free-behavior session. Neurophysiological states were 
separated into active awake, resting awake, slow wave sleep and rapid eye movement sleep 
based on electromyogram and hippocampal theta power (4-8 Hz). Ongoing analyses compare SE 
and controls according to the sleep architecture, as well as hippocampal-prefrontal spectral 
density/coherence and cross-frequency coupling. We expect these analyses to detail the plasticity 
scenario outlined in the first experiment, which: (1) indicates long lasting CA1-PFC alterations 
independent of neuronal loss or recurrent seizures, and therefore (2) reveals unapparent 
neurophysiological dysfunctions in adult rats with early-life SE. 
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Abstract: NFkB is a transcription factor whose activation has been shown to be necessary for 
long-term memory consolidation in several species. NFkB is activated in the nucleus of cells in a 
specific temporal window during consolidation. Previous results showed that the transcription 
factor is also present at the synapse and is activated during consolidation at different time points 
than in the nucleus . Our work focuses on the mouse inhibitory avoidance learning paradigm. In 



this paradigm mice are placed on an illuminated platform with an entrance to a dark 
compartment; the experimental group receives an electric shock when entering the dark 
compartment. Delay on entering the compartment is evaluated 48hrs later. The behavioral 
control group consists of mice who experience the same context as the experimental group but 
do not receive an electric shock; 48hrs later this group of mice do not show a delay to enter the 
compartment. Nonetheless when analyzing the activation of NFkB we found that this group of 
mice has elevated activation when comparing to naïve. Furthermore, animals who receive a 
shock without being exposed to the platform show no delay in entering the dark compartment 
48hrs post training and no activation of NFkB. We argue that the mice who don’t receive the 
shock might perceive it as a relief (an appetitive learning situation), where they associate the 
context with a safe place and that this information may not be discriminated by the hippocampus. 
This appetitive memory can be impaired with an NFkB inhibitor (Sulfasalazine) injected directly 
into the hippocampus. Moreover we explore the role of the amygdala in this paradigm for both 
the appetitive and aversive situations. This work aims to discuss these results and further 
investigate how appetitive and aversive memories are consolidated. 
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Abstract: Repeated pairing of a movement or a sensory event with vagus nerve stimulation 
(VNS) can reorganize cortical maps. Repeatedly pairing a tone with a brief period of VNS 
increases the proportion of primary auditory cortex (A1) responding to the paired tone (Engineer 
et al., 2011). We predicted that in addition to A1, VNS would reorganize posterior auditory field 
(PAF), anterior auditory field (AAF), and inferior colliculus (IC). Microelectrode maps were 
constructed from ten rats that had received VNS stimulation paired with a tone 300 times per day 
for 20 days, and 10 experimentally naïve control rats. In rats that received VNS tone pairing, a 



significantly greater number of cortical neurons were tuned to frequencies near the paired tone 
frequency in A1, PAF, and IC compared to control rats. VNS paired rats had significantly fewer 
neurons tuned to the same range in AAF. This is the first study to show that VNS directed 
plasticity differentially alters different auditory cortex fields. 
N.D. Engineer, J.R. Riley, J.D. Seale, W.A. Vrana, J.A. Shetake, S.P. Sudanagunta, M.S. 
Borland, M.P. Kilgard. Reversing Pathological Neural Activity Using Targeted Plasticity. 
Nature, 2011. 
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Abstract: Dystonia is a hyperkinetic movement disorder and is characterized by sustained or 
intermittent muscle contractions that cause abnormal movements or postures. Patients with 
dystonia are subject to atypical neuronal functions in the brain, in the absence of 
neurodegeneration. Thus, it is generally thought that one of the main pathophysiological causes 
is abnormal synaptic transmission. However, it remains unclear whether dystonia is associated 
with an imbalance between excitatory glutamatergic and inhibitory GABAergic neurotransmitter 
systems. Here we report on a study testing whether the numbers of these synapses are affected in 
the context of dystonia. Specifically, we prepared primary cultures of hippocampal neurons from 
a knock-in mouse model of DYT1 dystonia, the most common form of inherited dystonia. The 
data obtained from heterozygous neurons were compared with those from wild-type 
counterparts. We evaluated the numbers of morphologically identified synapses on dendrites by 



immunocytochemistry, using the glutamatergic presynaptic marker vesicular glutamate 
transporter 1 (VGLUT1), the GABAergic presynaptic marker vesicular GABA transporter 
(VGAT), and the dendritic marker microtubule-associated protein 2 (MAP2). We also evaluated 
the synapses for functionality by labeling nerve terminals with a marker of recycling synaptic 
vesicles (FM1-43). The non-recycling (non-functional) synapses are defined as presynaptically 
silent, and the fraction of them among the morphologically identified synapses (both functional 
and non-functional) has been shown to change in response to changes in neuronal network 
activity, in the hippocampus and cerebral cortex of wild-type animals. Comparison of the mutant 
neurons to wild-type controls revealed no difference in the numbers of morphologically 
identified glutamatergic or GABAergic synapses, or in the ratios of glutamatergic vs. 
GABAergic synapses in each imaged field. Moreover, the fractions of presynaptically silent 
synapses did not differ, for either glutamatergic or GABAergic systems. Our results demonstrate 
a lack of change in the fundamental parameters that define the balance between synaptic 
excitation and inhibition. They further indicate that potential changes in neuronal network 
activity might not be strong enough to induce plastic changes in presynaptically silent synapses, 
at least under our experimental conditions. 
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Abstract: MyosinVa (MyoVA), is a widely distributed vesicular-cargo-binding actin motor 
known to deliver the major scaffold complex for glutamate receptors to spine synapses. In Flailer 
(Flr) mutant mice the cargo-binding domain of myo5a is driven by the brain specific promoter of 
gnb5 (Jones et al 2000). When this truncated myo5a is expressed in 1:1 ratio reproducible 
abnormal behaviors are seen (eg; early seizure, anxiety, repetitive whole body grooming 
(Pandian et al in prep). In visual cortex neurons these mice have abnormally high AMPAR 



miniature current frequencies and their eAMPA/eNMDA ratio is significantly larger than in WT 
strain. Flr shows no LTD at the layer 4 to layer 2/3 synapses although LTP is normal (Yoshii et 
al 2013). In developing rodent dorsal lateral geniculate nucleus (dLGN) the ipsilateral input 
arrives later than the contralateral input (Godement et al., 1984) and there is a competition 
between the left and right eye axons (Huberman et al., 2008). We hypothesized that if the 
retinogeniculate pathway also lacked LTD the ipsilateral territory might be unable to terminate in 
its normal region because the earlier innervating projections could not undergo LTD. Here we 
report that when both eyes of Flr pups are differentially labeled with CTB (555, 647) they show 
abnormally small and displaced ipsilateral zone while the contralateral projection occupies a 
larger territory. Monocular enucleation before eye-specific segregation in Flr causes the 
contralateral projection to spread throughout the dLGN with lowest density of input in region 
normally occupied by the ipsilateral eye. The ipsilateral projection is abnormally large with a 
shift towards the medial side of the nucleus. The results are consistant with our results that 
NMDAR LTD is also defective in the LGN of Flr and prevents displacement of early 
contralateral inputs by the later arriving axons. 
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Abstract: The arrangement and combination of ion channels and proteins comprising the axon 
initial segment (AIS) define the capacity of a neuron to integrate synaptic input, set action 
potential threshold, and generate specific patterns and rates of firing. Research has shown that 
chronic depolarization or deprivation of synaptic input to neurons can lead to physical relocation 
or rearrangement of the AIS. This plasticity is thought to act as a homeostatic response to 
regulate overall neural excitability. Importantly, neurons in more physiological conditions 
experience less extreme changes to their synaptic input, and it is largely unknown if a similar 
plasticity occurs in response to functional changes in activity. In this study we examine how the 
AIS regulates excitability and firing patterns, and inspect how the AIS is modified by functional 
changes in action potential output. 



Quantifying neurons across a spectrum of neural activity has posed a major technical challenge 
to neuroscientists. Here, we have developed a system utilizing the recently developed 
genetically-encoded calcium integrator, CaMPARI. This indicator undergoes a permanent shift 
from green to red fluorescent emission only during the simultaneous presence of 405 nm light 
and neural activity, and stands as a permanent, ratiometric marker of neural activity. Exposing 
primary neurons, transfected with CaMPARI, to flashes of 405 light in culture allows us to 
characterize the activity levels of individual neurons. Using this system, we explore how the 
molecular profile of the AIS is modified under physiological conditions, and whether individual 
neurons undergo activity-dependent changes to regulate their intrinsic excitability. 
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Abstract: Prefrontal circuits process input from the internal and external world and use these 
inputs to guide decision-making and subsequent goal-directed behavior. The ability of the medial 
prefrontal cortex (mPFC) to flexibly guide appropriate behaviors, including updating 
expectations of reward and punishment, is highly sensitive to neuromodulators such as 
dopamine. Therefore, cellular expression of dopamine receptors on prefrontal projection neurons 
will affect how dopamine can act on the prefrontal network and therefore regulate downstream 
behaviors. 
Dopamine acts in part to regulate the activity of mPFC layer 5 (L5) principal cells via D1-family 
(D1/D5) or D2-family (D2/D3/D4) receptors. Recent work indicates that D1- and D2-receptors 
(D1R/D2R) are expressed in largely separate subclasses of L5 pyramidal cell and that these 
subclasses have unique electrophysiological features and projection patterns, and are modulated 
by dopamine via distinct mechanisms (Gee et al., 2012; Seong and Carter, 2012). How other 



dopamine receptor classes are distributed in mPFC is unknown. 
Here, we demonstrate that D3R-expressing (D3+) pyramidal neurons are electrophysiologically 
distinct from D1+ and D2+ neurons, and therefore likely represent a separate cell subclass. 
Further experiments reveal that though both D2R and D3R are of the same family, and are both 
Gi-coupled, they can have distinct roles in mPFC. First, D3Rs, but not D2Rs, act to regulate 
neuronal excitability by modulating calcium channels at the axon initial segment. Second, D3+ 
pyramidal neurons project intracortically, in contrast to the subcortically-projecting D2+ neurons 
(Gee et al., 2012). Thus, antipsychotic compounds with strong affinity for D2-family receptors 
may regulate intracortical networks via actions at the D3R. 
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Abstract: Neurons and circuits are subject to significant changes in their firing activity and 
responsiveness to external inputs via neuromodulation (Marder, 2012). Many nervous system 
functions depend on reliable neuromodulation, yet the physiological properties of neurons that 
are targeted by neuromodulators are often highly variable (Grashow et al., 2009 ; Marder et al., 
2014). In this work, we use conductance-based neuron models to investigate the mechanisms by 
which reliable neuromodulation can occur in populations of neurons with highly variable 
conductance densities. We describe how variability in neuron intrinsic properties can be 
classified into two types: variability in neuron passive properties vs active properties. 
Neuromodulation or any pharmacological manipulation that would directly affect ion channels in 
neurons exhibiting both these variability types is likely to be unreliable. However, we show that 



a simple mechanism involving feedback interactions between the modulator receptor, a second-
messenger signal and ion channel densities ensures reliability of neuromodulation even in very 
heterogenous populations. The ingredients for these mechanism are found in most metabotropic 
receptor signaling cascades. 
References Grashow R, Brookings T, Marder E (2009) Reliable neuromodulation from circuits 
with variable underlying structure. Proc Natl Acad Sci U S A. 106:11742-6.  
Marder E (2012) Neuromodulation of neuronal circuits: back to the future. Neuron. 76:1-11.  
Marder E, O'Leary T, Shruti S (2014) Neuromodulation of circuits with variable parameters: 
single neurons and small circuits reveal principles of state-dependent and robust 
neuromodulation. Annu Rev Neurosci. 37:329-46. 
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Title: Synaptic and intrinsic mechanism of CB2R mediated reduction of VTA DA neuronal 
excitability 
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Abstract: We have recently reported that activation of cannabinoid type 2 receptors (CB2Rs) 
reduced dopamine (DA) neuron excitability in the mouse ventral tegmental area (VTA). Here, 
we elucidated the underlying mechanisms. Using cell-attached recording in VTA slices, bath-
application of a CB2R agonist (JWH133) inhibited VTA DA neuron firing in a concentration-



dependent manner. In addition to JWH133, five other CB2R agonists exhibited similar inhibition. 
Under the patch-clamp whole-cell recording model, JWH133 (10 µM) inhibited miniature 
excitatory postsynaptic currents (mEPSCs) but not miniature inhibitory postsynaptic currents 
(mIPSCs). However, JWH133 did not inhibit evoked EPSCs or IPSCs. In freshly dissociated 
VTA DA neurons, JWH133 reduced the action potential (AP) firing rate, delayed AP initiation 
and enhanced AP after-hyperpolarization. In voltage-clamp recordings, M-type K+ currents were 
enhanced by JWH133. This effect was absent in CB2

-/- mice and abolished by co-administration 
of a selective CB2R antagonist (AM630). In addition, CB2R-mediated inhibition in VTA DA 
neuron firing can be mimicked by a M-curren t opener and blocked by a M-current blocker. 
Finally, CB2R-cAMP signaling plays a role in modulating DA neuron excitability since 
enhancement of cAMP by forskolin reduced M-current and increased DA neuron firing. These 
results suggest that CB2Rs modulate VTA DA neuron excitability through both synaptic and 
intrinsic mechanisms, including a reduction in mEPSCs and enhancement of M-currents. 
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Abstract: Intrinsic properties of neurons determine the integration of inputs from the dendrites 
to the soma and ultimately the output pattern of the neuron, thus understanding these properties 
is integral to understanding the function of neuronal circuits. Unfortunately, the most reliable 
methods of single-cell recordings used to measure these properties requires mimicry of the 



internal composition of the cell, where physiological conditions are near impossible to 
reproduce. Previous work in hippocampal CA1 pyramidal cells (Kaczorowski et al. 2007: J 
Physiol 578: 799) examined the effects of recording stability and slow afterhyperpolarization 
(sAHP) plasticity with internal solutions containing either Kmethylsulfate (Kmeth) or 
Kgluconate (Kgluc). We used solutions based on these two anions to investigate differences in 
action potential firing in a subset of layer 5 pyramidal neurons in brain slices from the 
somatosensory and motor cortex of 4-8 wk old mice expressing Etv1-EGFP. Experiments were 
also conducted in the perforated-patch (Perf) configuration using gramicidin to gain access to the 
internal compartment while maintaining physiological internal solution integrity. We compared 
resting potential, input resistance, impedance from chirp responses, action potential and 
afterpolarization parameters (fAHP, mAHP, sAHP & fADP), as well as repetitive firing 
responses (including spike frequency adaptation) to DC current steps as well as fluctuating 
current steps with all three internals. Subthreshold properties and firing responses recorded with 
the Kgluc or Perf internal did not differ significantly whereas responses recorded with KMeth 
showed significant differences in afterpolarization wave forms and dramatic differences in firing 
(decreased steady firing rates and, and marked increase in spike frequency adaptation as well as 
depolarization block). During prolonged recordings (>30 min) in KMeth, the firing responses 
became more similar to what was observed when recording with KGluc or Perf internals. 
Interestingly, firing responses recorded in a different type of layer 5 pyramidal neuron that lacks 
a sAHP (Thy1-yfp-h) were similar with each of the recording conditions. 
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Title: Serotonin modulates the intrinsic electrophysiological properties of locus coeruleus 
neurons 
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Abstract: The Locus Coeruleus (LC) contains about 50% of all noradrenergic neurons of the 
brain. Since these neurons have extensive projections throughout the CNS, the LC has been 
associated with the control of many different behavioral and cognitive functions such as arousal, 
stress, attention and memory processes (J. Psychopharmacol., 2013, 27(8):659-93). As an 
important prerequisite to unravel the physiological role of the LC, it is crucial to understand the 
intrinsic electrophysiological properties of the LC neurons. In previous work, certain 
electrophysiological properties of these neurons have been characterized. However, since the 
experiments have been performed in various organisms using different recording techniques the 
current data might not be quite comparable. Here we used perforated patch-clamp recordings, 
which do not disturb intracellular signaling, to comprehensively characterize LC neurons 
intrinsic electrophysiological properties in mice. Overall we found a homogeneous population of 
neurons with similar intrinsic electrophysiological properties including input resistance, 
excitability and action potential waveform. All LC neurons generated very regular pacemaker-
like activity. Synaptic isolation did not disrupt pacemaking but significantly increased the action 
potential frequency in all experiments. All recorded neurons showed delayed excitation after 
hyperpolarization and prolonged hyperpolarization after sustained excitation. 
In rodents the LC receives serotonergic projections from the dorsal raphe nucleus and LC 
neurons are inhibited by serotonin application. The physiological relevance of this connection is 
still not fully understood, hence we tested the effect of serotonin on the electrophysiological 
properties of LC neurons. Here we found that LC neurons in mice showed a complex response to 
serotonin. On the one hand serotonin caused a concentration dependent hyperpolarization 
accompanied by a reduction in action potential frequency, and a decrease in cell input resistance. 
On the other hand, the excitability in presence of serotonin was drastically increased. Together 
this might improve the signal to noise ratio in the LC, sharpening the noradrenergic signaling 
deriving from LC neurons. Our results confirm that serotonin modulates LC neurons, but also 
suggest that the modulatory effects are more complex than previously thought. 
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repetitive firing in cerebellar Purkinje neurons and impairs balance and motor coordination 

Authors: *J. L. RANSDELL1, W.-L. LO2, P. M. ALLEN2, J. M. NERBONNE1;  
1Departments of Developmental Biol. and Med., 2Dept. of Pathology and Immunol., Washington 
Univ., Saint Louis, MO 

Abstract: The resurgent component of the voltage-gated sodium (Nav) current, INaR, provides a 
depolarizing drive during the repolarization phase of action potentials and is thought to be vital 
in sustaining high rates of firing in many types of mammalian neurons. Previous work has linked 
the generation of INaR to the expression of the sodium channel beta four (Navβ4) auxiliary 
subunit. We used an Navβ4 ‘knockout’ (Scn4b-/-) mouse, as well as shRNA mediated acute 
‘knockdown’ of Scn4b, to determine the effects of altered Scn4b expression on sodium currents 
in Purkinje neurons, as well as on the repetitive firing properties of these cells. In current-clamp 
experiments, we found that adult (6-8 week old) Scn4b-/- Purkinje neurons have reduced (p<.01) 
spontaneous and evoked firing rates. Acute knockdown of Scn4b in adult Purkinje neurons in 
vivo caused similar defects in high frequency firing. To determine if the defects in Purkinje 
neuron excitability impact motor performance, we used the elevated balance beam test. Here, 
animals were first trained to cross a narrow beam into an enclosed box and, following the 
training, the time it took to cross the beam and the number of foot slips along the way were 
measured to assess motor coordination and balance. These experiments revealed that adult 
Scn4b-/- animals have significant (P<.05) motor defects when compared to age matched WT 
animals. We used dynamic clamp to artificially insert INaR in mature Scn4b-/- Purkinje neurons 
and found that adding INaR increased spontaneous and evoked firing rates. Because of space-
clamp limitations, we could not measure the magnitude of INaR in adult Purkinje neurons directly. 
We, therefore, measured INaR from Purkinje neurons acutely dissociated from postnatal day 12-
18 (P12-P18) Scn4b-/- and WT animals. We found that INaR is significantly (p<.05) lower in P12-
P18 Scn4b-/- Purkinje neurons, compared with WT Purkinje neurons. These voltage-clamp 
experiments also revealed that the peak transient sodium current density is significantly (p<.05) 
larger in P12-P18 Scn4b-/- Purkinje neurons than in WT Purkinje neurons. Interestingly, and in 
contrast to the attenuation in firing rate found in adult Purkinje neurons lacking Scn4b, repetitive 
firing rates in P14-P15 Scn4b-/- and WT Purkinje neurons were indistinguishable. Experiments 
are under way to determine the developmental expression of sodium channel alpha and beta 
subunits which may contribute to the observed age-dependent differences in the functional 
impact of the loss of Scn4b in cerebellar Purkinje neurons. 
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Abstract: Myelination of axons by glial cells is fundamental to the rapid conduction of action 
potentials (APs), providing reliable and long-range signaling in the nervous system. The 
electrical characterization of the myelinated axon was established in the first half of the 20th 
century, wherein multiple layers of myelin membrane tightly wrap axons between nodes of 
Ranvier to create a high-resistance axo-myelin membrane combination. In this paradigm most 
internodal current flow is restricted to the axon core, allowing little current to leak along the 
internode. While some experimental studies suggest the internode is leakier than previously 
thought, specific membrane properties of the axo-myelin circuit for central nervous system axons 
remain to be identified. Here, we made multi-site whole-cell recordings of myelinated axons of 
large layer 5 pyramidal neurons in the somatosensory cortex and examined the properties of 
passive voltage attenuation between the soma and axon cut ends (up to ~800 µm distance). 
Together with the morphology of recorded cells we developed cable models in which the specific 
axon and myelin membrane parameters were constrained to the experimentally recorded voltage 
responses. Results show that the optimized axo-myelin transverse resistance is much lower than 
expected according to the classic studies (21 kΩ cm2; n = 6 axon models). Furthermore, based on 
the myelin ultrastructure identified with electron microscopy of the same recorded cells, we 
found a low specific resistance per myelin membrane (on average 7.85 kΩ cm2, range: 1.59-17.7 
kΩ cm2, n = 4). The optimized cable models of myelinated axons further predicted a slower rise 
time of fast AP-like potentials within internodes relative to adjacent nodes of Ranvier. To test 
this experimentally, we made high-temporal resolution voltage-calibrated optical recordings of 
the axolemma in nodal and internodal regions. The results confirmed that nodal AP waveforms 
are threefold faster than those at preceding or proceeding internodes (12 nodes of 7 axons, P < 
0.003). Taken together, these preliminary data indicate that transverse axo-myelin resistance is 
lower than expected according to classic electrophysiological studies of the myelinated axon. 
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Abstract: Synaptic plasticity has long been considered to be the fundamental mechanism 
underlying learning. Recently, however, changes in the intrinsic excitability of neurons in 
response to behavioral and electrophysiological stimuli have been identified as an important 
complementary process. In cerebellar Purkinje cells, intrinsic plasticity has been shown to be 
dependent on the activity of calcium-regulated potassium (SK) channels; additionally, in the 
hippocampus, signaling through muscarinic acetylcholine receptors (mAChRs) has been 
confirmed to be a regulator of SK channels. In order to identify the role of intrinsic excitability in 
the cerebellum, and to determine whether cholinergic signaling might have a similar function in 
modulating this effect, cerebellar slices were prepared from adult (P21-42) mice, and whole-cell 
patch-clamp recordings were performed from Purkinje cells in the vermis of the vestibular 
cerebellum (lobules IX/X), which contains a high concentration of mAChRs. We show that 
evoked spike activity is significantly increased following an induction protocol involving either 
somatic depolarization (SD; spike count increased to 159.3 ± 11.5% relative to baseline; n=9; p < 
0.05) or a burst of parallel fiber synaptic input (Syn; 137.4 ± 11.6%; n=11; p < 0.05). While bath 
application of mAChR agonist oxotremorine-m in the absence of an induction protocol was also 
sufficient to increase Purkinje cell firing rate relative to the control (oxo-m; 115.3 ± 6.9%; n=7; p 
< 0.05), the effect was not as strong as either induction protocol on it’s own. However oxo-m 
application significantly enhanced the response to the synaptic protocol (Syn+oxo-m; 172.1 ± 
14.8%; n=6; p < 0.05), suggesting that mAChRs may have a function in modulating Purkinje cell 
excitability following synaptic input in the cerebellum. Taken together, these data indicate that 
intrinsic plasticity may play a role in cerebellar learning, and that cholinergic signaling may 
contribute to this mechanism. 
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Abstract: It has been shown that stimulation of the ponto-medullary junction, where 
serotonergic neurons originate, produces locomotion in the isolated neonatal rat brainstem-spinal 
cord preparation. 5-HT neurons in this region play an essential role in generating locomotion. 
However, the intrinsic membrane properties of these neurons remain unclear. Using ePet-EYFP 
mice in which EYFP was expressed in 5-HT neurons we were able to perform whole cell patch-
clamp recordings on EYFP+ neurons of brainstem slices (PND 1 - PND 15). 5-HT neurons in 
medulla could be classified into three types: single (type 1), phasic (type 2) and tonic (type 3) 
firing based on their response to depolarization of step currents. Of 119 serotonergic neurons 
recorded from the parapyramidal region (PPR), 13% of the neurons were type 1, 9% type 2 and 
78% type 3, whereas in total of 67 serotonergic neurons of the midline raphe nuclei (MRN), 18% 
were type 1, 6% type 2 and 76% type 3. Membrane properties measuring from 5-HT neurons in 
PPR (n=119) and MRN (n=67) included resting membrane potential (PPR -63.3±6 mV; MRN -
65.9±6 mV), input resistance (PPR 1150.3±618 MΩ; MRN 1312.4±712 MΩ), membrane time 
constant (PPR 41.5±19 ms; MRN 47.5±23 ms), rheobase (PPR 30.1±23 pA; MRN 31.7±25 pA), 
voltage threshold (PPR -32.9±7 mV; MRN -32.6±8 mV), action potential height (PPR 38.8±9 
mV; MRN 39.9±10 mV) and afterhyperpolarization depth (PPR 19.8±8 mV; MRN 21.1±10 
mV). Except for resting membrane potential no significant difference was shown in the 
properties between the PPR and MRN 5-HT neurons. Fluorescent dying (2% cascade blue) was 
added into the electrodes to label the cells for morphological analysis. 5-HT neurons could be 
divided into oval and stellate categories according to somatic shapes or bipolar and multipolar 
groups based on the number of stem dendrites. Despite different from morphology 5-HT neurons 
were not substantially different in either membrane properties or morphological parameters 
(somatic diameter and spherical area). Hyperpolarization-activated inward current and persistent 



inward current were found in both PPR and MRN 5-HT neurons. And furthermore, the 
tetrodotoxin and dihydropyridine resistant persistent inward current (TDr-PIC) was also 
expressed in these neurons. Bath application of 10-20 µM 5-HT enhanced the TDr-PIC or lowed 
the voltage or current threshold for eliciting plateau potential induced by TDr-PIC. Some 
neurons exhibited membrane oscillation or bursting which could be facilitated by ACh (10-30 
µM). NMDA (10-30 µM) depolarized 5-HT neurons while ACh caused varying effects on them. 
This study provides insight into intrinsic properties of 5-HT neurons in the medulla of ePet-
EYFP mice. 
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Abstract: Dopamine neurons in the substantia nigra pars compacta (SNc) are slow pacemakers 
that generate spontaneous action potentials (APs) regularly. Although spontaneous action 
potentials are essential for maintenance of background dopamine levels and proper functioning 
of basal ganglia, it is not clear which channels are responsible for pacemaking and determine 
basal firing rate in the SNc dopamine neurons. In this study, we report that TRPC3 channels 
drive pacemaking and regulate basal firing rate via type 1 metabotropic glutamate receptors 
(mGluR1) in the SNc dopamine neurons. Specific TRPC3 channel blockers, pyr10 and pyr3, 
stopped spontaneous firing and Ca2+ oscillations in dopamine neurons. However, spontaneous 
firing was conserved in dopamine neurons of TRPC3 knockout (KO) mice and there was no 
significant difference in spontaneous firing rates between the TRPC3 KO and wild type mice. 
Application of pyr10 did not affect spontaneous firing and Ca2+ oscillations in TRPC3 KO mice, 
suggesting that pyr10 blocked spontaneous firing by specifically blocking TRPC3 channels in 
normal dopamine neurons. TRPC3 channel blockade with pyr10 hyperpolarized membrane 
potentials, but somatic current injection regenerated pacemaker activity again, suggesting that 



TRPC3 channels are constitutively active and help to maintain membrane potential depolarized 
within pacemaking ranges. In addition, stimulation of mGluR1 induced sustained Ca2+ influxes 
together with enhancement of spontaneous firing. When TRPC3 channels were blocked by 
pyr10, mGluR1-induced slow Ca2+ influxes were dramatically reduced. Furthermore, in TRPC3 
KO mice, firing rates were not significantly enhanced by activation of mGluR1 in SNc dopamine 
neurons. From these experimental results, we conclude that TRPC3 channels are not only 
essential for pacemaking, but also determine basal firing rate in mGluR1-dependent ways in SNc 
dopamine neurons. 
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Title: Cav3.2 T-type calcium channels modulate burst firing in mature granule cells of the 
dentate gyrus 
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Abstract: Mature granule cells of the dentate gyrus exhibit sparse firing of action potentials in 
physiological conditions. Interestingly, in the rare case of activation they show burst firing that is 
believed to be crucial for communication with their postsynaptic CA3 targets. The mechanisms 
underlying this bursting pattern in mature granule cells are not known. In the dentate gyrus T-
type calcium channels contribute to a reduction of the threshold for action potential generation in 
immature but not in mature granule cells. We hypothesized that T-type calcium channels might 
have a different function in mature cells by mediating their characteristic bursting behaviour. We 
performed patch-clamp recordings from mature granule cells of the dentate gyrus of rats and 
mice and found that pharmacological blockade of T-type calcium channels indeed impaired burst 



firing. We found similar results when we isolated the neurons from the network by blocking 
glutamatergic and GABAergic transmission showing that contribution of T-type channels to the 
burst firing represents an intrinsic mechanism. We also studied the contribution of axonal and 
dendritic calcium currents. T-type-mediated currents were observed in the axon initial segment 
of mature granule cells as well as in their medial-distal dendrites. From the different T-type 
channels subtypes, Cav3.2 shows a strong expression in the dentate gyrus and a 
physiological/pharmacological profile matching the observed features of mature cells bursting. 
We therefore assessed the consequences of the deletion of the Cav3.2 gene on bursting by using 
Cav3.2 constitutive knock-out mice. Interestingly, Cav3.2 knock-out mice fired mainly tonic 
spikes with a clear impairment in their ability to generate bursts of action potentials when 
compared to controls. These results show that Cav3.2 channels are strong modulators of bursting 
in mature granule cells of the dentate gyrus. Thus, Cav3.2 channels might be considered as a 
critical molecular switch that would allow mature granule cells to be effective in transmitting 
information to the CA3 pyramids. Modulation of these channels by experience or post-
translational modifications might have important consequences to pattern separation/completion 
tasks as well as other dentate and CA3-mediated behaviours. 
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Title: Microglial activation induces the excitability plasticity in CNS neurons 
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Abstract: Microglia is the resident immune cells in the brain, which show inflammatory 
responses against the immune challenge caused from the bacterial infections, stroke, hypoxia, 



autoimmune or neurodegenerative diseases. Activated microglia are involved in the synaptic 
elimination, synaptic efficacy and synaptic plasticity induction. However, whether the activated 
microglia alter the non-synaptic neuronal excitability plasticity remains unknown. 
Here, we show activation of microglia using the bacterial endotoxin (lipopolysaccharide, LPS) 
modulates the neuronal excitability in two brain regions. First, in the cerebellar Purkinje neurons, 
exposure of LPS increased the firing frequency long-lastingly, which prevented from inducing 
the excitability plasticity by additional 5Hz somatic depolarization. LPS-induced firing increase 
was suppressed by under the existence of Apamin, the antagonist of small conductance Ca2+-
activated K+ channels (SK channels), suggesting the LPS-induced firing increase was mediated 
through the SK2 channel down-regulation as shown that involved in the firing increase plasticity 
in Purkinje cells (Belmeguenai et al., 2010, JNS; Ohtsuki et al., 2012, Neuron; Grasselli et al., 
2016, Cell Rep.). In contrast, the LPS decreased in firing frequency in layer 5 pyramidal neurons 
of the medial prefrontal cortex (mPFC). This decrease of pyramidal neurons were prevented by 
the intracellular application of the phosphatase inhibitor. Further, LPS-induced firing frequency 
decrease was in large part mediated by the up-regulation of the SK channel functions. And, we 
also analyzed inflammatory cytokine levels during microglial activation. Thus, these results 
indicated that the LPS-induced microglial activation modulates the neuronal excitability in 
Purkinje neurons and pyramidal neurons in opposite directions through SK channel functional 
changes. 
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Abstract: In the center of the cortical ischemic territory, the countdown to neuronal death starts 
with the onset of “anoxic depolarization” wave minutes after the onset of ischemia. The resulting 



ischemic core is surrounded by the wider penumbra region where neuronal function is impaired 
but that is potentially salvageable with timely therapeutic intervention. Recent evidence indicates 
that the penumbral neurons suffer from rapid, calpain-mediated proteolysis of the axon initial 
segment (AIS) cytoskeleton. This stroke-induced proteolysis must have important functional 
implications for distribution and kinetics of the AIS channels thus affecting the ability of a 
neuron to generate meaningful output. Here we explored the stroke-induced changes in Na+ 
fluxes and excitable properties of Layer 5 pyramidal neurons using a combination of patch-in-
slice recording and high-speed fluorescence imaging of Na+-sensitive indicator SBFI. Cortical 
slices including injured and contralateral hemispheres were prepared from the brains of two 
month old rats, 3-4 hours after focal infarction was produced by permanent middle cerebral 
artery occlusion. Following the surgery, animals were awakened from anesthesia to confirm 
neurological deficits. The boundaries of the ischemic core and of penumbra were determined 
using the diffusion and perfusion-weighted MRI before the animals were sacrificed. 
Immunohistochemical analysis revealed that ankyrin G immunoreactivity was undetectable in 
the AIS of neurons within the penumbra, whereas control NeuN-stained neurons in contralateral 
hemisphere displayed robust ankyrin G staining. The peak amplitudes of the single AP elicited 
Na+ transients in the AIS of the penumbral neurons were smaller, but their times-to-peak were 
significantly longer than in the contralateral hemisphere, indicating that the inactivation 
characteristics of the underlying channels were altered. Less than 10% of the Layer 5 pyramidal 
neurons in control hemisphere fired bursts of action potentials (APs) in response to somatic, brief 
depolarizing current pulses. In the penumbra, however, the fraction of bursters increased 
markedly, with more than half of the neurons responded to the current pulses with more than one 
AP. This firing behavior was associated with increase in the size of AP afterdepolarization which 
could be attributed to incomplete inactivation of partially proteolyzed Na+ channels. The changes 
in the firing pattern of the surviving cells of the penumbra may play an important role in 
development of post-stroke neurological deficits as well as in generation of spreading 
depolarization waves and epileptiform discharges following ischemic injury. 
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Title: Spontaneous emergence of highly active neurons in hippocampal primary cultures 
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Abstract: Neurons communicate with others using spikes. In the neuron society, cells are highly 
heterogeneous in terms of their activity level; only a few neurons exhibit extremely high firing 
rates, whereas many other neurons are nearly inactive. Although highly active neurons are not 
dominant in numbers, their spikes contribute the majority of the total spike number in the brain, 
and thus, they may have a great impact on information processing, compared to those emitted by 
other "normal" neurons. However, little is known about how highly active neurons emerged and 
are maintained in neuronal networks. We optically detected highly active neurons, using Arc-
dVenus transgenic mice, which express the fluorescent protein dVenus under the promoter of 
arc, an immediate early gene that is induced by neuronal activation. We prepared primary 
cultures of hippocampal neurons from Arc-dVenus mice and continuously observed their dVenus 
fluorescence for about 50 days. Under spontaneous default-mode conditions, dVenus-positive 
neurons started to appear on approximately 20 days in vitro and gradually increased during our 
observation periods. However, even on 49 days in vitro, only a few portion (less than 1%) of 
neurons were dVenus-positive. The number of dVenus-positive neurons increased after neuronal 
stimulation by a GABAA receptor antagonist. Patch-clamp recordings revealed that the dVenus-
positive neurons show spontaneously higher firing rates than dVenus-negative neurons. 
Although a subset of dVenus-positive neurons drift over time, some neurons were dVenus-
positive for a long time (up to 14 days). Moreover, there existed neurons that repeatedly 
expressed dVenus. These results suggest that highly active neurons are fixed over time to some 
extent. To investigate the spatial distribution of highly active neurons, we calculated geometric 
energy, a measure of spatial clustering. The geometric energy was significantly higher than 
randomly shuffled surrogates, suggesting that Arc-expressing neurons were not randomly 
distributed but rather tended to be clustered in specific loci. Our results suggest that highly active 
neurons constitute a functional subpopulation in the neuronal network. These fixed highly active 
neurons may primarily convey neural information. 
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Title: Calcium lowers neuronal excitability with a G-protein independent mechanism 
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Abstract: The effect of extracellular calcium to decrease intrinsic excitability in neurons has 
been known since the 19th century. The dominating hypothesis to explain this phenomenon has 
ever since been the so-called “charge-screen effect”, claiming that the positively charged calcium 
ion is attracted to the negatively charged cell membrane and there screens the membrane with its 
positive charge. Thereby the local electrical field within the membrane is shifted to a more 
hyperpolarized membrane potential. Thus extracellular calcium ions suppress action potential 
firing. Recently, other mechanisms involving the G-protein coupled calcium sensing receptor 
(CaSR) and a sodium leak channel (NALCN) has been proposed. 
In this study we use patch-clamp recordings of rat hippocampal CA1 pyramidal neurons to 
explore how changes in extracellular calcium from 2 mM (the most commonly used 
concentration in experiments in vitro) to 1 mM (the concentration in cerebrospinal fluid) affect 
intrinsic properties. This reduction in calcium produced a hyperpolarization of the threshold for 
action potential firing (-47 ± 1.0 mV to -52 ± 1.1 mV, p<0.0001) but no depolarization but rather 
a slight hyperpolarization of the resting membrane potential (-55.7 ±1.9 mV to −57.2 ±2.2 mV, 
p=0.016). We also observed a decrease of the action potential amplitude (106 ± 1.0 mV to 99 ± 
1.3 mV, p<0.0001) and a decrease of the maximum depolarization velocity (258 ± 20.3V/s to 
307 ± 22.8 V/s, p=0.0001). The rheobase decreased to 67 ± 7% (n=10), when calcium was 
changed from 2 to 1 mM. Addition of the G-protein blocker GDPβS intracellularly (0.3 mM) did 
not significantly change this result (66 ± 9 %, n=6). We also tested a higher concentration of 
GDPβS (3.0 mM, n=7), but that did not significantly reduce the effect of reduced calcium on the 
rheobase (61 ± 4 %, p = 0.48). 
Our results indicate that the effect of calcium on intrinsic excitability does not depend on G-
proteins. The hyperpolarization of the threshold for the action potential without alteration of the 
resting membrane potential suggests a mechanism involving the gating properties of voltage-
gated sodium currents rather than leak currents. 
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Abstract: On exposure to a novel environment, a subpopulation of cells in CA1 will express 
place fields to create a spatial map of the environment. What determines which cells will be 
recruited to this population is not yet known, but there is evidence to suggest intrinsic excitability 
could have an important role. The identity of place versus silent cells was found to be predictable 
from their firing pattern in response to current injections prior to exploration of a novel 
environment (Epsztein et al 2011): highly bursting cells tended to become place cells, whereas 
regular firing cells were more likely to be silent. Furthermore, small, tonic depolarisations of the 
membrane can be sufficient to reveal spatially modulated firing in cells that were previously 
silent (Lee et al. 2012). 
Plasticity of intrinsic excitability in CA1 neurons has been shown following various stimulation 
protocols in vitro (Daoudal et al., 2002; Wang et al., 2003; Fan et al 2005, Brager & Johnston 
2007, Campanac et al 2008), and could potentially regulate the availability of cells to encode a 
new environment, but it has yet to be demonstrated in vivo. 
In this work we have examined the effect of three different stimulation protocols on the intrinsic 
excitability of CA1 pyramidal cells in vivo. Using whole-cell recordings in anaesthetised rats and 
stimulating solely via the patch pipette, we applied either 1. A theta-burst protocol previously 
used in vitro (Fan et al. 2005), 2. A pulse train protocol shown to modulate intrinsic excitability 
in the somato-sensory cortex in vivo (Mahon & Charpier 2012), or 3. A theta frequency plateau-
inducing protocol, as plateaus occur at theta frequency at the centre of place fields (Epsztein et al 
2011, Bittner et al 2015). 
To determine intrinsic excitability we analysed the current-firing rate relationship, the membrane 
input resistance, the action potential threshold and the burstiness of the firing pattern. We found 
that the theta-burst protocol decreased intrinsic excitability, reducing the firing rate output and 
burstiness. These effects were accompanied by a decrease in input resistance. Similarly, the pulse 



train protocol also reduced the action potential output and burstiness, however without a 
detectable effect on input resistance. The plateau group showed no overall differences in firing 
rate or burstiness, but for individual cells there were large effects in either direction, and we are 
exploring the possibility of differential subpopulation responses. 
Our results show that single cell stimulation can induce plasticity of intrinsic excitability in CA1 
pyramidal cells in vivo. Further work will investigate the role this may play in spatial coding. 
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Abstract: Industrial products misused for intentional inhalation contain different solvents among 
which aromatic hydrocarbons such as toluene, xylene and benzene, are the most commonly 
found. Chronic abuse exposure to toluene produces clear behavioral effects and severe cognitive 
deficits, but the physiological adaptations that occur in specific brain areas are largely unknown. 
On the other hand, cyclohexane is another solvent, also found in commercial products which 
does not share behavioral effects toluene, suggesting that it may act through different 
mechanism. This work examines the effects of intermittent chronic exposure to toluene and 
cyclohexane in intrinsic excitability of pyramidal neurons of the medial prefrontal cortex 
(mPFC) in adolescent rats. Individual groups of male Wistar rats were exposed for 30 min in a 
static exposure chamber to 8000 ppm of toluene or cyclohexane twice daily for 10 days, from 
postnatal day 22 to 35. Pyramidal neurons in layer V were recorded using the patch-clamp 
technique in whole-cell mode. Neither toluene not cyclohexane changed the resting membrane 
potential. Toluene but not cyclohexane, decreased neuronal input resistance and rehobase 



current, as well as increased the rectification phase of the curve I/V. Both solvents increased 
neuronal firing frequency, but, this increase was only significant in animals exposed to toluene. 
On the other hand, none of the solvent altered statistically the kinetics of the action potential. The 
increased frequency produced by toluene was related to a reduction in the after hyperpolarization 
current (IAHP). In conclusion, our results show that repeated toluene exposure increases the 
excitability of pyramidal neurons layer V in the mPFC of adolescent rats while cyclohexane had 
no significant effect. 
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Abstract: The transition between different neuronal excitability types plays a fundamental role 
in brain functions [Lee2012]. A prototypical example is the transition between a tonic mode and 
a rebound/bursting mode in the thalamus associated with modulation of arousal state. 
The balance between the expression of different ion channels is a key player in modulating 
neuronal excitability, and the involved ion channels can exhibit highly different or almost 
redundant properties. We have shown that, despite the high dimensionality of the ion channel 
conductance parameter space, modulation of neuronal excitability depends on a small number of 
behavioral parameters defining dynamic input conductances [Drion2015a]. These objects are 
instrumental to analyze neuronal modulation and robustness in a principled way [Drion2015b]. 
Here we use them in a constructive way to design simple electronic devices that exhibit the same 
excitability, modulation and robustness properties of biological neurons. Variations in biological 
parameters can be mapped into variations in the circuit parameters to reproduce the same 
behavioral transitions observed in experiments. 
We propose this circuit as a real world analog implementation of the biological transition 
between excitability types and discuss its potentiality from a fundamental as well as from an 



applied perspective. 
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Abstract: Hydrogen peroxide (H2O2), a reactive oxygen species, is an important signalling 
molecule in synaptic and neuronal activity in the central nervous system; it is produced 
excessively in brain ischaemia and spinal cord injury. Although we have reported H2O2-mediated 
modulations of synaptic transmission in rat spinal ventral horn (VH) neurons, the effects of H2O2 
on neuronal excitability and membrane properties remain poorly understood. Accordingly, these 
potential effects were investigated in the present study using a whole-cell patch-clamp approach 
in rats. We found that bath-application of H2O2 decreased neuronal excitability accompanied by 
decreased input resistance, firing frequency, and action potential amplitude and by increased 
rheobase. These H2O2-mediated changes were induced by activation of extrasynaptic, but not 



synaptic, GABAA receptors. Indeed, GABAergic tonic currents were enhanced by H2O2. On the 
other hand, the amplitude of medium and slow afterhyperpolarisation (mAHP and sAHP), which 
plays important roles in controlling neuronal excitability and is mediated by small-conductance 
calcium-activated potassium (SK) channels, was significantly decreased by H2O2. When 
extrasynaptic GABAA receptors were completely blocked, these decreases of mAHP and sAHP 
persisted, and H2O2 increased excitability, suggesting that H2O2 per se might have the potential 
to increase neuronal excitability via decreased SK channel conductance. These findings indicate 
that activating extrasynaptic GABAA receptors or SK channels may attenuate acute neuronal 
damage caused by H2O2-induced hyperexcitability and therefore represent a novel therapeutic 
target for preventing and treating H2O2-induced motor neuron disorders. 
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Abstract: Temporal and spatial embryonic origin critically determines cortical neuron diversity. 
The Dentate Gyrus is the entry gate to the hippocampal trisynaptic circuit and comprises two 
subtypes of principal glutamatergic neurons, the granule cells and the semilunar granule cells. 
Although the latter represent a very small minority of neurons characterized by a stereotyped 
dendritic morphology, they have recently been identified as essential components of information 
processing through the Dentate Gyrus circuit. Since both early born GABAergic and 
glutamatergic neurons in CA3 were shown to develop into neurons supporting major network 
functions, we asked whether an early temporal origin could similarly specify semilunar cell fate. 
Here we show that semilunar granule cells, classified by their morphological features, are 



generated and mature earlier than the general granule cell population. Besides morphology, adult 
semilunar cells display characteristic electrophysiological features contributing to a lower 
excitability. Such electrophysiological traits differ from most neurons but are shared with early 
born granule cells. Therefore an early birthdate specifies adult neuronal physiology whereas 
additional factors may combine to further produce morphological identity. 
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Abstract: Background 
For decades it has been hypothesized that molecules within the cerebrospinal fluid (CSF) diffuse 
into the brain parenchyma and influence the function of neurons. However, the functional 



consequences of CSF on neuronal circuits are largely unexplored and unknown. A major reason 
for this is the absence of appropriate neuronal in vitro model systems, and it is uncertain if 
neurons cultured in pure CSF survive and preserve electrophysiological functionality in vitro. 
Methods and Results 
We present an approach to address how human CSF (hCSF) influences neuronal circuits in vitro. 
We validate our approach by comparing the morphology, viability, and electrophysiological 
function of single neurons and at the network level in rat organotypic slice and primary neurons 
cultivated either in hCSF or in defined standard culture media. 
Summary 
Our data indicate that hCSF represents a physiological environment for neurons in vitro and a 
superior culture condition compared to the defined standard media. Moreover, this experimental 
approach paves the way to monitor the functional consequences of CSF-derived molecules on 
neuronal circuits. 
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Abstract: Intracellular Ca2+ stores in the endoplasmic reticulum (ER) play crucial roles in 
electrical activity and signal transduction in muscle and neurons. In many cases, the release of 
ER Ca2+ is controlled by ryanodine receptors, which are opened by Ca2+ from the cytosolic side 
and contribute to amplification of Ca2+ signaling; this is known as Ca2+-induced Ca2+ release, or 
CICR. In the central nervous system, CICR plays roles in synaptic plasticity and neuronal 
excitability. However, other physiological roles in the brain are poorly understood. The dorsal 



cochlear nucleus of mammals integrates auditory and non-auditory information, and is thought to 
contribute to monaural sound localization. This region harbors glycinergic cartwheel 
interneurons, which have long been known to possess abundant subsurface ER cisterns in their 
cell bodies, and prominent Ca2+-dependent signaling as well. 
We investigated CICR-induced changes in cartwheel cell firing in current clamp, and associated 
outward currents in voltage clamp, using patch-clamp recordings from brainstem slice 
preparations of P18-26 mice. We also performed intracellular Ca2+ imaging by using two-photon 
microscopy. 
Blockade of CICR by ryanodine dramatically changed the spontaneous spike output of cartwheel 
cells, transforming predominantly spontaneous regular firing into burst firing, and lengthening 
the duration of spontaneous burst firing. In voltage clamp recordings in the presence of synaptic 
blockers, 10 to 20 mV depolarizations from -70 mV holding potential led to appearance of 
spontaneous miniature outward currents (SMOCs), which were inhibited by iberiotoxin (a BK 
Ca2+-activated K channel blocker), indicating the SMOCs are mediated by the activation of BK 
channels. The SMOCs were also inhibited by omega-agatoxin 4A (a P/Q-type Ca2+ channel 
blocker) or by ryanodine, indicating that SMOCs are mediated by CICR events triggered by Ca2+ 
influx through P/Q-type Ca2+ channels that leads to BK activation. In order to determine the sites 
of CICR in cartwheel cells, we monitored intracellular Ca2+ transients. Action potential-evoked 
Ca2+ transients in immediately under somatic membrane were attenuated by ryanodine, whereas 
the Ca2+ transients in the axon initial segment or in dendrites were not affected, indicating action 
potential-evoked CICR is present only in cell bodies. 
We propose that action potentials rapidly trigger BK channel currents through CICR, and that 
this process tunes the size and duration of burst firing in cartwheel cells. 
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Abstract: Propofol is a major intravenous anesthetic, which facilitates GABAA receptor-
mediated inhibitory synaptic currents. Moreover, propofol modulates several ionic currents 
including Ih, K+, and voltage-gated Na+ currents. These propofol-induced modulation of ionic 
currents results in hyperpolarization of the resting membrane potential, decreasing the input 
resistance, and suppression of repetitive spike firing in pyramidal neurons in the cerebral cortex. 
However, it has been unknown whether these ionic currents are modulated by propofol in fast-
spiking and non-fast-spiking GABAergic interneurons, which differentially express these ionic 
channels. The present study aimed to examine whether pyramidal and GABAergic neurons are 
differentially modulated by propofol in the rat insular cortex. We performed multiple whole-cell 
patch-clamp recording from pyramidal and GABAergic interneurons that were classified into 
fast-spiking (FS) GABAergic interneurons and non-FS GABAergic neurons by their spike firing 
properties. We found that 100 µM propofol commonly hyperpolarized the resting membrane 
potential and decreased the input resistance in pyramidal, FS, and non-FS neurons. 
Hyperplarization-induced sag, which was prominently observed in pyramidal neurons but not in 
the most FS and non-FS neurons, was diminished by propofol. In addition, propofol (100 µM) 
potently suppressed, in most cases eliminated, the repetitive spike firing in pyramidal, FS, and 
non-FS neurons. Therefore, quantitative analyses of propofol-induced firing modulation were 
performed at low concentration of propofol (30-50 µM). We found that 30-50 µM propofol 
decreased the neural firing of pyramidal neurons but had little effect on that of FS and non-FS 
neurons, suggesting that pyramidal neurons were most sensitive to propofol among cortical 
neurons. 
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Abstract: Inflammation leads to the production of the bioactive lipid sphingosine-1-phosphate 
(S1P) which sensitizes peripheral nociceptors via activation of one of five G-protein coupled 
receptors (S1P receptors 1-5). Despite the expression of these receptors in the CNS, the 
contribution of S1P signaling to supraspinal circuits relevant in pain processing remains poorly 
understood. The amygdala is a temporal lobe structure essential to the affective component of 
pain and stress-induced analgesia. S1P stimulates G-protein activity in the amygdala yet the 
functional effects of S1P signaling on projectionally defined neurons in the amygdala is lacking. 
The central nucleus of the amygdala (CeA) is the major output pathway of the amygdala and 
contains a major subpopulation of GABAergic neurons that modulate pain-related behaviors. 
Using anatomical labeling techniques in the mouse, we identified CeA neurons that send 
projections to the periaqueductal gray (PAG), a midbrain structure essential to endogenous 
analgesia. In acute brain slices, the effects of S1P on the intrinsic properties of retrogradely-
labeled CeA-PAG neurons were measured using whole-cell electrophysiology. Preliminary 
results suggest that exogenous S1P hyperpolarizes CeA-PAG neurons leading to a decreased 
firing frequency. Surprisingly, addition of S1P receptor 1 (S1PR1) agonist SEW2871 
depolarized CeA-PAG neurons thereby increasing firing frequency. This suggests that the 
decrease in excitability caused by exogenous S1P may be mediated by a different S1P receptor. 
We are currently injecting S1PR agonists and antagonists within the CeA to test the hypothesis 
that S1P signaling modulates hyperalgesia in an inflammatory pain model. Ultimately, findings 
from this work may uncover therapeutic targets within intersecting pain and emotional-affective 
circuity that could lead to novel approaches exploiting S1P pathways for treating both chronic 
pain and anxiety disorders. 
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Abstract: Epilepsy is a devastating neurological condition characterized by recurrent 
spontaneous seizures. Approximately 30-40% of all epileptic cases are medically refractory to 
available therapeutics thus dictating the need to identify additional targets involved with 
epileptogenesis and ictogenesis. ATP sensitive potassium channels (KATP) may be such a target 
since 1) KATP channels contribute to the anti-convulsive effects of triamterene, the ketogenic diet 
and 2-deoxy-D-glucose (2-DG) and 2) defects in KATP channels (KCNJ11 mutations) underlie 
DEND syndrome which is characterized by developmental delay, epilepsy and neonatal diabetes. 
Subsequently, we hypothesized that alterations in KATP channels could occur in animal models of 
epilepsy, specifically the pilocarpine-mouse model of temporal lobe epilepsy. Adult male mice 
(C57Bl6/129; 2-4 months) were treated with methyl-scopolamine (1.2 mg/kg; IP) followed by 
either pilocarpine (295 mg/kg; IP) or vehicle and then behaviorally monitored to verify status 
epilepticus. Three to six months following the initial treatment, animals were behavioral 
monitored (8-10 hrs/week) to assess for spontaneous convulsive seizures. Mice were then 
sacrificed and their hippocampi were collected and fixed in 4% paraformaldehyde (epileptic 
pilocarpine-treated mice, n = 4; non-epileptic vehicle-treated controls, n = 4). Cresyl violet 
staining and immunohistochemistry (IHC) for BACE1 revealed that 100% of epileptic 
pilocarpine-treated mice, versus 0% of controls, exhibited extensive hippocampal cell loss and 
mossy fiber sprouting. To examine KATP channels, IHC for Kir6.2 (one of the pore-forming 
subunits of KATP channels) was performed. Saline treated controls exhibited Kir6.2 
immunoreactivity (IR) in hippocampal pyramidal cells and dentate granule cells (primarily the 
cell body) which is similar to what has been previously reported (Zhou et al., 2002). 
Hippocampal interneurons were also Kir6.2-IR with very little astrocytic staining noted. Slices 
from epileptic pilocarpine treated mice exhibited a similar pattern of Kir6.2-IR in the remaining 
hippocampal neurons and strong Kir6.2-IR in the soma and primary processes of reactive 
astrocytes in both the grey and white matter. This aberrant increase of Kir6.2 in astrocytes was 
surprising since Kir6.2 has been suggested to be primarily neuronal. While the physiological 
consequences of this aberrant expression of Kir6.2 in astrocytes is unclear, it is interesting to 
note that modulation of KATP channels can affect astrocytic gap junctions which subsequently 
could affect hippocampal network activity. 
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Abstract: Kir4.1, a glial specific, inwardly rectifying potassium channel contributes 
significantly to astrocyte membrane properties and extracellular K+ homeostasis. Reduced 
protein expression and channel function is observed in nearly every CNS pathology and 
astrocyte specific rescue reduces neuronal hyperexcitability and dysfunction, leading to the 
notion that Kir4.1 may represent a novel therapeutic target. Recent work suggests Kir4.1 
downregulation may be due, in part, to extravasation of serum components into the parenchyma 
upon blood-brain barrier (BBB) disruption. Using a pilocarpine model of status epilepticus and 
spontaneous recurrent seizures in adult male rats we observed a > 50% reduction in hippocampal 
Kir4.1 expression 24 hours post status epilepticus that was associated with hippocampal 
extravasation of Evans blue dye, used as an indicator of blood-brain barrier breakdown. Reduced 
Kir4.1 protein levels were maintained through the latent period, preceded the onset of 
spontaneous recurrent seizures and were maintained in epileptic animals. Treatment with 
Thiamet-G, a specific inhibitor of O-GlcNAcalyation (OGA) previously shown to be 
neuroprotective, one hour post status epilepticus rescued Kir4.1 levels to that of sham animals. 
Work underway is aimed at addressing 1) in the context of status epilepticus if BBB disruption is 
necessary for reduced Kir4.1 expression 2) if treatment with Thiamet-G rescue Kir4.1 protein 
levels at chronic time points after pilocarpine injection 3) if the rescue of Kir4.1 expression by 
Thiamet-G occurs by direct action on astrocytes or through attenuating BBB breakdown? 
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Abstract: The post-ictal period is often associated with acute neurological dysfunction, such as 
sensory, cognitive, and motor impairments. By using several models of seizures and epilepsy our 
laboratory has characterized the occurrence of a long-lasting period of hypoperfusion and severe 
hypoxia (pO2 below 10 mmHg) which begins immediately after seizure cessation and lasts over 
an hour in the hippocampus. Furthermore, this local phenomenon is associated with acute 
postictal behavioural dysfunction that is related to the brain structure involved in the 
electrographic seizure. Postictal hypoperfusion/hypoxia is completely prevented by the pre-
administration, but not post-administration, of Cyclooxygenase-2 (COX-2) inhibitors, which 
suggests a chief role of COX-2 activation during the electrographic seizure. COX-2 is an 
inducible enzyme which catalyses the conversion of arachidonic acid to the vasoactive 
prostaglandins (PG). However, selective inhibition of downstream PGE2 and thromboxane 
synthesis did not prevent postictal hypoxia. Like COX-2-dependent PG synthesis, the two main 
endogenous cannabinoids anandamide (AEA) and 2- arachidonoylglycerol (2-AG) are 
synthesised and released during sustained neuronal activity and increased intracellular Ca++ 
concentration. Seizures cause an intense pattern of neuronal activity, which potently co-activate 
both the COX-2 and endocannabinoid systems. AEA and 2-AG are primarily inactivated by fatty 
acid amide hydrolase (FAAH) and monoacylglycerol lipase (MAGL), respectively. Importantly, 
it has been demonstrated that COX-2 represents an alternative pathway for the breakdown of 
endocannabinoids and generation of long-lasting vasoactive metabolites. Based on this evidence 
we hypothesised that the COX-2-derived endocannabinoid metabolites, PG-glycerol esters (PG-
G) for 2-AG and PG-ethanolamides (PG-EA or prostamides) for AEA, might be responsible for 
the long-lasting severe postictal hypoxia induced by electrographic seizures. We expect that 
administration of a FAAH inhibitor (URB597) or MAGL inhibitor (MJN 110) may worsen 
postictal hypoxia by increasing COX-2-dependent endocannabinoids degradation, whereas 
administration of substrate-selective COX-2 inhibitors, which inhibit endocannabinoid and not 
arachidonic acid breakdown, (LM4131 and (R)-flurbiprofen) may prevent hypoxia following 
seizures. These experiments contribute to our understanding of the mechanisms of postictal 



hypoperfusion/hypoxia and provide further preclinical evidence for the development of new 
endocannabinoid-based pharmacological tools for the treatment of epilepsy. 
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Abstract: Long-lasting seizure activity (status epilepticus; SE) is often associated with 
hippocampal injury and the subsequent development of spontaneous seizures (epilepsy). One 
hallmark often associated with SE-induced hippocampal injury is activation and accumulation of 
microglial cells. Under pathological conditions (e.g. seizures) microglial cells develop an 
inflammatory phenotype that includes a change in morphology from highly ramified to 
hypertrophied and amoeboid, and the release of immunological messenger molecules such as 
cytokines. Recently, we reported SE-triggered changes in the morphology and accumulation of 
microglial cells in the hippocampus. These changes were evident between 1 to 14 days after SE, 
when microglia changed gradually from highly branched to amoeboid and accumulated in the 
CA1 hippocampal region. Interestingly, we found little correlation between accumulation of 
amoeboid microglia and the levels of multiple inflammatory cytokines using whole hippocampal 
homogenates. Thus, the objective of this study was to identify the cytokine profile expressed in 
the different morphological states of microglia after SE. SE was induced in rats using the 
chemoconvulsant pilocarpine and stopped after 1 hour with the anticonvulsant diazepam. Tissue 
was collected at 14-days after SE for immunohistochemistry. Antibodies against IBA1 or CD11b 
were used to identify microglia independently of their activation status. Microglial 
morphological properties were determined by using a 1-5 scale as follows: 1-ramified, 2-
bushy/reactive, 3-hypertrophied, 4- amoeboid and 5-rod microglia. To understand the 
biochemical properties of these different morphologies of microglia, immunofluorescence was 
used with antibodies against inflammatory cytokines such as IL-1β, TNFα, IL-6, along with 
CD68 and MHCII. First, we found a significant increase in the total number of microglial cells in 



the hippocampi of SE rats compared to the control group (p<0.05). Morphological analyses 
showed that in control hippocampi there was a higher number of ramified microglia compared to 
the other morphologies. In contrast, SE hippocampi displayed a significant increase in the 
numbers of amoeboid and rod-shaped microglia compared to the control (p<0.05) that correlated 
with a significant decline in ramified microglia. In addition, we found little to no cytokine 
expression in branched microglia and different cytokine profiles in hypertrophied, amoeboid, and 
rod-shaped microglia. These data suggest that SE triggers changes in microglia morphology as 
well as cytokine expression and that different microglia morphologies may have different 
functions. 
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Abstract: Glial cells are now recognized as active communication partners in the CNS, and this 
new perspective has rekindled the question of their role in pathology. Recently, we have 
compared functional properties of astrocytes in hippocampal specimens from patients with 
mesial temporal lobe epilepsy (MTLE) with and without hippocampal sclerosis (MTLE-HS). 
The data showed that the sclerotic human hippocampus is completely devoid of bona fide 
astrocytes and gap junction coupling, whereas coupled astrocytes were abundantly present in 
non-sclerotic specimens. Employing a new mouse model of MTLE-HS, we could also show that 
astrocytic uncoupling and the consequential impairment of K+ clearance temporally precede 



neuronal death and the onset of spontaneous seizure activity (Bedner et al. 2015, Brain 
138:1208-22). Here we report that similar uncoupling occurs in another seizure model, i.e. 
hyperthermia-induced febrile convulsions, providing strong evidence that this dysfunction 
represents a fundamental mechanism in epileptogenesis. Our current results suggest that the 
inhibition of astrocyte coupling during the early phase of epileptogenesis is not caused by 
reduced levels of gap junction proteins but by changes in the phosphorylation status of Cx43, as 
evidenced by Western blot and mass spectrometric analyses. Proinflammatory molecules 
appeared to mediate this posttranslational modification of Cx43, since astrocyte uncoupling was 
absent in toll-like receptor 4 knockout mice, could be induced by cytokines in situ and in vivo, 
and could be rescued by intraperitoneal injection of Xpro1595, a specific inhibitor of soluble 
TNFα, or of the antiepileptic drug levetiracetam. These data challenge the commonly accepted 
neurocentric view of epileptogenesis and demonstrate that astrocytes may be the prime cause of 
this condition. 
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Abstract: Prolonged continuous seizure activity (status epilepticus; SE) can severely disrupt the 
hippocampal circuitry and promote the development of spontaneous recurrent seizures and 
cognitive deficits. Neuronal and dendritic losses along with remodeling of synaptic connectivity 
are pathological features often seen in hippocampal tissue resected from individuals with drug-
resistant seizures and in experimental models of SE and epilepsy. However, the mechanisms 
underlying SE-induced remodeling of hippocampal synaptic circuitries are still elusive. Recent 
evidence points to the classical complement system as a candidate mechanism. The classical 
complement proteins C1q and C3b are associated with synaptic remodeling in the developing 
brain and have been shown to be altered in hippocampi from human and experimental epilepsy. 
Understanding the potential role that the classical complement pathway may play on the 



dendritic and synaptic pathology associated with SE requires information on the extent to which 
C1q and C3b are altered and their distribution. Therefore, the objective of this study was to 
quantify SE-induced changes in the level and distribution of C1q and C3 proteins. SE was 
induced in with pilocarpine and stopped after 1 hour with diazepam. Hippocampi were collected 
at various time points after SE (3-, 14-, 21- and 35-days). Immunohistochemistry (IHC) and 
Western blots (WB) with antibodies against C1q and C3 along with densitometry analysis were 
used to identify and quantify subcellular and regional changes. IHC showed that C1q 
immunoreactivity was localized in the hippocampus of both control and SE rats. In control 
hippocampi, C1q signal was most evident within the stratum lacunosum moleculare while in SE 
hippocampi intense C1q signal was localized to the stratum radiatum. Densitometry analysis of 
immunoreactive signal showed a significant increase in the protein levels of C1q in the SE group 
compared to controls (p<0.05). C1q is the initiating protein of the classical pathway. Thus, an 
increase in C1q suggests increased activation after SE. WB showed a significant increase in the 
levels of C3 cleavage along with C3b fragments in the SE group compared to the control group 
(p<0.05). In order to act as an opsonin, C3 must be cleaved. This can occur downstream of C1q 
signaling. Therefore, an increase in C3 cleavage products further supports activation of at least 
the classical complement pathway after SE. Taken together these data suggest that SE triggers 
abnormal activation of the classical complement pathway in the hippocampus. Additional studies 
are underway to determine the role of this pathway in synaptic alterations associated with SE. 

Disclosures:  N.D. Schartz: None. A.L. Brewster: None. 

Poster 

688. Epilepsy: Glia and Post-Seizure Mechanisms 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 688.07/J6 

Topic: B.11. Epilepsy 

Title: Growth Associated Protein 43 (GAP-43) as a candidate biomarker of epileptogenesis 

Authors: *A. NEMES1, K. AYASOUFI2, Z. YING1, I. M. NAJM1;  
1Epilepsy Ctr., 2Dept. of Immunol., Cleveland Clin., Cleveland, OH 

Abstract: Epilepsy is a common, progressive neurological disorder affecting 1-2% of the 
population. Although various therapies are available, there is no known cure or biomarker of 
epilepsy. We have recently shown that growth associated protein 43 (GAP-43), a marker of 
axonal growth and synaptic plasticity, is highly and differentially expressed in tissue resected 
from patients with cortical dysplasia (CD), a malformation of cortical development associated 
with postnatal epileptogenesis. In the current study, we have found parallel results in a rat model 



of CD following acute seizures. Baseline expression of GAP-43 was higher in CD rats as 
compared to controls. Acute seizures resulted in a significant and early increase of GAP-43 
expression in both CD and control brains. However, GAP-43 expression continued to increase 
over time in CD, while returning to baseline in controls. Prolonged EEG monitoring revealed a 
progressive increase in the frequency of interictal epileptic spikes and the presence of 
spontaneous seizures in CD rats. Serum GAP-43 was significantly higher in CD rats with 
spontaneous seizures as compared to non-CD controls and non-epileptic CD rats. Double-
labeling studies showed higher co-localization between GAP-43 positive axons and 
glutamatergic markers as compared to inhibitory markers, perhaps contributing to imbalanced 
neuronal networks leading to in situ small network hyperexcitation. Immuno-electron 
microscopic imaging supported this result with GAP-43 staining only found located at the 
growth cones of excitatory axons in a CD rat with spontaneous epilepsy. Finally, injection of a 
lentiviral vector containing siRNA against GAP-43 significantly decreased seizure duration and 
severity. Together, these results provide new insight into a potential candidate biomarker for CD 
and epileptogenesis; as well as a target for the treatment and prevention of progressive or 
intractable epilepsies. 
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Abstract: Cerebral malaria (CM) annually affects more than 3 million children typically under 
the age of 5. CM carries a high mortality rate even when treated. Epilepsy occurs in 10-16 % of 
children who survive CM. We have developed the first murine model of post-cerebral malaria 
epilepsy (PoME). We report here on histological analysis from the cohort of animals studied for 



the development of epilepsy, and correlate the neuropathophysiology with electrographic 
semiology. 
Cohorts of mice of 3 different strain Swiss Webster (SW), CBA, and C57BL/6 were inoculated 
with Plasmodium berghei ANKA (PbANKA) and Plasmodium berghei NK65 (PbNK65) 
infected erythrocytes. After developing severe CM, they were treated with Artesunate and cured 
of the infection. They were then implanted with electrodes and chronically monitored with 
video/EEG for development of seizures. Littermate controls were inoculated with uninfected 
erythrocytes and treated identically to infected animals. EEG was analyzed to identify seizures, 
which were then scored for electrographic origin and evolution. 
Following chronic recording, their brains were fixed, sectioned and stained with GFAP and 
NeuN for astrocytes and neurons. Sections were analyzed using stereological technique to 
quantify hippocampal volume and region-specific cell densities. These quantities along with 
peak infectious phase Parasitemia were then correlated with animal specific seizure semiology. 
Infected animals showed a range of morphological changes that included significantly expanded 
ventricles, damaged cortices, and asymmetrically affected hippocampi. 
There is an urgent need of effective adjunct therapy during and following CM to mitigate the 
effects of the insult and prevent chronic irreversible brain damage and associated deficits. This 
murine model of PoME will provide a useful platform to test mechanistic approaches for such 
interventions. 
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Abstract: Differences in anatomical connectivity, gene expression patterns, and neuronal 
excitability in the dorsal and ventral regions of the hippocampus are well characterized. These 
differences account for the regional particularity of the neuronal network activity but do not 
explain why the ventral hippocampus is more prone to seizure genesis than the dorsal 
hippocampus. Since the ventral hippocampal network is more excitable than the dorsal therefore, 



it can be proposed that the ventral hippocampus requires more energy supply. However, the 
regional specificity of energy metabolism in the hippocampus is not known. 
Using local field potential recodings coupled either with NAD(P)H/FAD+ imaging or with 
glucose, oxygen, and lactate sensing, we investigated metabolic activity induced by neuronal 
network stimulation in ventral and dorsal hippocampal slices of adult control mice and mice with 
epilepsy (pilocarpine model). 
In control animals, we found that neuronal network activity induced by Schaffer collateral 
electrical stimulation was accompanied by similar decreases in tissue oxygen in ventral and 
dorsal slices, indicating equal level of the oxidative metabolism in both hippocampal regions. 
However glucose consumption was 2-5 times higher in ventral slices than in dorsal, indicating a 
high level of non-oxidative glucose utilization. The analysis of the NAD(P)H/FAD+ fluorescence 
transients induced by the same neuronal network stimulation protocol showed no regional 
difference in the oxidative metabolism but revealed higher intensity of the cytosolic glycolysis in 
ventral than dorsal slices. Thus, to meet its high-energy demand, the ventral hippocampus 
network takes advantage of paralleled use of both oxidative and non-oxidative glucose 
metabolism pathways whereas for the dorsal network the yield of oxidative metabolism is 
sufficient. 
We applied the same experimental paradigm in the experimental model of epilepsy. We found 
that the pathology erased a regional difference in metabolic signals mainly via a dramatic 
decrease of non-oxidative metabolism activity in ventral slices. All together our results suggest 
that i) there is a regional difference in energy metabolism activity; ii) to meet the energy demand 
required to fuel higher excitability, the ventral network takes advantage from parallel use of non-
oxidative and oxidative metabolic path-ways; iii) in experimental epilepsy, non-oxidative 
cytosolic glycolysis is highly reduced leading to energy deficit that may contribute to the seizure 
genesis and/or propagation. 

Disclosures:  A.I. Ivanov: None. G. Brancati: None. C. Rawas: None. C. Bernard: None. 

Poster 

688. Epilepsy: Glia and Post-Seizure Mechanisms 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 688.10/J9 

Topic: B.11. Epilepsy 

Title: Alzheimer’s related disease pathologies following nerve agent-induced seizures. 



Authors: *D. L. SPRIGGS, J. L. WINKLER, C. E. KAROLENKO, K. M. BOWENS, J. W. 
SKOVIRA;  
USAMRICD, Gunpowder, MD 

Abstract: Recent epidemiological and animal studies have suggested a link between 
organophosphate (OP) exposure and dementia related diseases such as Alzheimer’s disease. 
Typically affecting individuals 65 and older, Alzheimer’s disease causes progressive 
neurodegeneration and is the sixth leading cause of death in the US. Alzheimer’s related 
pathologies are characterized by deposits of the protein fragment beta-amyloid (Aβ plaques) and 
abnormal twisting of strands of the protein tau (neurofibrillary tangles). Substantial evidence 
supports that aggregated Aβ and neurofibrillary tangles are sources of neurodegeneration. In this 
study we evaluated the progression of Alzheimer’s related pathologies in Sprague Dawley rats 
after the onset of seizures induced by the organophosphorus nerve agent soman. Rats were 
pretreated with HI-6 (125 mg/kg, ip) 30 min prior to receiving soman (180 ug/kg, sc). This dose 
of soman is known to reliably elicit seizures in 100% of exposed animals. Atropine methylnitrate 
(2.0 mg/kg, im) was administered 1 min after soman exposure to increase survival. Control 
animals were given an equivalent volume of saline in place of a soman injection. Animals were 
euthanized 8 weeks following soman exposure. Our data show that the hallmarks of Alzheimer’s 
related pathologies, beta-amyloid plaques and neurofibrillary tangles, are present in the cortex 
and hippocampus 8 weeks following exposure to the nerve agent soman. The rapid onset of 
Alzheimer’s related pathologies following soman exposure highlight the need to investigate 
treatments to mitigate the development of these pathologies. If left untreated, OP casualties could 
face lifelong consequences and potentially early death from the development of these 
pathologies. 
Disclaimer/Funding Statements. The experimental protocol was approved by the Animal Care 
and Use Committee at the United States Army Medical Research Institute of Chemical Defense 
and all procedures were conducted in accordance with the principles stated in the Guide for the 
Care and Use of Laboratory Animals (National Research Council, 2011), and the Animal 
Welfare Act of 1966 (P.L. 89-544), as amended. 
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Title: Aberrant AMPA receptor and ADAR enzyme expression during the acute phase of 
pilocarpine-induced seizures increases neuronal death in the neonatal mouse brain 

Authors: *S. JUNG, Y. BALLHEIMER, F. BRACKMANN, R. TROLLMANN;  
Univ. Hosp. Erlangen, Erlangen, Germany 

Abstract: Background: Neonatal seizure is a common pediatric emergency. During the acute 
seizure activity glutamate mediated excitotoxicity may contribute to aberrant apoptosis in the 
developing brain increasing the risk of survivors for developmental delay and later epilepsy. 
Since calcium-permeable α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) 
receptors have important implication in disturbing glutamatergic transmission as well as early 
maturational glial and neuronal programs, we analyzed acute effects of pilocarpine-induced 
neonatal seizures on age- and region-specific cerebral expression of AMPA receptor subunits 
and AMPA receptor editing adenosine deaminases acting on RNA (ADAR). 
Methods: Neonatal (P10) C57BL6/NCrl mice were injected intraperitoneally with 
methylscopolamine bromide (1 mg/kg, i.p.) and pilocarpine (400 mg/kg, i.p.). Seizures were 
terminated by diazepam (5 mg/kg, i.p.) 90 minutes after seizure onset. Thereafter, tissue 
preparation was performed after a regeneration period of 1 h, 24 h, and 72 h. Expression of 
AMPA subunits (GluR1, GluR2, GluR3, GluR4) and ADAR enzymes (ADAR1, ADAR2, 
ADAR3) was analyzed by real-time RT-PCR and immunohistochemistry. Induction of 
apoptosis-related gene expression (bnip3, dusp1, ier3) was monitored by real-time RT-PCR. 
Additionally, brain region specific apoptotic cell death was quantified by TUNEL and active 
caspase 3 staining. 
Results: While absolute mRNA levels of AMPA receptor subunits GluR1, GluR2, GluR3, and 
GluR4 remained unaffected post pilocarpine-induced seizure activity, composition of the 
GluR1/2/3/4 mRNA pool changed significantly within 1 h in pilocarpine-treated mice compared to 
controls. Thereby, the relative expression of GluR2 and GluR4 decreased significantly by 55% 
and 53%, respectively. While the mRNA level of regulatory ADAR3 remained stable over time, 
mRNA transcription of enzymatic active ADAR1 and ADAR2 enzymes was downregulated 24 h 
post pilocarpine treatment correlating with aberrant expression of BNIP3 and DUSP1 and 
increased TUNEL-positive cells in the subventricular zone. 
Conclusions: Considering a crucial role of RNA-edited GluR2 for the permeability of AMPA 
receptors for calcium ions and subsequently calcium ions mediated neurotoxicity, aberrant 
expression of GluR2 as well as of the GluR2 pre-mRNA editing enzyme ADAR2 may explain 
enhanced and region specific activation of caspase 3 stimulated apoptosis. In conclusion, AMPA 
receptor antagonist may be a promising target to abolish excitotoxicity-induced neuronal loss in 
the developing brain. 
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Abstract: Dravet syndrome (also called severe monoclinic epilepsy of infancy) is a rare, 
genetically determined disease with no effective therapies. Comorbidities include cognitive 
impairments, hyperactivity, attention deficits, delayed psychomotor development, sleep 
disorders, anxiety-like behaviors, impaired social interactions and premature death. 
Existing Dravet mouse models are not ideal for therapy development projects for various 
reasons. Some have early onset lethality that prevents shipping and sharing of mice. Most are not 
widely available for drug testing efforts due to legal restrictions. 
To address this need, we have developed a novel inducible model that is available for drug 
development projects with a no-cost license: B6(Cg)-Scn1atm1.1Dsf/J (#26133). Expression of the 
Scn1a gene is normal until exposed to cre activity, when the floxed wild-type exon 26 is deleted 
and an engineered exon 26 carrying the A1783V mutation (as found in human patients) is 
expressed. This means that un-induced mice are normal and healthy and can be easily 
distributed. As verified by sequencing of mRNA, mutant Scn1a expression can be induced in 
specific neuronal subsets by mating to the appropriate cre-expressing strain. The JAX mouse 
repository has wide variety of both broadly- and specifically-expressed cre lines. The engineered 
Scn1a allele is on a B6 genetic background. Initial experiments with mice generated using a 
ubiquitous cre on a C57BL/6J genetic background resulted in lethality at ~ 3 weeks of age 
consistent with reports from other Dravet mouse models. However, a significant percentage of 
mice generated using a ubiquitous cre on a 129S1 genetic background survive (preliminary 
results indicate that nutritional support promotes viability) and have potential to be used for 
evaluating novel therapies for Dravet syndrome. 
We will present detailed characterization of both the seizure and comorbid neuropsychiatric 
phenotypes of this novel line. We expect that making this model and corresponding cre-
expressing mice lines easily available will facilitate its use as a drug screening platform and the 
development of effective therapies for Dravet syndrome. 
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Title: Investigation of doublecortin, GABA and V-GLUT immunoreactivties in the hippocampus 
of genetic absance epileptic rats: an ultrastructural study 
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Abstract: The subventricular zone of the lateral ventricles and the dentate gyrus (DG) of the 
hippocampus are two distinct areas of the brain in which neurogenesis occurs throughout the 
lifetime period. Recent studies report that there is a relation between neurological disorders and 
neurogenesis. It is generally accepted that imbalances between GABA-mediated inhibitory 
and glutamate-mediated excitatory neurotransmissions which induce spike and wave discharges 
play an important role in the pathogenesis of epilepsy.  Genetic absence epilepsy rats from 
Strasbourg (GAERS), the animal model of absence epilepsy, is a strain in which hippocampal 
neurogenesis has not yet been investigated. Since the age of animals is one of the determinant 
features on neurogenesis, we used both 21-day- and 3-month-old rats from GAERS and Wistar 
control rats. 
In the present study, we questioned whether newly born neural cells form synapses with 
GABAergic and glutamatergic structures and thus integrate into the local circuitry. For this 
purpose, brain tissues were obtained after intracardiac perfusion fixation and 300 µm-thick 



coronal vibratome sections were collected. DG regions were dissected from the sections and 
processed for electron microscopic assessments. For immunocytochemical investigations, 
ultrathin sections were obtained by using an ultramicrotome and double-labeled either for 
doublecortin (DCX), as a marker of immature neurons, and GABA or DCX and vesicular 
glutamate transporter 1 (VGLUT-1) using postembedding immunogold method. Labeled sections 
were photographed on a transmission electron microscope. NIH Image Analysis (Image J) was 
used for the quantitative analysis. One-way anova and Tukey tests were used for the statistical 
analysis. 
In all groups, DCX was seen co-localized with both GABA or VGLUT-1 in axon terminals, 
dendrites and somata. We observed that newly born DCX-positive neurons synapsed not only 
with GABAergic or glutamatergic profiles but also with DCX-positive cells. While DCX-
positive profiles including GABA showed a tendency to increase in 21-day-old groups compared 
to 3-month-old groups; profiles double-labeled for DCX and VGLUT1 showed an increase in 3-
month-old groups compared to 21-day-old groups. Besides, DCX labeling was significantly 
increased in profiles forming asymmetrical synapses compared to those forming symmetrical 
synapses. 
In conclusion, our findings in the present study suggest that newly born DCX immunoreactive 
neurons synapse with GABAergic and glutamatergic neurons and thus contribute to the local 
hippocampal circuitry in absence epileptic immature and adult rats. 
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Abstract: Sudden death is one of the most common causes of death in Dravet Syndrome (DS) 
patients with refractory epilepsy. The mechanism is still undefined. In a DS mouse model with 
an Scn1aR1407X/+ mutation, death occurs after spontaneous or induced seizures. Experiments on 
DS mice have shown that postictal death after induced seizures is due to bradycardia and 
asystole [Kalume et al, 2013]. Postictal bradycardia and death can be prevented in DS mice with 
atropine, suggesting the mechanism involves excessive vagal tone. However, postictal breathing 
has not been measured during experiments in DS mice, so it is unknown if respiratory 
dysfunction contributes to postictal death. Here we studied mice with an Scn1aR1407X/+ mutation 
to determine the role of respiratory dysfunction in postictal death after spontaneous and heat-
induced seizures.Spontaneous and induced seizures were monitored in a mouse EMU while 
recording EEG, EMG, EKG, whole body plethysmography (breathing), body temperature, room 
temperature, and humidity. To induce seizures by hyperthermia, DS mice were exposed to a heat 
lamp to cause a continuous increase in body temperature to 43° C. To study death after 
spontaneous seizures, DS mice were continuously monitored in a mouse EMU for 24 hours per 
day until postictal sudden death spontaneously occurred. In a separate set of experiment mice 
was exposure to hypoxia in a plethysmography chamber changing gases from 21%O2 to 100% 
N2, while monitoring EKG and breathing. 
When the last tonic spontaneous or induced seizures occurred, mice invariably had apnea 
followed by death. When terminal apnea occurred, EKG activity continued for 3-5 minutes with 
progressively worsening bradycardia followed by asystole. Death could be prevented after heat 
induced seizures by mechanical ventilation. Bradycardia and death could also be prevented with 
1 mg/kg atropine, but at that dose seizures were not followed by apnea. Two days later, the same 
atropine dose did not prevent apnea, bradycardia or death. Atropine given at a dose of 0.03 
mg/kg, which is sufficient to block peripheral muscarinic receptors, did not prevent apnea, 
bradycardia or death. Exposure of wild-type mice to anoxia led to progressive bradycardia that 
was not prevented by 1 mg/kg atropine. 
We conclude that primary respiratory arrest can play an important role in death due to 
spontaneous and induced seizures in DS mice with a Scn1aR1407X/+ mutation. Bradycardia and 
asystole were due to hypoxia resulting from the apnea, and not due to parasympathetic inhibition 
of the heart. These data may lead to an understanding of SUDEP mechanisms in DS patients, as 
well as shed light on possible therapeutic approaches to prevent SUDEP. 
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Abstract: Epileptic encephalopathies are severe neurological disorders characterized by 
multiform and intractable seizures and cognitive and behavioral deficits. For example, West 
Syndrome patients have infantile spasms that generally begin in the first year and about one half 
of patients will have other seizure types including partial, myoclonic, tonic, and tonic-clonic 
seizures. EEGs have a hypsarrhythmia pattern. We have made a knock-in mouse model of a WS-
associated mutation in the β3 subunit of the GABAA receptowr, GABRB3(N110D). We have 
previously shown that GABRB3(N110D) produces abnormal GABA currents in HEK293T cells, 
however surface expression of mutant-containing receptors remains unchanged. This suggests 
that trafficking of mutant receptors is not impaired, but the receptors do not function properly. 
Animals expressing the mutation have spontaneous seizures, including tonic-clonic, myoclonic 
and tonic jerks, head and forelimb “jerks” followed by brief periods of immobility. 
Electroencephalographic recordings of Gabrb3+/N110D mice with video-synchronized EEGs for 24 
hour periods has shown multiform changes. The characterization of this mouse model of an 
epileptic encephalopathy aims to uncover behavioral mechanisms underlying the disease in order 
to better identify alternative interventions for patients with WS. 
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Abstract: The Lennox-Gastaut syndrome (LGS) is a rare but catastrophic childhood epilepsy 
with an early onset, multiple seizure types, a characteristic electroencephalogram (EEG) pattern, 
motor delays and neuropsychiatric disorders. Most patients have intractable seizures. The cause 
of LGS remains unknown for about a third of the patients, and currently there are no animal 
models to study the disease pathogenesis. We have generated a mouse harboring the LGS-
associated GABRB3(D120N) mutation to address this need. Our in vitro studies demonstrated 
that the GABRB3(D120N) mutation markedly reduced GABA-evoked currents by reducing 
GABA potency but not the surface levels of GABAA receptors, altered single channel properties, 
and perturbed the GABA binding site (Janve et al. 2016). The mice with the GABRB3(D120N) 
mutation had multiple types of spontaneous seizures including typical absences, atypical 
absences (characteristic of LGS), head drops, Straub tail, and tonic seizures. Here we report the 
results from the synchronous electroencephalography (EEG)-electromyography (EMG)-video 
monitoring of freely moving mice (4-6 months old), carried out for ~24 hours. Our preliminary 
findings show that compared to C57Bl/6 control mice the mutant mice had significantly 
increased number of typical absence seizures (peak 4-6 Hz), and atypical absence seizures (peak 
2-3 Hz) associated with behavioral arrest, especially during the light period (inactive time for 
mice). The typical and atypical absence seizures lasted for less than 10s and greater than 100s, 
respectively. Several head drop events were also accompanied during typical and atypical 
absence seizures. The mutant mice also had hundreds of rearing events during the dark period 
(active time for mice), along with repetitive movements in circles around the edge of the cage. 
These results indicate that the mice harboring the GABRB3(D120N) mutation could be a valuable 
model for studying LGS. 
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abnormalities in mice 
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Abstract: Lennox-Gastaut Syndrome (LGS) is an epileptic encephalopathy, a severe form of 
epilepsy, which is often intractable and characterized by early childhood onset (age 1-8), an 
abnormal electroencephalogram (EEG), and a broad range of seizure types. Additionally, it is 
often accompanied by several comorbidities, including attention deficit hyperactive disorder, 
severe intellectual impairment, and other abnormal behaviors. A de novo mutation, 
GABRB3+/D120N, was identified in a patient with LGS. The D120N mutation is in the β3 subunit 
of the γ-aminobutyric acid type-A receptor (GABAAR), and is specifically located near the 
GABA binding pocket formed by this subunit. After initial in vitro evidence that D120N impairs 
GABAAR function, we generated a knock-in mouse containing the mutation. We hypothesized 
that this animal would not only have a similar seizure phenotype to the patient condition, but that 
the animal would have similar behavioral abnormalities as can be seen in both LGS patients and 
in the D120N patient specifically. The work presented here is a suite of behavioral tests aiming 
to compare the D120N mouse and human LGS. We have performed preliminary tests which 
have revealed abnormalities in anxiety, hyperactivity, and cognitive ability in the D120N mice. 
We hope that sufficient parallels may be drawn between the D120N mouse and LGS such that 
this animal might serve as a model for this disorder, allowing us to further investigate 
mechanisms underlying the disorder and potentially identify novel or modified treatment options 
for patients with LGS. 
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Title: Early life febrile seizures worsens epilepsy and behavioral phenotypes in adult GEFS+ 
mutants 
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Abstract: Mutations in the voltage gated sodium channel (VGSC) gene SCN1A, which encodes 
the alpha subunit of the Nav1.1 VGSC, are responsible for a number of epilepsy disorders 
including genetic epilepsy with febrile seizures plus (GEFS+) and Dravet Syndrome (DS). A 
common feature of patients with SCN1A mutations is the frequent occurrence of early-life febrile 
seizures (FSs). The presentation of FSs in this patient population is often more prolonged and 
severe than typically observed, raising the possibility that these early life events may influence 
epileptogenesis. To gain a better understanding of this relationship, we first investigated whether 
prolonged early-life FSs influence adult seizures phenotypes. To achieve this, we developed two 
paradigms; one modeling a single prolonged FS, and the other modeling repetitive FSs. Mice 
subjected to each were evaluated for seizure susceptibility and spontaneous seizure frequency at 
2 - 7 months periods post FS induction. Of important clinical relevance, we found that early-life 
prolonged FSs reduces seizure thresholds and increases the frequency of spontaneous seizures 
during adulthood. In addition, the early-life FSs resulted in hyperactivity and impairments in 
social behavior and recognition memory during adulthood. Lastly, we determined the possible 
contribution of neuroinflammation to these behaviors by tracking expression of 84 genes 6-hrs 
after exposure to the early-life FSs paradigm. Findings from this study highlight the long-term 
negative impact of early-life FSs on disease outcomes in this patient population and the need for 
therapeutic interventions that could ameliorate disease progression. 
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Title: Cas9-targeted KCNQ5 KO creates a mouse model for late-onset epilepsy 
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Abstract: The mammalian KCNQ (Kv7) gene family encodes voltage-gated K+ channel 
subunits that assemble in homomeric and heteromeric combinations to conduct M-currents, in 
association with a family of single-transmembrane accessory subunits (KCNE1-5). Four of the 5 
members of the KCNQ gene family are linked to human hereditary channelopathies affecting 
cardiac, brain and auditory function, with the conspicuous exception of KCNQ5. Amongst the 
KCNQ genes, KCNQ5 uniquely expresses in both CNS and muscles, including vascular smooth 
muscles. We now report a mouse model for late-onset epilepsy caused by Cas9-targeted 
knockout of KCNQ5. Cas9/sgRNA was constructed to target a PAM site in exon 5 which 
encodes the extracellular turret domain 5’ of the P-selective filter. Hybrid Black Swiss-
C57BL/6J ES cells were transfected, and one ES clone carrying two independent biallelic 
deletions was selected for blastocyst injections. These targeted deletions resulted in frameshift 
mutations truncating the predicted channel protein within the turret domain. Both deletions thus 
likely result in loss of function selective for KCNQ5 homomeric channels, in contrast to a 
previously created dominant-negative KCNQ5 mouse line (T. Jentsch Lab) which may also 
inactivate heteromeric channels, since heteromerization association domains encoded in the 
cytosolic C-terminal domain are absent in our lines. Founder mice were recovered and bred to 
create homozygous lines for each of the two KCNQ5 deletional KOs. Homozygous KCNQ5 
KOs are viable, but exhibit reduced fecundity and overt behavioral seizures beginning at mature 
adult ages (>P150). Seizures were observed with mild stressors such as cage changing, and 
manifested as both tonic clonic convulsions and absence-type behavioral arrests. Extended 
video/cortical EEG recordings from mature KCNQ5 KO animals revealed abnormal baseline 
high frequency activity and numerous interictal spikes. Propensity for abnormal EEG activities 
was increased following acute sleep deprivation. KCNQ5 KO animals also exhibited thermal 
seizures when their body temperatures were elevated to 40o, indicative of susceptibility to febrile 
seizures. In addition, younger adults (~P50) were hyperactive by open-field assays. Taken 
together, these observations suggest that KCNQ5 is a significant new mammalian susceptibility 
gene for epilepsy. 
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Abstract: Several mutations causally linked to epilepsy have been identified in genes coding for 
ion channels and/or involved in neuronal development and synaptic transmission. An array of 
mutations in the Syn genes in human has been associated with epilepsy and/or autism spectrum 
disorders, diseases that display a frequent comorbidity. Although a plethora of drugs for the 
treatment of epilepsy are available, the disease cannot be adequately controlled in a relevant 
percentage of patients. Here, we report that the eEF2K/eEF2 pathway is essential for regulating 
excitation/inhibition balance in hippocampal circuits. We found that loss of eEF2K increased 
GABAergic synaptic transmission while up-regulating a defined subset of synaptic proteins. 
Because pharmacological or genetic inhibition of eEF2K can revert susceptibility to seizure in 
the Synapsin I knockout mice, we suggest that eEF2K is a potential novel target for antiepileptic 
drugs. 
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Abstract: Munc18-1 controls neurotransmitter release by regulating the SNARE protein 
syntaxin-1. Mutations in Munc18-1 are associated with Ohtahara, West, and Dravet syndromes, 
three devastating infantile epileptic encephalopathies. However, the mechanistic relationship 
between Munc18-1 mutations and these diseases is unknown. We aim to determine how 
mutations in Munc18-1 cause neuronal dysfunction. We hypothesize that these disease-related 
mutations cause defects in its folding, stability and localization, which subsequently impair 
syntaxin-1 and synapse function. Stability and turnover of Munc18-1 mutants were analyzed in 
transfected N2a cells via cycloheximide chase experiments. Solubility profiling, limited 
proteolysis, and immunocytochemistry were used to assess aggregation of Munc18-1 mutants. 
Syntaxin-1 stability, turnover, aggregation, and subcellular localization were assessed by the 
same paradigms used for Munc18-1. We found that Munc18-1 mutants are unstable and are 
turned over faster than wild-type Munc18-1. Mutants also demonstrated aggregation and 
decreased solubility. The reduction in Munc18-1 levels triggered a corresponding decrease in 
syntaxin-1 levels and stability, suggesting a loss-of-function disease mechanism of both 
Munc18-1 and syntaxin-1. To analyze the effect of Munc18-1 mutants on synapse function in 
vivo, we generated transgenic C. elegans strains overexpressing wild-type unc18 or the G544D 
mutant on an unc18 null background, and quantified the ability of these overexpressions to 
rescue the unc18 null phenotype by locomotion, heat shock, and aldicarb assays. Wild-type 
unc18 but not the G544D mutant ameliorated the synaptic defects in unc18 null worms. GFP-
tagged wild-type unc18 showed diffuse somatic and axonal distribution while the G544D mutant 
aggregated. Overall, this work provides insight into the basic pathobiology of mutant Munc18-1 
by demonstrating its instability, tendency to aggregate and impaired interaction with syntaxin-1 
in vitro, as well as its profound mislocalization and failure to rescue synaptic function in vivo. 
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Title: Repeated seizures drive hippocampal amyloid plaque deposition and memory impairment 
in a transgenic mouse model of Alzheimer's disease 
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Abstract: Chronic temporal lobe epilepsy (TLE) involves prominent and progressive sclerosis 
and atrophy of the mesial temporal lobe which is thought to contribute to epileptogenesis. Given 
that amyloid-β (Aβ) is synaptically released in an activity-dependent manner, we hypothesized 
that seizures promote the generation and accumulation of β-amyloid. These deposits of 
potentially toxic Aβ aggregates might establish foci of neurodegeneration in the temporal lobe, 
leading to sclerosis and degeneration in these key areas, and thus contributing to the 
pathogenesis of TLE. To enhance the deposition of Aβ released by excessive electrical activity, 
here we chose to study the effect of seizures in 5XFAD transgenic mice, which harbor transgenes 
for five human familial AD (presenilin and amyloid precursor protein) mutations. Mice were 
implanted with unilateral hippocampal electrodes and received no stimulation (sham group; n = 
14) or 60Hz kindling stimulation to elicit 21 hippocampal seizures (seizure group; n = 14) 
between the ages of P30 and P60 prior to perfusion and tissue collection at P61. Because we 
previously found that hypoxia occurs after seizure induction, and that this effect is COX-2 
dependent and can be prevented with acetaminophen, we also treated half of the mice in each 
group with acetaminophen to examine the role of concomitant hypoxia in Aβ deposition. 
Amyloid deposition was assessed microscopically using tissue sections stained with the 
fluorescent amyloid probe X-34. Results: Seizure duration and severity (Racine scale) did not 
differ between vehicle- and acetaminophen-treated mice. Sham (seizure-free) control mice 
showed no amyloid deposition in the hippocampi at P61. In contrast, mice subjected to unilateral 
stimulation exhibited marked bilateral amyloid deposition in both hippocampi, and novel object 
recognition testing revealed significant memory impairment in this group. Acetaminophen 
prevented hippocampal hypoxia and memory impairment, and partially reduced amyloid 
deposition, indicating a significant contribution of hypoxia to the seizure-induced hippocampal 
amyloidosis. Conclusion: Seizure-related electrical hyperactivity promotes significant 
hippocampal amyloid deposition in the 5XFAD transgenic mouse. While this strain was 
deliberately chosen to exaggerate plaque generation, reports of AD-like amyloid pathology in 
human TLE raise the possibility that chronic (possibly subclinical) seizure activity promotes 
potentially toxic amyloid deposition that contributes to the pathogenesis of TLE. 

Disclosures:  J.S. Sparling: None. J.S. Farrell: None. K. Addo-Osafo: None. G.C. Teskey: 
None. P.K. Stys: None. 



Poster 

689. Epilepsy: Genetics and Genetic Models 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 689.12/K3 

Topic: B.11. Epilepsy 

Support: NIH Grant R01 NS082343 to PBC 

 CURE award 30018775 to PBC 

Title: mTOR-dependent changes in cellular morphology following GATOR complex subunit 
knockdown: novel insights into DEPDC5 and NPRL3 associated cortical malformation 

Authors: *P. H. IFFLAND, M. BAYBIS, P. B. CRINO;  
Lewis Katz Sch. of Med. Temple Univ., Philadelphia, PA 

Abstract: Malformations of cortical development (MCD) are common causes of neurological 
deficits in children including seizures and intellectual disability. Recent studies have found loss-
of-function mutations in genes encoding the DEPDC5 and NPRL3 subunits of the mTOR 
regulatory complex GATOR 1. These mutations have been linked to various MCD-subtypes 
associated with seizures. However, the cellular consequences of these mutations remain 
undefined. We hypothesize that knockdown (KD) of DEPDC5 or NPRL3 leads to enhanced cell 
size, altered cell polarity, and altered subcellular localization of mTOR. 
Multiple cells lines, including HEK 293FT, N2A and mouse neural progenitor cells (mNPCs) 
were used to define the morphological consequences of shRNA KD of DEPDC5 or NPRL3 
compared to control scramble shRNA construct. Cell size was assessed by FACS or direct 
measurement of the soma in digital images. Outgrowth of actin labeled filopodia in mNPCs was 
assessed in digital images. The mTOR dependency of DEPDC5 or NPRL3 KD was determined 
using rapamycin (50 nM, 48hrs) or a p70S6 kinase inhibitor (PF-4708671; 1nM, 48 hrs.). 
Functional localization of mTOR to the lysosomal membrane or cytoplasm following DEPDC5 
or NPRL3 KD was determined by immunochemical staining and colocalization analysis 
examining the proximity of mTOR to the lysosomal surface (LAMP 2 staining) with or without 
rapamycin or PF-4708671 treatment. 
HEK 293FT and N2A cells transfected with DEPDC5 or NPRL3 shRNA were larger than 
scramble control or wildtype cells based on FACS analysis (n= 100,000 cells per group). Direct 
measurements of mNPCs revealed a larger soma size in DEPDC5 or NPRL3 KD cells compared 
to scramble control (n= 50; p < 0.05). mNPCs transfected with DEPDC5 or NPRL3 shRNAs 
displayed an increased number of filopodia versus scramble control (n= 50 per group; p < 0.05). 
DEPDC5 or NPRL3 transfected cells treated with rapamycin or PF-4708671 were significantly 
smaller in size as measured by both FACS (N2A and HEK 293FT; n= 100,000) and direct 
measurement (mNPCs, n= 50). There was a higher degree of mTOR and lysosomal protein 



colocalization in KD versus rapamycin treated cells following DEPDC5 or NPRL3 KD in 
mNPCs. As PF-4708671 acts downstream of mTORC1, no change was observed in 
colocalization in treated cells. 
We demonstrate changes in cellular morphology in multiple cell lines after DEPDC5 or NPRL3 
KD. These findings recapitulate what is observed in patients with DEPDC5 or NPRL3 mutations 
and a rat model of DEPDC5 knockout. Further, we have defined the mTOR–dependency of these 
morphological abnormalities, which may provide novel avenues for treatment of MCDs 
associated with GATOR complex subunits. 
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Title: Network dysfunction in Arx expanded mice; developing an insight into a pediatric 
epileptic network. 
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Abstract: ARX is a transcription factor expressed throughout interneuron development. 
Mutations in ARX lead to a range of neurological disorders with epilepsy being common to all 
cases. Little is known about why children with ARX mutations have seizures and developmental 
delays. To address this question, we have utilized an Arx mutant mouse (ArxE) that recapitulates 
some of the human phenotypes. We previously demonstrated aberrations within hippocampal 
interneurons and pyramidal cells as well as local CA1 network dysfunction. To further probe the 
network level dysfunction in ArxE mice we recording neuronal activity using in-situ multi 
electrode array (MEA) and in vivo multi-unit recordings. 
Post-natal day (P)30 to P52,ArxE mice and age matched WT littermates, both on a Bl6 
background were employed. For MEA recordings, 350 µm Hippocampal-entorhinal cortical 
slices were prepared using Leica Vibratome in aCSF with 192mM sucrose and then incubated at 
37°C in a water bath for 45 min and then equilibrated to room temp for 1 hr in recording aCSF. 
The slices were then transferred to the MEA (Multi Channel Systems) recording system that 
spans the hippocampus. 15 min of baseline gap-free data was collected, followed by an IO 



stimulus protocol and finally a repetitive stimulus protocol (2s, 60Hz train, 100µs pulse width 
with 10min intervals repeated 3x’s). For in vivo recordings in house made 25um tetrode bundles 
were placed into CA1, CA3 regions in the hippocampus using a microdrive. Unit activity was 
recorded and analyzed using DataWave Software. Finally, immunohistochemistry was 
performed using NeuN and Delta FosB. 
MEA recordings demonstrated increased unit firing and ictal discharges in ArxE mice in the CA3 
region compared to controls while CA1 is hypo-excitable, with reduced unit firing and fewer 
ictal discharges. Further analysis of I/O curves is pending. In vivo multi-unit recording was 
performed to determine if the changes in network level activity in the slice are present in vivo. 
Lastly, our histological studies demonstrate no changes in neuronal numbers in CA1 (NueN 
staining) with paradoxical hyperactivation of CA1 compared to CA3 as determined by an 
increase in Delta FosB activity. 
First, we confirm our previous studies showing hypoexcitability in CA1 using a different 
approach to record network activity. The MEA results demonstrate local network dysfunction, 
which is also confirmed with delta FosB staining. The dynamic alterations in activity in CA3 and 
CA1 lead to the epileptic phenotype in these ArxE mice. By highlighting regions of dysfunction 
in the ARX mice we can begin to consider targeted approaches to restoring normal function. 
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Abstract: There are two members of the sodium-activated potassium (KNa) channel family- 
KCNT1 (SLACK) and KCNT2 (SLICK), which exhibit similarities in sequence and structure yet 
displaying distinct expression patterns, function and regulation throughout the central and 
peripheral nervous systems. Several mutations of the KCNT1 gene have been recently described 
as causal to epileptic disorders, almost universally associated with cognitive impairments. 
Predominantly, these variants have been shown to be gain-of-function mutations. We report the 
first identification of a KCNT2 channel variant associated with an epileptic encephalopathy 
phenotype. We have identified a de novo heterozygous missense mutation at Phe240Leu in the 
pore region of KCNT2 in a patient with severe epileptic encephalopathy. Electrophysiological 
studies were performed in recombinant mammalian cell systems and in Xenopus Laevis oocytes 
to characterize the phenotypic consequences of this mutation to understand its role in 
pathogenicity. First, the Phe240Leu mutation appears to behave as a gain-of-function mutation, 
wherein the Phe240Leu KCNT2 channels exhibit significantly higher currents compared to Wild 
Type (WT) KCNT2, in the case of both rat Kcnt2 channels recorded in CHO cells and human 
KCNT2 channels recorded in Xenopus oocytes. We demonstrate that the gain-of-function is in 
fact the result of constitutive activation of channels. Second and more significantly, the 
Phe240Leu mutation appears to produce a ‘change-of-function’ in the channel, in that mutant 
KCNT2 channels demonstrate a pronounced rightward shift in reversal potential (towards ENa) as 
would be the case for non-selective cation channels. These indicate that the Phe240Leu mutation 
results in a sodium-permissive conductance compared to predominantly potassium-selective WT 
KCNT2 conductances. Examining surface expression of the channels in Xenopus oocytes using 
membrane biotinylation assays revealed that Phe240Leu KCNT2 channels are significantly 
lower at the membrane as compared to WT channels, suggesting that mutated channels may be 
subject to misfolding and are targeted for degradation or undergo reduced trafficking to the 
membrane. Taken together, our results identify a change-of-function Phe240Leu KCNT2 
mutation to be the first description of altered selectivity of KCNT2 channels, and indeed of KNa 
channels. Of clinical importance, the above described findings are evidence to establish 
pathogenicity of the Phe240Leu Slick mutation in the reported epileptic encephalopathy patient. 
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Title: Loss-of-function effects of PRRT2 mutations lead to neuronal dysfunction and 
neurodevelopmental defects 
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Abstract: Mutations in PRRT2 (proline-rich transmembrane protein 2) cause a wide spectrum of 
neurological diseases, ranging from paroxysmal dyskinesia to epilepsy and mental retardation. 
Previous in vitro studies suggested that PRRT2 interacts with SNAP25 (synaptosomal-associated 
protein, 25kD) and may be involved in neurotransmitter release at the synapses. However, it is 
still not fully understood how mutant PRRT2 causes pathological effects on the nervous system 
in vivo. Using synaptic membrane fractionation and immunostaining techniques, we first showed 
that Prrt2 was localized at the pre- and post-synaptic membranes with a close spatial association 
with SNAP25 in rat neurons. We then examined the subcellular localization of six truncating 
PRRT2 mutations identified in our Taiwanese patients of paroxysmal kinesigenic dyskinesia 
(PKD) and found that these mutant proteins accumulated in the cytoplasm and thus failed to 
target to the cell membrane. We also found that the R308C missense mutant protein had 
significantly reduced expression regardless of its correct localization at the plasma membrane. 
These results suggested loss-of-function effects generated by these mutations. To test the 
pathological effects of PRRT2 loss-of-function in vivo, we used in utero electroporation of Prrt2 
shRNA to knock down Prrt2 expression in the neocortex of mouse embryos. Surprisingly, Prrt2 
knockdown in cortical neurons led to delayed neuronal migration, demonstrating a novel role of 
PRRT2 in embryonic neural development. We further utilized two-photon microscopy to 
investigate the effects of Prrt2 knockdown on synapses of GFP-labeled neurons in vivo and 



found a marked decrease in the density of dendritic spines in the brain at adolescence. In 
conclusion, our study using advanced in vivo techniques uncovered a novel mechanism whereby 
PRRT2 loss-of-function caused by altered subcellular localization and/or decreased expression 
leads to abnormal neuronal migration and synaptic development. These defects in turn results in 
the severe neurological symptoms in PRRT2-related diseases. 
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Abstract: CACNA1A loss-of-function mutations result in cerebellar ataxia and epilepsy in 
humans. We previously showed that the pre-natal deletion of Cacna1a in the Nkx2.1Cre; 
Cacna1ac/c mutant mice, causing the ablation of voltage-gated CaV2.1 Ca2+ channels in forebrain 
GABAergic interneurons (IN), results in synaptic impairment of parvalbumin (PV) fast-spiking 
basket cells and induces generalized epilepsy. As CACNA1A mutation-associated epilepsy 
improves with age in patients, we propose that specific compensatory mechanisms may occur 
that, in the face of cortical disinhibition, re-establish the inhibition/excitation balance with time. 
We generated conditional mutant mice carrying a post-natal deletion of Cacna1a in PV+ 
neuronal populations (PVCre;Cacna1ac/c). PVCre;Cacna1ac/c mutant mice develop cerebellar 
ataxia and a mild epileptic phenotype with spike-wave seizures after postnatal day 45 (P45). We 
show a comparable reduction of GABAergic perisomatic boutons on cortical PC and a similar 
impairment of synaptic release from PV-INs in paired-recordings in both pre-natal (Nkx2.1Cre) 



and post-natal (PVCre) mutants, suggesting that both mutant lines develop a significant 
impairment of perisomatic inhibition. However, surprisingly, PVCre;Cacna1ac/c mutants 
displayed a two-fold increase in the frequency of miniature inhibitory synaptic currents (mIPSC) 
in cortical pyramidal cells (PC) at P60, whereas these events were unchanged in Nkx2.1Cre; 
Cacna1ac/c mutants at P20, suggesting that age-dependent compensatory plasticity changes in 
GABAergic circuits occur in the PVCre;Cacna1ac/c mutant mice. In particular, we demonstrate a 
significant increase of functional dendrite-targeting GABAergic projections from somatostatin 
(SOM) INs in PVCre;Cacna1ac/c mutants, using a combination of paired-recordings, 
immunostaining and two-photon imaging. Therefore, we propose that, in the face of altered PV-
INs synaptic function, progressive reorganization of dendritic inhibition, including synaptic 
connectivity of SOM-INs, restricts cortical excitability and lessens seizure severity in PVCre; 
Cacna1ac/c mutants. A similar phenomenon has recently been described in chronic post-status 
epilepticus epilepsy models suggesting that this is a common phenomenon in genetic and non-
genetic forms of chronic epilepsy. 
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Abstract: Developmental delay and intellectual disabilities (DD/ID) include devastating 
phenotypes and comprise a large fraction of rare undiagnosed conditions in children. 



Unfortunately, little is known about the cellular mechanisms that lead to disease, and as a 
consequence, therapeutic advancements have suffered. Previous studies have indicated a strong 
genetic component to these phenotypes, and successful identification of causal genetic variants 
through exome or whole genome sequencing sometimes leads to clinical diagnoses, revision of 
treatment strategies, community and support network building, and increased quality of life. 
However, sequencing-based diagnostic efforts typically solve only a subset of cases; while 
precise numbers vary according to ascertainment and study enrollment criteria, large fractions of 
children cannot be given a precise genetic diagnosis even after whole genome sequencing. In our 
own work as part of the Clinical Sequencing Exploratory Research consortium, we have found 
diagnostic genetic variants in ~27% of children with conditions refractory to standard diagnostic 
tests. Rigorous experimental evaluation of variants and genes implicated in DD/ID is needed to 
increase diagnostic rate, particularly for the subset of the undiagnosed cases where a potential 
genetic cause is identified but not confirmed, termed to be variants of uncertain significance 
(VUSs). VUSs typically arise as a result of a lack of information about the relevance (or lack 
thereof) of a given gene to disease, the impact (or lack thereof) of a given variant on gene 
function, or both. In our studies to date, ~15% of affected children harbor a VUS, and others 
harbor variants that may be of interest, but are non-returnable even as a VUS. We are developing 
a pipeline to assess the effect of VUSs and non-returnable variants in human neurons derived 
from neural precursor cells. We have tailored the design of this pipeline to detect changes in 
excitability, as ~50% of our patient population exhibits seizures. This pipeline will provide 
evidence for or against the association of these sequence variants on key molecular and cellular 
phenotypes including global gene expression, neuronal excitability, and synapse and/or ion 
channel composition profile. Thus, this pipeline will provide critical insights regarding the 
biological roles of genes and variants associated with DD/ID and, more broadly, will establish a 
framework for future mechanistic interrogation of genetic variation as it relates to other 
neurologic diseases. 
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Abstract: A new mouse mutant - Nmf389 - was identified in the former Neuroscience 
Mutagenesis Facility (NMF) of The Jackson Laboratory. Homozygous adults have a significantly 
reduced electroconvulsive threshold, often bypassing the minimal generalized seizure endpoint 
to maximal tonic-clonic seizures at low stimulus settings. Heterozygotes have a modestly 
reduced electroconvulsive threshold, but are not especially susceptible to pentylenetetrazole- or 
kainate-induced tonic-clonic seizures, although some homozygotes have been observed to 
exhibit handling-associated tonic-clonic seizures later in life. The recessive electroconvulsive 
phenotype was mapped to Chr 17, and whole brain RNA sequencing was used to identify a 
single nucleotide mutation in the Tmem151b gene, encoding an anonymous, putative 2-
transmembrane domain containing protein of unknown function. The Nmf389 mutation created a 
new splice acceptor site 42 nt in exon 3, used by all Tmem151b mRNA, corresponding to an in-
frame deletion of 14 amino acids. Confirming candidacy, the Tmem151b knockout allele (from 
the NIH KOMP program) conferred a similarly low seizure threshold and did not complement 
the low seizure threshold of Nmf389. While further phenotypic assessment of knockout 
homozygotes identified no interictal EEG abnormalities or other overt phenotypes, 
comprehensive behavior profiling revealed homozygotes to be more hyperactive than wildtype 
littermates with a suggestion of anxiolytic-like behavior. Grossly the brain histology was normal, 
except for patchy H&E staining in the molecular areas of the hippocampus, between CA1 and 
dentate gyrus. Confocal imaging of Tmem151b homozygous, YFP-H transgenic mice revealed 
abnormal dendritic branching, currently under further examination. Although we were 
unsuccessful with commercial antisera, synthetic epitope-tagged wildtype or mutant Nmf389 
cDNA showed localization to the endoplasmic reticulum when expressed heterologously in 
COS-7 cells. In summary, although the biological function of Tmem151b or role in neurological 
disease of the highly-conserved human orthologue (Chr 6p 21.1) is unknown, its significant loss 
of function effect on electroconvulsive threshold and other behaviors in mice suggests 
TMEM151B as a novel ER protein involved in brain development or function. 
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Title: Neuronal hyperexcitability and seizure-like motor pattern generation arising from the 
Shaker Wings-Down mutation in the Drosophila sodium channel gene paralytic 
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Abstract: Mutations in genes encoding voltage-gated sodium (NaV), potassium (KV), and 
calcium (CaV) channels are associated with a variety of heritable epilepsy syndromes. In this 
report, we present a novel hyperexcitable mutant, Shaker-wings-down (Swd) that displays severe 
ether-induced shaking and convulsions. We mapped Swd, to a single non-polar amino acid 
substitution in the D3-S4 voltage sensor of paralytic, the only gene encoding Nav channels in 
Drosophila. At the larval neuromuscular junction (NMJ), we found extreme excitability 
indicated by aberrant spontaneous firing in motor axons reminiscent of the KV double mutant eag 
Sh, but normal synaptic transmission properties. Although spontaneous firing is abolished by 
TTX in both mutants, electrotonic stimulation of eag Sh nerve terminals results in large and 
sustained neurotransmitter release. In contrast, electrotonically evoked neurotransmitter release 
in Swd was similar to WT in terms of size and time course. 
The observed neuronal hyperexcitability in Swd led to uncoordinated walking, abnormal motor 
program outputs, and aberrant spike discharges across the nervous system. Consistent with the 
observations at the larval NMJ, recordings of adult flight muscle revealed ectopic firing. This 
spontaneous activity consisted of rhythmic firing (8 Hz) punctuated by brief bursts exceeding 
100 Hz. Interestingly, we observed a high degree of bilateral coordination between burst 
discharges, suggesting a central origin of these seizure-like events. 
To demonstrate that the entire functional consequences, from neuronal hyperexcitabilty to 
seizure behavior, arose from a single amino acid substitution in the NaV channel mutation, we 
adopted a CRISPR-based genome editing strategy. The characteristic behavioral and 
electrophysiological phenotypes of the Swd mutation is recapitulated by CRISPR genome editing 
of the same amino acid replacement. This rules out contributions from unknown genetic 
background effects and defines a neomorphic mutation of the paralytic NaV channel gene that 
results in a unique hyperexcitability phenotype. Together, these findings represent a potentially 



important mechanism within the NaV channel that leads to specific neuronal hyperexcitability 
and neural circuit dysfunction as delineated by the Swd mutation. 
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Abstract: Here, we define the microscopic features of Lafora Bodies (LfBs), emphasizing the 
histologic profile and the extra- and intraneuronal distribution of LBs. We provide strong 
evidence to support a putative tropism between Type I LfBs and blood vessels, which cross the 
vascular wall and become intraluminal particles, ready to be taken away by the blood flow. 
Moreover, the presence of vascular hyperplasia in several parts of the brain of the Lafora mice, 
especially in the ventral pons, suggests that hyperplasia is a response to the high metabolic 
activity. We also observed thickening and darkening of neurofilamentous elements of the 
cytoskeleton in the external ring of type II LfBs. This finding establishes a potential relation 
between type II LfBs and the neurocytoskeleton. Persistence of the circular pattern shown by the 
type II LfBs allows us to say that these intracytoplasmic inclusions are spherical. Detailed 
neuropile microscopic scrutiny in which type II LfBs are present lead us to discover a 
morphological sequence that suggests the transformation of some type I LfBs into type II LfBs. 



This process involves a dynamic 3D mechanism that transforms an amorphic, uniformly stained 
inclusion into a delicate and organized intrasomatic type II LfB. The vascular hyperplasia could 
be related to an tropism. Finally, how and why do type I LfBs penetrate these vessels and what is 
their destination? Is this a natural way for getting rid of these inclusions? Is it possible to 
enhance this mechanism for the clinical improvement of Lafora Disease patients? 
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Abstract: Previous studies have linked Early Infantile Epileptic Encephalopathy type 5 (EIEE5) 
with de novo mutations in Spectrin Alpha Non-Erythrocytic 1 (SPTAN1). These earlier studies 
suggest that EIEE5 is a result of mutations that are dominant-negative in nature. The aim of our 
study was to understand the etiology of disease seen in two additional patients diagnosed via 
Whole Exome Analysis for de novo mutations in SPTAN1 who have severe neurological 
phenotypes but who do not have seizures. The first of these two cases is a 13-year-old Caucasian 
male who is heterozygous for a de novo nonsense mutation leading to a protein truncated in exon 
21. He has global microcephaly, intellectual disability, autism spectrum disorder, and 
documented thyroid abnormalities, but he has never had an epileptic episode. The second case is 
a 10-year-old Caucasian male who is heterozygous for a de novo intronic missense mutation that 
results in a premature splice acceptor site and the insertion of five amino acids in the C-terminus 
of this protein. He has cerebellar and brain stem hypoplasia on MRI, hypothyroidism, intellectual 
disability, hypotonia, ataxia, autism spectrum disorder, and ADHD, but no epilepsy. The 
neuroanatomy of patient two is more similar to patients previously described in the literature 
except he does not have the hypomyelination seen in other patients. The second patient also has a 
more severe phenotype than the first patient described here, although less severe than those with 



EIEE5. Multiplexing digital PCR assays were designed to detect both mutant and wild type 
alleles, specific for each patient at the site of their mutations. Assays were performed on 
fibroblast cDNA from cultured patient skin biopsy samples. Results of these assays indicate 
significant down regulation of wild type and mutant SPTAN1 allele expression in both patient 
cell lines, suggesting haploinsufficiency may be an alternative etiology, or an additional factor 
important for understanding disease caused by SPTAN1 mutations. 
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Abstract: More than 1100 different heterozygous epilepsy-associated SCN1A mutations have 
been identified, (Claes et al., 2009) with more than 70% occurring in children with Dravet 
syndrome (DS), a condition characterized by onset of seizures during the first year of life with an 
ensuing epileptic encephalopathy consisting of cognitive, behavioral and motor impairments, 
brain malformations as well as premature death (Scheffer et al., 2001, Dravet et al., 2011, Dravet 
and Oguni, 2013, Brunklaus and Zuberi, 2014). In Dravet syndrome, SCN1A loss-of-function is 
the established molecular mechanism. However, the specific mechanisms explaining how stable 
genetic mutations in human ion channels cause paroxysmal dysfunction and how the early age of 
seizure onset affects neurodevelopment remain to be determined. Recent advances in the 
generation of patient-specific human induced pluripotent stem cells (hiPSCs) have opened the 
door to elucidating human pathogenic mechanisms of genetic disorders such as the epileptic 
channelopathies. Hence, we aimed to establish a developmental timeline of pathogenicity 
associated with SCN1A epileptic channelopathies using hiPSC-derived neurons. We have 
assessed the functional electrophysiological phenotypes of excitatory glutamatergic neurons 
differentiated from stem cells (Zhang et al., 2013) with haploinsufficient SCN1A expression as 
compared to isogenic controls generated through CRISPR/Cas9 gene editing and healthy 
controls. We assessed the trajectory of neuronal differentiation and maturation, using current-



clamp electrophysiology and multi-electrode array technology (MEA; Axion Biosystems), at 
three time-points in differentiation/maturation. Our data suggest that passive properties such as 
RMP and input resistance mature over time in both DS and control neurons. However, in the first 
time point of differentiation there was a significant difference between DS and control neurons 
for both RMP and input resistance. Moreover, active excitability properties such as rheobase and 
fAHP were enhanced in the DS neurons. Patch-clamp results are consistent with MEA network 
activity studies showing enhanced excitability in DS neuronal cultures. These data suggest that a 
haploinsufficiency of SCN1A may have cell autonomous effects on the time course of cortical 
excitatory neuron development leading to enhanced excitability. These important findings help 
establish an alternative developmental approach to childhood epileptic channelopathies and 
propel further research into cell autonomous and non-autonomous effects of SCN1A 
haploinsufficiency. 
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Title: Electrophysiological characterization of two Nav1.2 mutations implicated in epilepsy 

Authors: *E. MASON1, R. PATEL2, Y. XIAO1, T. R. CUMMINS1;  
1Pharmacol. and Toxicology, 2Stark Neurosciences Res. Inst., Indiana Univ., Indianapolis, IN 

Abstract: Mutations in the genes encoding voltage-gated sodium (Nav) channels have been 
implicated in several types of epilepsy, including many mutations in the alpha subunit of Nav1.2, 
a sodium channel isoform found primarily in excitatory cortical neurons. These mutations are 
believed to cause seizures via inducing hyperexcitability and repetitive firing in these neurons. 
We characterized two such arginine-to-glutamine Nav1.2 mutations, R853Q and R1882Q, in 
HEK cells. These mutations affect different regions of the channel structure, so we hypothesized 
that they differentially alter channel function and kinetics. Voltage-clamp studies revealed loss of 
function resulting from the R853Q mutation as evidenced by lower current density, a faster rate 



of inactivation, and a negative shift in the voltage dependence of inactivation compared to wild-
type Nav1.2 channels. This channel mutation also enhanced gating pore currents. These currents, 
generated by ions entering the cell through a gap in the voltage-sensor rather than the central 
pore, provide a gain of function with this mutation. The R1882Q mutant channel exhibited only 
gain-of-function effects, including increased current density, enhanced persistent currents, a 
slower rate of inactivation, and a positive shift in the voltage dependence of inactivation 
compared to the wild-type Nav1.2. This mutation also increased the amplitude of resurgent 
currents induced by a Navβ4 peptide in the intracellular patching solution. These observations 
suggest that the R853Q and R1882Q mutant Nav1.2 channels contribute to the generation of 
epileptic seizures via different gain-of-function mechanisms, and that treatment of epileptic 
patients with these mutations may require different pharmacotherapeutic strategies specifically 
targeting the associated aberrant current activity. 
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Title: Dual and Opposing roles of microRNA-124 in epilepsy are mediated via inflammatory 
and NRSF mediated pathways 
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Abstract: Insult-insult formation of epileptic networks involves multiple mechanisms. 
Intervention studies have identified both dysregulated inflammation and aberrant NRSF/REST 
activity as contributors to epileptogenesis. However, it remains unclear how epilepsy-provoking 
insults (e.g., prolonged seizures) induce both inflammation and NRSF and whether common 
mechanisms exist. Using a high throughput rat model of epileptogenesis we examined miR-124 



as a candidate dual regulator of NRSF and inflammatory pathways. We induced status 
epilepticus (SE) using repeated low dose kainic acid which led to reduced miR-124 expression. 
ChIP analysis revealed that this repression of miR-124 was mediated by SIRT1-and, in turn, 
miR-124 repression-via C/EBPα upregulated NRSF. We then tested whether augmenting miR-
124 after SE would abort epileptogenesis by preventing inflammation and NRSF upregulation. 
Epilepsy development was monitored using 24h video EEG for 2 months. SE-sustaining animals 
developed epilepsy, but supplementing miR-124 did not modify epileptogenesis. Examining this 
result further, we found that synthetic miR-124 not only effectively blocked NRSF upregulation 
and rescued NRSF target genes, but also augmented microglia activation and inflammatory 
cytokines. Thus, miR-124 attenuates epileptogenesis via NRSF while promoting epilepsy via 
inflammation. 
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Abstract: Dysregulation of the mTOR (mammalian target of rapamycin) pathway occurs in 
different types of epilepsy, thus rendering mTOR an interesting target for antiepileptic and 
antiepileptogenic strategies. However, results about the potential benefit of rapamycin are 
controversial, which may be due to poor brain penetration and inhibition of only mTOR-complex 
1 (mTORC1). Newer compounds with improved brain uptake were designed to inhibit both 
mTORC1 and mTORC2 (ATP-competitive mTOR inhibitors) or to additionally block 
phosphoinositide 3-kinase (PI3K), a regulator upstream of the mTOR complexes (dual 
PI3K/mTOR inhibitors). 
The efficacy of rapamycin and the rapalog everolimus was compared to two new compounds 
(Cpd-A and Cpd-B). Cpd-A belongs to the group of ATP-competitive mTOR inhibitors while 



Cpd-B is a dual PI3K/mTOR inhibitor. For evaluation of the anti-seizure effect of these drugs, 
the maximal electroshock seizure threshold test (MEST) was performed in nonepileptic and 
epileptic mice. 
The following aims were pursued: (1) Determination of differences in the anti-seizure properties 
of the drugs; (2) evaluation of the impact of epilepsy on the outcome of drug treatment; (3) 
investigation of the activation of the mTOR pathway in epileptic vs nonepileptic epileptic mice; 
(4) comparison of the inhibitory potency of the test compounds on the mTOR pathway. 
Female NMRI mice were subdivided into two groups. One group underwent pilocarpine induced 
status epilepticus in order to induce development of epilepsy and the other group served as 
nonepileptic control. Different drug dosages and pretreatment times for rapamycin, everolimus, 
Cpd-A, and Cpd-B were tested in the MEST test. For evaluating mTOR activation, the 
phosphorylated ribosomal protein S6 was quantified in the hippocampus using Western blot. 
Difference in mTOR activation was evaluated in nonepileptic versus epileptic mice. For 
comparison of drug effects on mTOR activation, phosphorylated S6 was analyzed in mice treated 
with the most efficacious anti-seizure protocol for each compound determined by MEST test. 
S6 phosphorylation was increased in epileptic mice compared to naïve mice indicating an 
activated mTOR pathway. Unexpectedly we found that drug treatment was more efficient in 
normal compared to epileptic mice in the MEST test. Among all mTOR pathway inhibitors 
tested, the dual PI3K/mTOR inhibitor Cpd-B exhibited the most pronounced anti-seizure effect. 
In both normal and epileptic mice, the two new compounds exhibited the strongest inhibition on 
S6 phosphorylation. This could indicate an advantage in the treatment of epilepsy compared to 
rapamycin or rapalogs such as everolimus. 
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Abstract: Exposure to nerve agents induces numerous symptoms, including benzodiazepine-
resistant seizures within 40 minutes of seizure onset. One hypothesis to explain this resistance is 
that dysfunction of KCC2, a protein that permits GABA’s inhibitory tone by maintaining the Cl- 
gradient, may decrease benzodiazepine efficacy following prolonged seizures. Seizures rapidly 
decrease KCC2 levels, which may increase intracellular Cl- concentrations and reduce GABA-
mediated inhibition. KCC2 function is regulated by phosphorylation at key residues. Importantly, 
phosphorylation of S940 (pS940) increases KCC2 activity, whereas phosphorylation of T906 
(pT906) decreases KCC2 activity. Recently, we showed that soman-induced convulsions are 
associated with time-dependent changes in KCC2 phosphorylation. In the hippocampus, soman-
induced convulsions increased T906 levels at 15 and up to 60 minutes, but did not alter pS940 
levels. In the cortex, soman-induced convulsions increased pT906 and pS940 at 15 minutes; 
however, concentrations of pS940 were equivalent to saline-exposed mice by 60 minutes. Based 
on these results, how pS940 is involved in soman-induced convulsions is unclear. In Experiment 
1, seizure susceptibility in mice lacking the S940A residue (S940A mutant) was increased with 
shorter seizure latency compared to wild type (WT) controls. In Experiment 2, we determined 
the median effective dose (ED50) of diazepam for terminating soman-induced seizures in WT 
mice. Experiment 3 examined diazepam’s ability to terminate seizures in S940A mutant and WT 
mice. Initial evidence suggests that seizure termination latency is higher in S940A mutant 
compared to WT mice, though additional subjects are required to determine if S940A regulates 
diazepam efficacy following soman-induced seizures. Our data suggest that KCC2 reactivation 
may provide a therapeutic strategy for terminating benzodiazepine-resistant seizures. 
Disclaimer: The views expressed in this abstract are those of the author(s) and do not reflect the 
official policy of the department of Army, Department of Defense, or the U.S. government. The 
experiment protocol was approved by the Animal Care and Use Committee at USAMRICD and 
all procedures were conducted in accordance with the principles stated in the guide for the Care 
and Use of Laboratory Animals and the Animal Welfare Act of 1966, as amended. This research 
was supported by an ILIR awarded by USAMRICD. H.M. and L.S. were supported by 
appointments to the Postgraduate Research Participation Program at the USAMRICD 
administered by the Oak Ridge Institute for Science and Education through an interagency 
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Abstract: Normal brain function is critically dependent on maintaining a balance between 
excitation and inhibition. The K+Cl--cotransporter (KCC2) plays an important role in regulating 
intracellular Cl- concentration and thereby in the efficacy of GABAA-receptor mediated 
inhibition. This study characterizes a transgenic mouse in which forebrain-restricted expression 
of KCC2 in pyramidal neurons could be regulated by doxycycline in the diet. Withdrawal of 
doxycycline resulted in marked upregulation of KCC2, with the mRNA distribution confirmed 
using in-situ hybridization and the time course of protein upregulation measured using western 
immunoblotting. Upregulation of KCC2 expression was associated with enhanced KCC2 
membrane transport function, as judged by an increase in NH4

+- mediated fluorescence changes 
measured in hippocampal brain slices loaded with a pH sensitive fluorophore (AM-BCECF). To 
assess the functional consequences of increased KCC2 on neuronal excitability, field potentials 
were recorded from hippocampal CA1 in acute slices. There was no effect on the characteristics 
of orthodromically evoked responses, with similar input-output relationships and paired-pulse 
ratios being observed (p>0.05). There was also no difference in muscimol concentration-
response curves, with a similar concentration for half maximal inhibition (IC50) observed in 
KCC2-upregulated mice (0.85 ± 1.1 µM vs. 1.34 ± 1.1 µM in controls; p>0.05). In contrast, 
KCC2-upregulation was found to reduce hyperexcitability in a range of in vitro seizure models 
when compared to controls. In the tetanus-induced afterdischarge model, the number of 
afterdischarges was significantly reduced (0.57 ± 0.5 vs. 11.6 ± 5; p<0.01). In the zero Mg2+ 
/high K+ model, spontaneous discharges had a longer latency to onset (12.4 ± 2 vs. 5.7 ± 1 min; 
p<0.01) and were decreased in frequency (0.14 ± 0.03 vs. 0.39 ± 0.05 Hz; p<0.01). Our data 
indicate that this conditional transgenic mouse can be used to produce a rapid upregulation of 
functional KCC2 protein in vivo. While increasing KCC2 has little effect on basal synaptic 



transmission, it reduces the susceptibility of neurons to becoming hyperexcitable. Increasing 
KCC2 may enable greater Cl- homeostasis and maintain more efficacious GABAergic inhibition, 
hence providing a novel strategy to enhance neuronal inhibition. The use of this animal model 
should enable more specific investigations into the neuroprotective potential of targeting KCC2 
for the treatment of conditions such as epilepsy. 
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Abstract: Chloride influx via GABAA receptor channels is the primary means of 
hyperpolarizing inhibitory neurotransmission in the brain. It is critically dependent on a low 
intracellular Cl- concentration which is maintained by the Cl- export activity of the K+-Cl- 
cotransporter (KCC2). 
During a seizure event, the balance between excitatory and inhibitory activity is disrupted. Given 
its central role in Cl- homeostasis we hypothesized that increased KCC2 activity would improve 
resistance to seizures by enhancing GABAergic inhibition. We tested this using two acute 
chemical seizure models, systemic pentylenetetrazol (PTZ) and systemic kainic acid (KA), in 
control and KCC2 upregulated mice. We used a tetracycline conditional expression mouse to 
over-express KCC2 following withdrawal of doxycycline from the diet. All experiments were 
approved by the UNSW Animal Care and Ethics Committee (ref. # 12/147B, 15/136A). 
In the PTZ challenge, mice were pre-treated with either diazepam (0.6 mg/kg, IP) or vehicle 15 
minutes prior a single PTZ injection (85 mg/kg, IP). Behavioural responses were videotaped and 



the experiment terminated 30 minutes later or once mice developed maximal tonic-clonic 
seizures with hind-limb extension. Seizures were subsequently quantified by blinded scoring 
according to a modified Racine scale. There was no significant effect of KCC2 upregulation on 
either the latency or severity of seizures, in both the vehicle and diazepam pre-treated groups. 
In the KA challenge, mice underwent an escalating dose regime receiving two KA injections (5 
mg/kg, IP) administered 1 hour apart. Behavioural seizures were terminated after the second 
hour by a single diazepam injection (5 mg/kg, IP). EEG, from surgically implanted cortical 
screw electrodes, was recorded throughout the entire procedure. Seizures were initially 
quantified by integrating the EEG power spectrum density plots for the two KA periods (45 mins 
each) and post-diazepam period (20 mins). Mice with KCC2 upregulated by withdrawal of 
doxycycline prior to electrode implantation still displayed clear KA-induced seizures, although 
the mean power was modestly decreased (49.22 ± 9.223, mean ± SEM, n=10) as compared to 
control transgenic mice (101.9 ± 39.31, n=10). The efficacy of diazepam in reducing EEG 
activity in the same cohorts was markedly increased in KCC2 upregulated mice (mean power of 
56.78 ± 11.69, n=11), compared to controls (454.2 ± 131.7, n=9). 
Our results suggest that increased KCC2 activity by itself has only a limited effect on seizure 
thresholds but may potentiate the ability of positive GABAergic modulators, such as diazepam, 
to ameliorate seizures. 
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Abstract: Temporal lobe epilepsy (TLE) is the most common type of refractory epilepsy to drug 
treatment. Within the structures involved in TLE, the most important pathophysiologically is the 
hippocampus, where sclerosis is associated with neuronal loss. This has been related to the 
cognitive impairment observed in patients. In epileptic conditions neurons have an increased 
excitability due in part to a reduced synaptic inhibition and a change in the effect of GABA from 
inhibitory to excitatory. This is due to a change in the direction of electrochemical gradient of 
Chloride, whose concentration is maintained by the interplay of co- transporters KCC2 and 
NKCC1. Several studies in experimental models of acute seizures have shown that NKCC1 is 
highly expressed and KCC2 is decreased, explaining the high intracellular chloride, like in early 
development. In a model of neonatal hypoxia-induced seizures, Bumetanide, a specific NKCC1 
inhibitor, in combination with Phenobarbital shows a significant improvement in seizure control, 
more effectively than Phenobarbital alone. The aim of this work is to study in an animal model 
of TLE the refractoriness to a GABAA agonist Phenobarbital, and if in combination therapy with 
Bumetanide enhances its pharmacological effect decreasing the number of seizures, and a 
behavioral level reversing cognitive impairment. Male 7 weeks old Sprague Dawley rats were 
administrated with Pilocarpine to induce Status Epilepticus (SE), and after two weeks they have 
spontaneous seizures. Animals were administrated with Phenobarbital (N=3), Bumetanide 
(N=3), or Bumetanide with Phenobarbital (N=3) during two weeks, and electroencephalogram 
(EEG) recordings were performed before and after this treatment to quantify alterations in 
epileptiform activity. The results show that Phenobarbital in combination with bumetanide 
decreases the number of seizures. To determine the effect of these treatments on cognitive 
impairment, object recognition test were performed, to evaluate episodic memory. Open field 
was conducted to evaluate anxiety, and last, social interaction was studied to evaluated sign that 
suggesting depression. The results show that the combination therapy improves behavioral 
parameters. These findings support the idea that NKCC1 contributes to refractoriness to drug 
treatment and suggest that Bumetanide might be used as a supplemental therapy in TLE. 
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Title: Characterization of the relationship between diet mitochondrial function and oxidative 
stress in a fly model of epilepsy 
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Abstract: Drosophila mutants known as “bang-sensitive” have been utilized as models for 
neurological conditions including epilepsy, sensorineural deafness, and age-dependent 
neurodegeneration. While the mechanisms producing these phenotypes are unique to each strain, 
some of the gene products suggest mitochondrial dysfunction and a reduced capacity to tolerate 
oxidative stress as a possible underlying cause. Diet is an important factor in determining 
energetics and oxidative stress levels. For example, a ketogenic diet has been shown to be an 
effective treatment for refractory epilepsy in humans, and antioxidant therapies have been 
explored in Parkinson’s disease. We wanted to more clearly define the connection between diet, 
mitochondrial function, and reactive oxidative species in this fly model system. Bang-sensitive 
mutant strains were reared on a standard molasses, yeast and cornmeal (MYC), which is a low 
protein/high carbohydrate diet, or a protein-rich yeast sugar (1:1 YS) diet. The mutants display a 
lower percentage of seizures on the YS food, but also reduced viability, lifespan and fecundity. 
Seizure thresholds were also impacted by the YS diet. Several biochemical methods were 
utilized to define the effects of diet, including a cytochrome oxidase (CO) assay, a superoxide 
dismutase (SOD) assay and lipofuscin quantitation. Preliminary results indicate reduced CO 
activity in mutants as compared to wildtype, with increased CO levels in all flies raised on the 
YS food. Strain differences were also observed using the SOD assay, however the impact of diet 
was less clear. However, lipofuscin accumulation appeared to increase in flies raised on YS as 
compared to MYC. Alterations in mitochondrial function correlate with improvement in epilepsy 
phenotype, while changes in oxidative capacity may underlie changes in viability. 
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Abstract: Organotypic hippocampal cultures are increasingly used as an in vitro model of post 
traumatic epilepsy. Chemically defined medium were developed to maintain organotypic 
cultures. However, it is based on the composition of blood plasma, not of cerebrospinal fluid 
(CSF). The opening of blood-brain barrier (BBB) due to brain insults may be one of the causes 
of epileptogenesis in vivo. It is possible that epileptogenesis in organotypic cultures is due to 
exposure of hippocampal neurons to components of blood serum in the culture medium that are 
present at different concentration or not present at all in normal CSF. Commercially available 
culture medium Neurobasal-A (usually supplemented with B27) contains electrolytes, glucose, 
amino acids and other components that are not present at same concentrations in CSF. We 
examined the influence of medium composition on epileptogenesis. Slices were maintained in 
culture media with various compositions. Epileptogenesis was evaluated by measurements of 
lactate and lactate dehydrogenase (LDH) levels (markers of ictal activity and cell death, 
respectively) in culture supernatant collected twice a week, immunohistochemistry and 
automated 3-D cell counts, and extracellular recordings from CA3 and CA1 regions. Changes to 
culture medium composition moderately reduced lactate and LDH levels as well as 
electrographic seizure. However, epileptogenesis could not be prevented by composition 
modification without decreasing the number of surviving neurons. We conclude that medium 
composition is unlikely to be the cause of epileptogenesis in organotypic hippocampal culture. 
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Abstract: Introduction: During the past decade, experimental research has demonstrated a 
prominent role of the pro-inflammatory molecules on epileptogenic and ictogenic processes. On 
the other hand, our research group recently demonstrated that time-restricted feeding (TRF) had 
an anticonvulsant effect, however, the precise mechanism by which this diet exerts its beneficial 
effects are still unknown. Objective: Our aim was to investigate whether TRF is able to exert its 
beneficial effect decreasing the expression of pro-inflammatory molecules and thus might have a 
neuroprotective role after seizure induction. Methodology: Briefly, TRF consisted in allowing 
rats to eat for two hours daily during their light phase for 20 days; conversely, control group was 
fed ad libitum (AL). After dietary schedule, status epilepticus (SE) was induced using a pre-
treatment with a injection of lithium chloride (3 mEq/kg) followed by pilocarpine administration 
(60 mg/kg). Both protein and mRNA expression of pro-inflammatory molecules such as 
interleukin 1 beta (IL-β), tumor necrosis factor alpha (TNF-a) and interleukin 6 (IL-6) were 
measured in hippocampus from each group 24 h after SE. Additionally, coronal brain slices were 
processed with fluoro-Jade C to mark degenerate neurons. Results: Our preliminary data showed 
that the group that followed TRF before SE had a significant decrease in both of mRNA and 
protein expression of pro-inflammatory molecules (IL-β, TNF-a, IL-6), in comparison with AL 
group after seizure induction. Furthermore, the hippocampus from TRF group showed a 
significant decrease on reactive gliosis and less FluroJade-positive cells were observed after SE. 
Conclusion: Our data demonstrate that TRF may exert a neuroprotective effect by decreasing the 
mRNA and protein expression of pro-inflammatory molecules and reactive gliosis after seizure 
induction. 
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Abstract: In an effort to discover novel anticonvulsants, we prepared and characterized several 
DL-fluorobenzenamides and studied their anticonvulsant activity against seizures induced by 4-
aminopyridine, maximal electroshock and pentylenetetrazol in CD-1 mice. Compounds 2-
hydroxy-2-(3’-trifluoromethylphenyl)butyramide (1), 2-hydroxy-2-(3’,5’-bis(trifluoro 
methylphenyl) butyramide (2), 3-hydroxy-3-(3’-trifluoromethylphenyl) pentanamide (3) and 2-
hydroxy-2-(3’,5’-bis(trifluoromethylphenyl) pentanamide (4) were prepared using condensation 
reactions and characterized through infrared spectrophotometry and nuclear magnetic resonance 
spectroscopy. Each of the four compounds exhibited an anticonvulsant activity in mice greater 
than that of sodium valproate, a widely-used antiepileptic, against seizures induced by maximal 
electroshock, 4-aminopyridine or pentylenetetrazol. Compounds 1, 2, 3 and 4 were more potent 
than phenobarbital against seizures induced with 4-aminopyridine and equipotent with 
phenobarbital against seizures induced by maximal electroshock or pentylenetetrazol. In the 
rotarod ataxia test, compound 1 exhibited the lowest ataxicity of the four compounds. 
Incorporation of trifluoromethyl groups in the meta position of the phenyl ring in compounds 1 
and 3 increased the duration of their anticonvulsant activity. This study shows that 
fluorobenzenamides represent a new class of anticonvulsant compounds worthy of further 
development for potential antiepileptic therapy. 
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Abstract: Established status epilepticus (SE) is a life threatening condition characterized by 
unremitting seizures that have failed to respond to first line therapy with benzodiazepines. We 
report pre-clinical results comparing the electrographic activity of a standard second line anti-
epileptic drug with next generation neuroactive steroids and demonstrate the differentiation of 
these novel potential treatments for SE. Phenytoin is a commonly used second line antiepileptic 
drug that blocks voltage gated sodium channels. Here we investigated the effect of phenytoin in 
the rat lithium-pilocarpine model of SE with EEG recording. Phenytoin (5, 15 and 50 mg/kg, IV) 
administered within 2 minutes of SE onset failed to reduce aberrant EEG spike probability at all 
doses notwithstanding brain concentrations as high as 37±4.2 µg/g. Despite this lack of effect on 
EEG, dose dependent sedation and arrest of behavioral convulsions was observed. All animals 
that received 50 mg/kg exhibited a loss of righting reflex (LRR) up to 30 minutes after dosing 
and 3 of 4 animals exhibiting LRR for 4 hours. Lamotrigine (3, 10 and 30 mg/kg, IV), another 
antiepileptic drug that targets sodium channels, also failed to reduce spike probability at all doses 
when administered immediately after SE onset, despite brain concentrations as high as 26.5±0.6 
µg/g. Unlike phenytoin, lamotrigine was not sedating. In contrast to phenytoin and lamotrigine, 
next generation neuroactive steroid anticonvulsants, reduced aberrant spike probability 
immediately after SE onset, and retained this activity even when administered up to 60 minutes 
later. Taken together, these data highlight the discrepancy between behavioral and electrographic 
measures of ongoing seizure activity and illustrate the potential value of EEG for uncovering 
ongoing SE in non-convulsive patients. Finally, the sustained activity of next generation 
neuroactive steroids after SE onset in the lithium-pilocarpine model supports assessing the 
activity of this class of compounds in humans with established SE. 
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Abstract: Granule cell dispersion (GCD) in the dentate gyrus (DG) of the hippocampus is a 
morphological alteration characteristic of temporal lobe epilepsy. Recently, we reported that 
treatment with naringin, a flavonoid found in grapefruit and citrus fruits, reduced spontaneous 
recurrent seizures by inhibiting kainic acid (KA)-induced GCD and neuronal cell death in mouse 
hippocampus, suggesting that naringin might have beneficial effects of preventing epileptic 
events in the adult brain. However, it was still unclear whether the beneficial effects of naringin 
on the inhibition of GCD could be mediated by naringenin, a major metabolite of naringin, in the 
KA-treated hippocampus. To investigate this possibility, we evaluated whether intraperitoneal 
injections of naringenin could mimic naringin-induced effects against GCD formation following 
intrahippocampal KA injections in mouse brains. Our results showed that treatment with 
naringenin delayed the onset of KA-induced seizures and attenuated KA-induced GCD. 
Moreover, we found that its treatment inhibited the activation of mammalian target of rapamycin 
complex 1 (mTORC1) both in neurons and reactive astrocytes in DG of KA-treated 
hippocampus. These results suggest that naringenin may be an active metabolite of naringin, 
which has a capacity to control GCD formation, resulting in preventing the progression of 
epileptic insults in the hippocampus in vivo. 
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Abstract: Kainic acid (KA) is well known as a chemical compound to study epileptic seizures 
and neuronal excitotoxicity, resulting in the death of hippocampal neurons by autophagic stress 
and microglia-derived neuroinflammation. In addition, epileptic seizures show the abnormal 
morphological characteristics such as granule cell dispersion (GCD) in the dentate gyrus (DG) of 
hippocampus, which may be involved in seizure susceptibility and spontaneous recurrent seizure 
again. Thus, these results suggest that the control of neurotoxic events such as 
neuroinflammation, excitotoxicity and GCD may be important strategies for inhibition of 
epileptic events. We recently reported that naringin, a major flavonoid found in grapefruit and 
citrus fruits, has neuroprotective activities such as anti-neuroinflammation and induction of 
neurotrophic factors against neurodegeneration in the animal model of Parkinson’s disease, 
suggesting that naringin-induced effects may be useful to other brain diseases. To evaluate the 
beneficial effects of naringin against epileptic seizures, we have examined the effects of naringin 



against KA-induced neurotoxic effects in the hippocampus of mouse brains. Our results showed 
that intraperitoneal injection of naringin could induce an increase in a threshold for KA-induced 
seizures, resulting in the delayed onset of seizures, and significantly ameliorated the KA-induced 
neurotoxicity through anti-autophagic stress and anti-neuroinflammation in the hippocampus 
compared with KA alone. Moreover, treatment with naringin attenuated the KA-induced 
mTORC1 activation, which caused GCD in the hippocampus. Therefore, these results suggest 
that naringin, which induces neuroprotective effects such as anti-autophagic stress, anti-
neuroinflammation and anti-GCD, may be a beneficial natural compound against epileptic 
seizures. 
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Abstract: Cannabis has been used for centuries as an anti-epileptic therapeutic, and non-
psychoactive components of cannabis have reduced seizure activity in both pre-clinical animal 
models and recent clinical trials (Devinsky et al. 2015). However, the exact mechanism of action 
of cannabinoids such as cannabidiol (CBD) remains unclear. In one leading hypothesis, CBD 
acts as a competitive antagonist at the G-protein coupled receptor, GPR55, inhibiting binding of 
a membrane phospholipid, lysophosphatidylinositol (LPI). CBD blocks LPI-mediated increases 
in presynaptic Ca2+ and consequential vesicular release, thus reducing excitability at excitatory 
axon terminals (Sylantyev et al. 2013). However, the function of LPI-GPR55 signaling at 
excitatory postsynaptic sites, inhibitory synapses, and in epilepsy, remains to be explored. 
Using a multidisciplinary approach, we found that LPI produces distinct pre- and postsynaptic 
effects at excitatory and inhibitory synapses. At 5-10 min post-application, LPI increased 
mEPSC frequency in CA1 hippocampus, consistent with previous reports. However, prominent 
GPR55 immunostaining in CA1 pyramidal neurons cell bodies was also observed, suggesting 
potential postsynaptic GPR55 expression. LPI elevated GluA1 AMPAR expression at 50-60 min 
post-application and increased Ser831 and Ser845 phosphorylation. Additionally, LPI reduced 
inhibitory postsynaptic strength with concomitant decreases in GABAAR γ2 subunit expression 
and Ser327 phosphorylation. Taken together, these results suggest that LPI increases the 
excitatory/inhibitory ratio in hippocampal neuronal networks by a dual mechanism: enhancing 
excitatory transmission and attenuating inhibition. This predicts that CBD, by opposing LPI 
action at GPR55, may exert its beneficial anti-seizure effects at both excitatory and inhibitory 
synapses. 
We further observe that LPI-mediated increases in mEPSC frequency are potentiated in 
hippocampal slices from animals rendered epileptic following lithium-pilocarpine induced 
epileptogenesis. Consistent with this finding, acute kainic-acid induced seizures elevated 
membrane-bound GPR55 expression. Collectively, these results predict a potential positive 
feedback loop in which seizures elevate GPR55 expression, augmenting the effect of LPI and its 
seizure-promoting effects on excitatory / inhibitory coordination. Thus, GPR55 represents a 
potential biomarker for susceptibility to prolonged seizures. 
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Title: Anticonvulsant effect of cannabinoid receptor agonists in a model of neonatal seizures 

Authors: *M. HUIZENGA, E. WICKER, V. BECK, P. FORCELLI;  
Georgetown Univ., Washington, DC 

Abstract: Neonatal seizures and seizures of infancy represent a significant cause of morbidity. 
30-40% of infants and children with seizures will fail to achieve seizure remission with current 
anti-epileptic drug (AED) treatment. Moreover, less than half of electrographic neonatal seizures 
are effectively controlled with the current first (phenobarbital) or second (phenytoin) line drug 
treatments. Identification of new therapies for neonatal/infantile epilepsy syndromes is thus of 
high priority. 
Recent case reports have appeared suggesting that cannabis extracts, such as cannabidiol, may 
exert clinical anticonvulsant effects in young patients. While drugs targeting the cannabinoid 
system (e.g., CB1 receptor agonists) display anticonvulsant efficacy in adult animal models of 
seizures/epilepsy, they remain unexplored in neonatal models. However, the cannabinoid system 
emerges and is active early in development across species, supporting the investigation of 
targeting this system in neonates. Therefore, we examined the therapeutic potential of drugs 
targeting the cannabinoid system in a neonatal rodent model of seizures. Postnatal day (P) 10 or 
P20 male, Sprague-Dawley rat pups were challenged with the chemoconvulsant DMCM (300 
ug/kg) 20 min after treatment with either: CB1/2 mixed agonist (WIN 55,212-2), CB1 agonist 
(ACEA) or antagonist (AM-251), CB2 agonist (HU-308) or antagonist (AM-630), FAAH 
inhibitor (URB597), and GPR55 agonist (O-1602). Only the mixed CB1/2 agonist and the CB1 
agonist displayed anticonvulsant effects in this model. The severity of seizures was significantly 
decreased and the latency to behavioral seizure symptoms was increased. These effects were 
seen in P10 animals but not P20 animals. By contrast, both CB1 and CB2 antagonism increase 
seizure severity. 
Together, these results indicate that in neonates, anticonvulsant action of the cannabinoid system 
is specific to CB1 receptor activation during a specific developmental window. These data 
provide justification for further examination of CB1 receptor agonists as novel antiepileptic 
drugs targeting epilepsy in infants and children. 
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Title: Effect of Krill Oil on seizures induced by pentylenetetrazole in adult rats with postnatal 
seizure induction 
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CEJA1, L. FLORES-MANCILLA2;  
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Abstract: Epilepsy is a disease characterized by an enduring predisposition to generate epileptic 
seizures and by the neurobiological, cognitive, psychological, and social consequences of this 
condition. It affects 50 million people all over the world. The Krill oil (KO) is an extract of the 
Antarctic crustacean, Euphausia superba, contains phospholipids and omega-3. However, the 
anticonvulsive effect of the KO has not been reported in literature before. Accordingly, we 
evaluated its effect on pentylenetetrazole (PTZ) model of generalized seizures, at behavioral 
level. Male Wistar rats with chronic intragastric administration of Palm oil (300 mg/kg, n=4), 
water (n=4) and KO (300 mg/kg, n=6), from birth to the end of the experiment, approximately 
40-60 postnatal days (PD) and with febrile seizure induction at 4-5PD were used for control and 
experimental groups. After PTZ administration (90 mg/kg, i.p.) we evaluated the survival period, 
duration of seizures, loss of posture and convulsive behavior according to Pohl and Mares scale 
(1987): phase 0.5 sniffing, extensive washing, orientation; phase 1 isolated myoclonic jerk; 
phase 2 atypical (unilateral or incomplete) clonic seizure; phase 3 fully developed bilateral 
forelimb clonus; phase 3.5 forelimb clonus with a tonic component and twist of body; phase 4 
refers to tonic-clonic seizure with suppressed tonic phase; only clonus of all limbs; phase 5 fully 
developed tonic-clonic seizure. The results showed a delay in the onset of phase 2 in animals 
treated with KO compared with palm oil group (p<0.05), also an increase in the survival time 
post-PTZ was observed in the KO group, however it was not statistically significant. In 
conclusion, the KO did not show anticonvulsant effect at behavioral level in animals with 
seizures induced by PTZ. 
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model of α2δ-1 overexpressing mice 

Authors: *W. ZHANG, D. PRINCE;  
Neurol. Dept., Stanford Univ. Sch. of Med., Stanford, CA 

Abstract: The alpha2delta-1 subunit (α2δ-1) of voltage-gated calcium channels is a receptor for 
astrocyte-secreted thrombospondins (TSPs) that promote developmental synaptogenesis. 
Overexpression of α2δ-1 alone in uninjured transgenic mice (α2δ-1 TG mice) results in increased 
excitatory connectivity and consequent epileptiform seizures. Gabapentinoids, including 
pregabalin (PGB), are anticonvulsant/antiallodynic drugs that interrupt TSP binding to α2δ-1 and 
have antiepileptogenic effects in models of cortical injury. However, little is known about the 
effects and the critical time window of PGB intervention in transgenic epilepsy models like α2δ-
1TG mice. To address these questions, we compared the electrophysiological outcomes of PGB 
treatment administrated at different developmental times in α2δ-1TG mice. We initially treated 
TG mice with PGB (50 mg/kg ip daily) from P20 to P34 or from P14 to P28 and obtained whole 
cell recordings of miniature EPSCs (mEPSCs) in layer V pyramidal cells. There were no 
significant differences in amplitude or frequency of mEPSCs between treated TG mice and 
saline-treated controls, indicating that existing hyper-connected excitatory circuits were not 
affected. We obtained epidural EEGs, rather than in vitro mEPSC recordings, from a 3rd group 
of implanted mice treated with PGB from P7 to P28. EEG signals were filtered (1Hz high-pass; 
15Hz low-pass) and a Fourier transform power analysis done. EEGs of both untreated and 
treated TG mice showed epileptiform discharges with peak frequency at 2-4 Hz, 4 and 5 days 
after the end of treatment. However, the amplitudes of absolute power at 2-4 Hz were decreased 
to 1/3-1/2 of controls in the PGB-treated group (0.0012-0.0013 vs 0.0006-0.0009 mV2/Hz). 
These results suggest that PGB administration from P7 to P28 is effective in attenuating the 
epileptiform discharges in α2δ-1TG mice. Taken together, our preliminary data show that early 
PGB intervention can attenuate epileptogenic outcomes in α2δ-1 TG mice. Results raise the 
possibility of prevention of epileptogenesis in similar genetic models once receptors and 
appropriate agonists or antagonists are identified. 

Disclosures:  W. Zhang: None. D. Prince: None. 
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Title: Lamotrigine and levetiracetam exert similar modulation of TMS-evoked EEG potentials 
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Psychology, Univ. of East London (UEL), London, United Kingdom 

Abstract: Antiepileptic drug (AED) treatment failures may occur because there is insufficient 
drug in the brain or because of a lack of relevant therapeutic response. Until now there is no 
possibility to measure these factors. It has been recently shown that the combination of 
transcranial magnetic stimulation and electroencephalography (TMS-EEG) can measure the 
effects of central nervous system acting drugs in healthy volunteers. The EEG response evoked 
by TMS, named TMS-evoked EEG potentials (TEPs), comprises a series of positive and 
negative deflections which were specifically modulated by drugs with a well-known mode of 
action targeting the inhibitory neurotransmission. Hence, we hypothesised that TMS-EEG can 
depict fingerprints of two widely used AEDs, lamotrigine and levetiracetam, in healthy 
volunteers. Fifteen healthy subjects participated in a pseudo randomized, placebo-controlled, 
double-blind, crossover design, using a single oral dose of lamotrigine (300mg), a voltage-gated 
sodium channel blocker, and levetiracetam (3000mg), which blocks neurotransmitter release by 
binding to specific vesicles. TEPs were recorded before and 120 min after drug administration 
and the effects of the drugs on the potentials amplitudes were statistically evaluated. A non-
parametric cluster-based permutation analysis of amplitudes at channel-level was run for 
placebo, lamotrigine and levetiracetam conditions. Both AEDs increased the amplitude of the 
negative potential at 45ms after stimulation (N45) and suppressed the positive peak at 180ms 
(P180), whereas placebo did not cause any significant modulations.We demonstrate for the first 
time AED-induced modulation of TMS-EEG measures. Despite the different mechanism of 
action that lamotrigine and levetiracetam exert at molecular level, both AEDs are impacting the 
TMS-EEG response in a similar way. These TMS-EEG fingerprints observed in controls are 
candidate predictive markers of treatment response in patients on monotherapy with lamotrigine 
and levetiracetam. 

Disclosures:  I. Premoli: None. A. Biondi: None. D. Rivolta: None. M.P. Richardson: None. 
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Title: Staged anticonvulsant screening for chronic epilepsy 
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Seoul Natl. Univ. Hosp. Healthcare Syst. Gangham Ctr., Seoul, Korea, Republic of; 5Dept. of 
Neurosurg., Univ. of Utah Sch. of Med., Salt Lake City, UT; 6Boston Univ. Sch. of Med., 
Boston, MA 

Abstract: Significant limitations are associated with studying seizures induced by acute 
exposure to convulsants in otherwise normal in vitro and in vivo preparations, which current 
anticonvulsant screening programs are predominantly based on. One third of epileptic patients do 
not respond to the numerous anticonvulsants produced as a result of decades of drug screening 
and development efforts. The slicing preparation of organotypic hippocampal slice cultures 
parallels traumatic axonal shear injury and subsequently slices develop a dense recurrent 
synaptic connectivity that results in the development of spontaneous seizures after 1 week in 
vitro. We present a drug discovery program utilizing a tiered compound screening platform 
based on chronic epilepsy and spontaneous seizures, with compounds advancing from high-
throughput in vitro models to low-throughput in vivo models. The initial stage utilizes the 
reproducible, accessible and accelerated course of epileptogenesis in the in vitro organotypic 
hippocampal slice culture model of severe post-traumatic epilepsy to conduct a blind screen of 
an array of compounds and conditions for anticonvulsant, antiepileptic and neuroprotective 
effects in chronic epilepsy. Lactate production and release of lactate dehydrogenase into spent 
culture media were used as biomarkers of seizure activity and cell death, respectively, to quantify 
epileptogenesis. Compounds exhibiting significant reducing effects were retested and 
subsequently advanced to a second stage comprised of wash-out screens to differentiate 
anticonvulsant from antiepileptogenic effects, as well as in vitro electrophysiological 
confirmation. The third stage was comprised of double-blind, crossover-controlled, in vivo 
continuous electrographic monitoring of spontaneous seizures in the kainate model of chronic 
epilepsy. We have screened 140 compounds (most at multiple concentrations) or combinations 



of drugs, in over 400 separate drug-concentration experiments alongside control slices from the 
same animal. We have identified 79 toxic drug-concentrations and over 40 hits. Most current 
anticonvulsants had modest effects in the initial in vitro stage. The cyclooxygenase inhibitor 
celecoxib had no effect on chemically-induced acute epileptoform activity in normal brain tissue 
but exhibited robust anticonvulsant activity in all models of chronic epilepsy. This tiered 
program comprises a promising strategy for the rapid, staged investigation of drug efficacy in 
post-traumatic epileptogenesis with the ultimate goal of discovering and developing drugs that 
prevent or modify epileptogenesis and the progression of epilepsy. 

Disclosures:  Y. Saponjian: None. Y. Berdichevsky: None. K. Park: None. B. Roach: 
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Title: Ionic alterations during apoptosis in the developing hippocampus. 
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Abstract: New fluorophores and microscopy techniques have made possible more detailed 
explorations of the process of neuronal death. In the present study we evaluated the death of 
neurons in a chronically epileptic in vitro preparation in which multiphoton microscopy could be 
performed over a period of several days. Organotypic hippocampal slice cultures were made 
from wild-type C57BL/6J mice, and imaged with transgenic fluorophores as well as the Na+ dye 
SBFI. Organotypic slice cultures were prepared on P6 and incubated in vitro until use, with SBFI 
added 24 hours prior to imaging. Two-photon imaging was used to excite SBFI at both Na+-
sensitive and -insensitive wavelengths, allowing for the ratiometric determination of the [Na+]i. 
Propidium iodide (PI), an indicator of cell death, was used as a costain in most experiments to 
exclude damaged neurons from the analysis. Immediately post-trauma, neurons had significantly 
higher [Na+]i than has been reported in undamaged neurons. After a brief recovery period, [Na+]i 
again rose to high levels and remained elevated for days. Elevated [Na+]i followed decreased 



synthesis of virus-induced fluorescent proteins such as TurboRFP, preceded morphological 
changes such as cell shrinkage and retraction of processes, and coincided with increases in 
membrane permeability (allowing for the passive influx of dyes and stains such as propidium 
iodide). The high [Na+]i was mitigated by the activity of Na+/K+ ATPases, cation/Cl- 
cotransporters, and Na+/Ca2+ exchangers in order to support high rates of transmembrane Na+ 
flux during epileptogenesis. Inhibition of COX-2 and the protein Bax significantly lowered 
[Na+]i, suggesting that an apoptotic pathway leading to the insertion of permeability pores in the 
cytoplasmic membrane may be responsible for the rise in [Na+]i and related changes. Overall, a 
stereotypical sequence of events preceded neuronal death by at least several days, beginning with 
quenched emission of fluorescent proteins, dendritic retraction, elevation in [Na+]i , and terminal 
cell shrinkage. ATPase activity and secondary ion transport remained robust throughout this 
process. We are currently testing whether the mitigation of elevated [Na+]i reflects a 
translationally useful neuroprotective effect or a specific effect on [Na+]i. 
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Title: Inhibition of O-GlcNAcase is anticonvulsive and alters hippocampal O-GlcNAcylation 
levels in the kainic acid model of temporal lobe epilepsy 

Authors: *R. G. SANCHEZ, M. C. RICH, F. D. LUBIN;  
Neurobio., Univ. Of Alabama At Birmingham, Birmingham, AL 

Abstract: Abnormal brain glucose metabolism contributes to the progression of epilepsy 
disorders. Temporal Lobe Epilepsy (TLE) is a complex disorder that is associated with glucose 
hypometabolism. Metabolic O-linked N-acetylglucosamine (O-GlcNAc) signaling that is 
downstream of the hexosamine biosynthesis pathway (HBP), a metabolic target of glucose 
metabolism. In the roundworm Caenorhabditis elegans, the fruit fly Drosophila melanogaster, 
rodents and humans, the O-GlcNAc transferase (OGT) and O-GlcNase (OGA) add and remove 



O-GlcNAc groups on proteins, respectively. To date, there is virtually nothing known regarding 
the role of protein O-GlcNAcylation in epilepsy. Here, we examined the contribution of O-
GlcNAcylation to epileptogenesis using kainate-induced experimental TLE model. We found 
significant decreases in O-GlcNAc and OGT levels in the epileptic hippocampus that was more 
pronounced in hippocampal regions that may be responsible for a loss of cellular glucose 
homeostasis. Importantly, we observed similar decreases in O-GlcNAc and OGT levels in human 
epileptic hippocampal tissue compared to aged-matched controls (Average age: 39.6yrs). We 
found that both neurons and astrocytes express OGT and O-GlcNAc at baseline, and that O-
GlcNAcylation levels in these cell-types are differentially regulated in response to potassium 
chloride or methionine sulfoximine, respectively. To test the contribution of O-GlcNAcylation in 
epilepsy, we treated epileptic animals with the OGA inhibitor Thiamet-G (TMG). We found that 
TMG treatment restored protein O-GlcNAcylation levels in the rat epileptic hippocampus, 
reduced epileptiform activity and frequency oscillations in our TLE rodent model. Collectively, 
these findings demonstrate the therapeutic potential of TMG, and a novel role for protein O-
GlcNAcylation in TLE. 
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Abstract: Tetramethylenedisulfotetramine (TETS) is a highly lethal neurotoxic rodenticide that 
acts as a noncompetitive GABA-A receptor. Severe TETS intoxication in humans produces 
refractory convulsive status epilepticus (SE). We previously reported that perampanel enhances 
survival of mice in a TETS SE model. Here we assess the impact of perampanel on EEG 



measures in the TETS SE model. For comparison, some animals were treated with midazolam, 
which also reduces mortality in the model. Mice implanted with EEG electrodes were pretreated 
with a single dose of riluzole (10 mg/kg, IP) and 10 min later received a lethal dose of TETS (0.2 
mg/kg, IP). Riluzole does not inhibit TETS-induced SE but does protect against the lethal effects 
of TETS in mice. Perampanel (3 mg/kg, IP) and midazolam (1.8 mg/kg, IM) were administered 
40 min after the first myoclonic twitch. Each 1 min epoch in the EEG recording during the 45 
min period after treatment injection was scored for the presence of: isolated spikes/sharp waves 
(0.08-0.5 Hz), spikes/polyspikes/sharp waves clusters (0.5-2 Hz), and organized seizures. Rates 
are expressed as total number of rat-minutes with the observed behavior divided by total number 
of rat-minutes under observation and compared with Poisson regression models for longitudinal 
data. Perampanel decreased seizures (RR=0.27, 95% CI: 0.14, 0.55) and spike clusters 
(RR=0.66, 95% CI: 0.43, 1.01) but markedly increased isolated spikes (RR=1.77 95% CI: 1.34, 
2.34). In contrast, midazolam did not significantly reduce the rate of seizures (RR=0.68, 95% CI: 
0.37, 1.26) but did reduce isolated spikes (RR=0.29, 95% CI: 0.15, 0.55) and spike clusters 
(RR=0.51, 95% CI: 0.28, 0.94). Peramperal versus midazolam contrasts were statistically 
significant for organized seizures (RR=0.40, 95% CI: 0.17, 0.95) and for isolated spikes 
(RR=6.14, 95% CI: 3.30, 11.43) but not for spike clusters (RR=1.28, 95% CI: 0.66, 2.47). Our 
results demonstrate that perampanel is highly effective at reducing TETS-induced electrographic 
seizures but interictal-like activity increases. Midazolam, a benzodiazepine which is often used 
clinically in the treatment of status epilepticus, is less effective in reducing TETS-induced EEG 
seizures but effectively suppresses epileptiform activity. Our results indicate major difference 
between AMPA receptor blockade by perampanel and GABA-A receptor positive modulation by 
midazolam on the electrographic features of TETS-induced SE. The results suggest that 
perampanel is superior to midazolam in reducing spread of local activity to form organized 
seizures but discharges overall increase. The long term implications on outcome remain to be 
determined. 

Disclosures:  D. Zolkowska: None. D.J. Tancredi: None. L. Olsen: None. P.J. Lein: None. 
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as a consultant to Eisai. 
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Title: Long-term effects of neonatal monosodium glutamate treatment over the expression level 
of NCX1-3 and their participation in electrographic seizure activity 

Authors: *M. HERNANDEZ-OJEDA, M. E. UREÑA-GUERRERO, P. E. GUTIÉRREZ-
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Abstract: A significant neuronal impairment could lead to epileptogenesis in which cellular and 
molecular modifications persist and bring sudden and recurrent epileptic seizures. Monosodium 
glutamate (MSG) applied as neonatal treatment produces excitotoxic neuronal damage with 
several short- and long-term modifications. Increments in the expression level of NCX3 were 
observed after that treatment as a short-term effect. NCX3 belongs to a genetic family known as 
SLC8A1-3 that encoding the proteins called NCX1-3. NCX transporters exchange 3Na+ and 
1Ca2+, and are mainly implicated in Ca2+ homeostasis maintenance. Changes in NCXs expression 
observed after neuronal damage have been associated with epilepsy development. In this work, 
NCX1-3 expression level was estimated by western-blotting in the hippocampus and entorhinal 
cortex of adult (60 days) control and MSG-treated animals (4 mg /kg of body weight, 
subcutaneously applied at postnatal days 1,3,5 and 7). Significant increments in NCX1 and 
NCX3 were observed in both cerebral regions of MSG-treated animals with respect to controls 
without significant changes in NCX2. Then, NCX blocking effects were evaluated on 
electrographic seizures induced by intracerebroventricular administration of 4-aminopyridine 
(4AP, 3 nmol). KB-R7943 a benzyloxyphenyl derived, which is three fold more efficiently on 
NCX3 were used as NCX blocker. In control animals, KB-R7943 (62.5 pmol) administered 
simultaneously to 4AP increased the seizure electrographic activity observed in the hippocampus 
and entorhinal cortex with respect to convulsive drug administered alone. However, in MSG-
treated animals, KB-R7943 delayed the bursts onset and reduced that activity. Results suggest 
that NXC blocking could control seizures observed after an excitotoxic neuronal damage. 

Disclosures:  M. Hernandez-Ojeda: None. M.E. Ureña-Guerrero: None. P.E. Gutiérrez-
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Title: Optogenetic silencing attenuates the activity of acute focal 4-aminopyridine seizures in 
mouse neocortex 
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Abstract: Epilepsy is a neurological disorder that affects roughly 1% of the population 
worldwide. Although effective treatments with antiepileptic drugs are available, more than 20% 
of patients have seizures that are refractory to medical therapy and many patients experience 
adverse effects. Hence, there is a continued need for novel therapies for those patients. Recently, 
neuromodulations with the optogenetics toolbox have already been shown to be somewhat 
effective at treating seizures in animal models of epilepsy and may offer a new hope for these 
refractory patients. However, more studies showed that optogenetics in seizure control must be 
carefully considered to avoid its potential negative effects. Here, we combined local field 
potential recordings and optogenetics to test the function of optogenetic silencing in the acute 
epileptic model. We stereotaxically injected the eNpHR3.0 or Jaws AAV viral vector with 
CaMKII promoter into neocortex of adult mouse to inhibit cortical pyramidal neurons. Acute 
focal seizures were induced by 4-aminopyridine (4-AP, 15mM, 0.5 µl) injection. We utilized the 
local field potential (LFP) to identify ictal discharge and measure epileptic activity. 
Photostimulation was performed using a TTL-controlled LED light. Histological studies 
confirmed the expression of eNpHR3.0 or Jaws in excitatory glutamatergic neurons. The total of 
101 seizures was recorded from 9 mice. Following 5-8 weeks of eNpHR3.0 and jaws injections, 
there was no difference in the duration of seizures between the control and the light stimulation. 
LFP power, however, decreased from 1895.1 ±238.1 mV2 to 1317.8±107.3 mV2 in eNpHR 3.0 
group (p<0.05, n=4 mice, 50 seizures), and from 2148.3 ± 393.8 mV2 to 1575.5±486.3 mV2 in 
the Jaws group (P<0.05, n=5 mice, 51 seizures). Taken together, these results demonstrate that 
optogenetic silencing of principal network can reduce the seizure activity in neocortex. 
Furthermore, much work is still needed to improve the strategy of optogenetic therapies for 
epileptic disorders. 
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Abstract: Alterations in hyperpolarization-activated, cyclic nucleotide-gated (HCN) channel 
expression and function have been reported following status epilepticus (SE) in the pilocarpine-
induced epileptic rat model (Jung et al., 2010, 2011; Williams et al., 2015). We have shown in 
these epileptic rats that the altered HCN properties in hippocampal principal neurons (such as 
changes in surface expression and current (Ih) amplitude) are regulated by phosphorylation. 
However, the actual phosphorylation sites (phosphosites) on HCN channel proteins that are 
altered in epilepsy have not been identified. In our current study, our objective was to identify 
these phosphosites on HCN1 and HCN2 channels through tandem mass spectrometry (MS). We 
enriched for HCN1 by immunoprecipitating with a monoclonal α-HCN1 antibody in CA1 
hippocampal homogenates from male P90-101 epileptic rats (5-6 weeks post SE, n = 7) and age-
matched naïve controls (n = 8). Mass spectrometry analyses revealed 6 phosphorylation sites on 
HCN1 in both our experimental and control samples, located in the cytoplasmic side of the 
protein at both the N- and C-terminal regions. No statistically significant differences were 
observed in the frequency of phosphosite identification in epileptic versus naïve samples. For 
HCN2 channels, we observed 10 phosphorylation sites. Interestingly, we found a statistically 
significant reduction in phosphorylation at one phosphosite in the C-terminus in epileptic tissue. 
Finally, we analyzed HCN channel phosphorylation patterns in neocortical tissue from 6 human 
patients with refractory epilepsy undergoing resection of the epileptogenic zone. For HCN1 
channels, we identified 5 phosphosites in human tissue: 3 which were homologous to rat 
phosphosites, one which was novel, and one with no corresponding homolog on the rat sequence. 
For HCN2 channels we found 9 human phosphosites, eight of which corresponded to rat 
homologs, and one which was novel. 
In summary, we have identified novel phosphosites on both HCN1 and HCN2 channels, and 
provide the first evidence of differential phosphorylation of HCN2 channels in an animal model 
of epilepsy. Also, we show for the first time that phosphorylation of human neocortical HCN 
channels occurs at predominantly the same phosphosites as in rat hippocampal HCN channels. 
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Title: Increased brain expression of tau and hyperphosphorylated tau in human therapy-resistant 
epilepsy 
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Abstract: Temporal lobe epilepsy (TLE) is the most common type of partial epilepsy in 
adulthood and is often the most treatment resistant. In addition, in TLE patients, epilepsy 
duration and severity positively correlate to impaired cognition. Recent studies in rodent epilepsy 
models have demonstrated that tau, a microtubule associated protein, may play a key role in 
enhancing neuronal excitability, and in both human patients and fmouse models, tauopathies are 
associated with cognitive impairment. We thus hypothesized that in human TLE hippocampal 
and cortical tissue, both tau and phospho-tau are expressed at higher levels, as compared to 
controls and that this might be related to both the hyperexcitability and the cognitive impairment 
seen in these patients. 
We evaluated tau and phospho-tau Ser202/Thr205 (At8) expression by Western blot and 
immunofluorescent double labeling of human hippocampal and cortical samples from subjects 
with confirmed therapy-resistant TLE who underwent resective epilepsy surgery (n=8, ages 20-
56 years). These were compared to hippocampal and temporal lobe cortex samples from 
neuropathplogically normal autopsy cases (n=5, ages 20-58 years) as controls. 
Western blot quantification demonstrated a significant increase of both total tau (700.2% of 



control, p<0.0001) and phospho-tau (238.3% of control, p<0.1) in hippocampal tissue 
homogenates (n=6). Temporal neocortical samples (n=8) also showed increases in total tau 
(162.9% of control, p<0.1) and phospho-tau (404.7% of control, p<0.01) proteins. 
Immunohistochemical analysis revealed increased neuronal expression of tau and phospho-tau in 
both brain regions. The increased expression was also observed in reactive astrocytes and 
endothelial cells of microvessels. 
Together these results indicate a significant tau pathology in human TLE that may contribute to 
epileptogenesis and possibly cognitive decline. Our data, corroborated with previous pre-clinical 
studies, further suggest that targeting tau signaling may represent a novel therapeutic strategy for 
management of refractory TLE and its cognitive consequences. 
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Title: Reduced efficacy of the KCC2 cotransporter promotes epileptic oscillations in a 
subiculum network model 
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Abstract: Pharmacoresistant epilepsy is a chronic neurological condition in which a basal brain 
hyper excitability results in paroxysmal hyper synchronous neuronal discharges. Human 
temporal lobe epilepsy has been associated with dysfunction or loss of the potassium-chloride 
co-transporter KCC2 in a subset of pyramidal cells in the subiculum, a key structure generating 
epileptic activities. KCC2 regulates intra-neuronal chloride and extracellular potassium levels by 
extruding both ions. Absence of effective KCC2 may alter dynamics of chloride and potassium 
levels during repeated activation of GABAergic synapses due to interneuron activity. In turn 
such GABAergic stress may itself affect Cl- regulation. Such changes in ionic homeostasis may 
switch GABAergic signaling from inhibitory to excitatory in affected pyramidal cells and also 
increase neuronal excitability. Possibly they contribute to periodic bursting in pyramidal cells, an 
essential component in the onset of ictal epileptic events. We tested this hypothesis with a 
computational model of a subicular network with realistic connectivity. The pyramidal cell 
model explicitly incorporated the cotransporter KCC2 and its effects on the internal/external 
chloride and potassium levels Our network model suggested the loss of KCC2 in a critical 
number of pyramidal cells increased external potassium and intracellular chloride concentrations 
leading to seizure-like field potential oscillations. These oscillations included transient 
discharges leading to ictal-like field events with frequency spectra as in vitro. Restoration of 
KCC2 function suppressed seizure activity and thus may present a useful therapeutic option. 
These simulations therefore suggest that a reduced KCC2 cotransporter activity alone may 
underlie the generation of ictal discharges. 
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Title: Seizure prediction based on intracortical microelectrode-array LFPs in human focal 
epilepsy 

Authors: *M. AGHAGOLZADEH1,4, L. HOCHBERG2,3,4,5, S. CASH5, W. TRUCCOLO1,4,2;  
1Neurosci., 2Inst. for Brain Sci., 3Sch. of Engin., Brown Univ., Providence, RI; 4Ctr. for 
Neurorestoration and Neurotechnology, U.S. Dept. of Veterans Affairs, Providence, RI; 5Dept. of 
Neurol., Massachusetts Gen. Hosp. and Harvard Med. Sch., Boston, MA 

Abstract: Novel therapeutic interventions for treating pharmacologically resistant focal epileptic 
seizures have led to the development of closed-loop systems for seizure control. In a closed-loop 
seizure control system, electrical stimulation is delivered to prevent seizure initiation or spread 
once a seizure is detected or predicted to occur imminently. Current systems for seizure 
prediction/detection have been limited to tracking scalp-based electroencephalogram (EEG) or 
intracranial EEG (iEEG) signals. Here, we examine seizure prediction based on local field 
potentials (LFPs) recorded via a 10×10 intracortical microelectrode array implanted in a 4×4 
mm2 neocortical patch in a patient with focal seizures. We formulated the seizure (ictal) 
prediction problem in terms of discriminating between a period immediately leading to a seizure 
(preictal) and the interictal neural activity preceding that. In this study, we defined a priori the 
preictal time period as the 5 minute period leading to the ictal onset. We trained convolutional 
neural networks (CNNs) followed by fully-connected multilayer perceptrons (MLPs) under 
cross-validation. Input features consisted of the spectral power of LFP channels within 
consecutive 1-second time windows (0.5-second overlap). We estimated the spectral power 
within 10 separate frequency bands, namely ∆ (0-4 Hz), θ (4-8 Hz), α (8-12 Hz), β1 (12-18 Hz), 
β2 (18-25 Hz), γ1 (25-50 Hz), γ2 (50-80 Hz), high frequency oscillations (80-150 Hz), multiunit 
activity MUA1 (150-300 Hz), and MUA2 (300-500 Hz). The dataset included 5 seizures. Seizures 
were separated by at least 68 minutes. A postictal period of 20 minutes after seizure termination 
was removed from both the training and testing datasets. The total interictal data spanned 8.12 
hours and a leave-one-seizure-out cross-validation approach was used. We show that periods of 
preictal activity can be successfully discriminated from periods of interictal activity several (2 - 
18) minutes prior to seizure onset (80% detection; no false positives). A preictal classification 
(i.e. seizure prediction) made before the defined preictal period was considered correct if it 
extended continuously until the seizure onset time. Our preliminary results show that 
intracortical LFPs may be a promising neural signal for seizure prediction in human focal 
epilepsy. 
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Abstract: Closed-loop electrical stimulation of the brain can be used to investigate, probe, and 
potentially treat a range of neurological disorders. The effects of ongoing neural state and 
dynamics on stimulation response have broad implications for the development of closed-loop 
neuromodulation approaches. We describe the development of a low-latency platform for pre-
clinical, closed-loop neuromodulation studies with human participants. The system can detect 
neural events in real-time applications on up to 256 electrodes, with a brain-to-stimulation loop 
latency of 5ms. We illustrate the uses of the platform in exploratory stimulation sessions with 
individuals with epilepsy undergoing neuromonitoring prior to resective surgery. In these 
sessions, we tracked interictal epileptiform discharges, estimated as downward crossings of a 
dynamically computed RMS threshold on the local field potential, to trigger intracranial 
electrical stimulation. Our preliminary results suggest the relevance of ongoing neural state, at 
fine timescales, to the stimulation response. 
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Abstract: Rationale: Low Frequency Electrical Stimulation (LFES) has proven to be effective as 
an alternative treatment for refractory epilepsy. However, LFES requires brain surgery and deep 
implantation of electrodes in the brain. We investigated whether a non-invasive implementation 
of this method using low frequency sensory stimulation (LFSS) could provide an effective 
alternative to surgical resection or electrical stimulation for temporal lobe epilepsy. Methods: 
The kainic acid animal model of Mesial Temporal Lobe Epilepsy (MTLE) was implemented in 
order to assess the effect of Low Frequency Audio-Visual stimulation on the frequency and 
duration of seizures. Stimulation was presented in the form of 1-Hz flashing light and clicking 
sound. EEG recordings were obtained a week prior to stimulation and compared against EEG 
recordings during stimulation. Furthermore, evoked potentials were recorded during audio 
stimulation, visual stimulation, and paired audio-visual stimulation to compare amplitude and 
latency of each over a 2 hour recording period. Results: A 55% p<0.001 (from a baseline of 
21.14 ± 1.08 seizures/day to 5.47 ± 0.79 (N=8)) reduction in daily seizures was observed in the 
kainic acid model. The duration of seizures was also significantly reduced 63% p=0.0002. In 
comparing the evoked potentials from each of the stimulation paradigms all methods 
demonstrated sustained amplitude and latency over the course of the 2 hour stimulation session. 
The evoked potential from audio stimulation had an average amplitude of 100 µV ± 4.58 and an 
average latency of 41.1 ms ± 0.4. The paired audio-visual stimulation had an amplitude 142 µV 
± 4.82 and a latency of 40.3 ms ± 0.4. The visual stimulation had an amplitude of 139 µV ± 4.11 
and a latency of 60 ms ± 1.1. Conclusion: Significant reduction of seizure frequency/duration 
indicates that 1-Hz sensory stimulation can decrease excitability and frequency of seizures in the 
hippocampus. Moreover, the lack of habituation to the stimulation suggests that low frequency 
sensory stimulation can be effective over long periods of time. Keywords: epilepsy, low 
frequency stimulation, sensory stimulation, non-invasive treatment. Support: This study was 
supported by the NIH through grant 2R01NS060757-05A1 
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Abstract: REST (RE1-Silencer Transcription Factor), also known as NRSF (Neuron Restrictive 
Silencer Factor), acts at chromatin level as a neural transcriptional repressor of genes. Several 
studies have shown that after induction of seizures in animal models there is an overexpression 
of REST/NRSF. At present it is unknown if the expression of REST/NRSF is modified in brain 
tissue of patients with pharmacoresistant epilepsy. The aim of this study was to determine the 
expression of the gene coding for REST/NRSF Transcription Factor in hippocampus of patients 
with pharmacoresistant Mesial Temporal Lobe Epilepsy (MTLE), and investigate if clinical 
variables, like age, gender, treatments, etc., are associated with the results obtained. mRNA was 
extracted from hippocampal tissue of patients with intractable MTLE (n=28). The extracted 
mRNA was re-purified by magnetic bead affinity to ensure integrity and cDNA was synthesized. 
The levels of expression of the gene encoding REST/NRSF, were evaluated using hippocampal 
tissue from autopsy as controls (n=7) by real-time PCR. Finally we evaluated the correlation 
with clinical variables. The results show that gene expression of REST/NRSF in hippocampus of 
patients with MTLE increases 141.63% compared to autopsy tissue (p<0.05). No differences in 
the expression of REST/NRSF was observed in patients treated with valproic acid (VPA) alone 
or in combination with other antiepileptic drugs (AEDs) compared to tissue autopsy, whereas in 
those treated with other AEDs is overexpressed 46.53% (p<0.05). In addition, in tissue from 



autopsies, there is a negative correlation with age (r=-0.809, p<0.05), the older a lower 
expression of REST/NRSF. We conclude that in patients with TLE, the gene encoding 
REST/NRSF is overexpressed, regardless of the clinical variables, but treatment with VPA 
prevents this overexpression. In neurologically healthy subjects, the expression of REST/NRSF 
decreases with aging. 
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Abstract: Rationale: The pathological substrate in mesial temporal lobe epilepsy (MTLE) 
extends beyond the hippocampus to a network of cortical and subcortical structures. 
Identification of patient-specific epileptogenic networks is essential for modulating these 
networks to decrease seizure probability and characterize commonly involved structures in a 
cohort of MTLE patients. Multiple non-invasive methods including fMRI, scalp EEG, PET have 
been used to characterize epileptogenic networks. These methods do not have consistent 
activation or precise localization of interictal spikes and ictal onsets and effectively lack the 
spatio-temporal resolution to characterize epileptogenic networks. An optimal method for 
delineating these networks would be to use intracranial recordings in the inter-ictal state. As 
opposed to seizures, that are less frequent, inter-ictal spikes are numerous and occur over 
multiple components of the MTLE network, allowing us to estimate the flow of information 
between different brain regions. 
Methods: Intracranial recordings of 1 hour duration with frequent inter-ictal discharges were 
selected from pre-surgical intracranial recordings of 10 medically refractory epilepsy patients. 
Conditional probability and latency of propagation of inter-ictal spikes were computed using 



pairwise estimates of activity in all channels. These were then used to generate a graph 
theoretical model between all nodes (channels). A logistic regression model was then used to 
predict surgically resected channels using directed node degree, number of spikes in each 
channel and their interaction as predictors. The best predictor from the regression was 
normalized, thresholded and combined across patients to visualize a grouped MTLE network. 
Results: Directed node degree was the best predictor to classify the resected epileptogenic zone, 
determined by conventional clinical methods based on ictal onsets. The grouped network map in 
these MTLE patients revealed strong connections between hippocampus, amygdala and regions 
in frontal lobe, limbic system and temporal lobes. 
Conclusions: When compared to imprecise non-invasive techniques and interventional, time-
consuming stimulation methods, our method utilizes the routinely collected inter-ictal data to 
generate a map of the MTLE network. These maps may allow us to i) identify targets of a 
broader network for neuromodulation ii) identify patients with deviations from the “typical” 
epilepsy network who may not benefit from a resective procedure targeting medial structures iii) 
compare inter-ictal maps with a similar network obtained during seizure onset. 
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Abstract: Introduction: Sudden Unexpected Death in Epilepsy (SUDEP), accounts for up to 
17% of deaths in individuals with epilepsy, and more than half of deaths in patients with 
intractable epilepsy. The mechanisms underlying SUDEP remain unclear, but likely involve 



cardiac and/or respiratory dysfunction, which are partially mediated by temporal lobe structures. 
We used MRI-based analyses to determine if patients with left temporal lobe epilepsy (LTLE) 
exhibit more injury to autonomic-regulatory areas than healthy subjects or patients with other 
forms of epilepsy. 
Methods: Subjects were 10 patients with LTLE(mean age ± SD: 51 ± 16.6 yrs; 6 female) and 10 
age/gender-matched healthy controls (49 ± 10.4 yrs; 6 female). Additionally, we examined 11 
patients with complex motor seizures (40 ± 14.1 yrs; 8 female) relative to 11 age/gender-
matched healthy controls (40 ± 14.8 yrs; 8 female). Subjects were derived from Case Western 
Reserve University and the University of California at Los Angeles as part of the Center for 
SUDEP Research. High-resolution T1-weighted images, collected with a 3.0 Tesla MRI scanner, 
were subjected to entropy-based analysis to detect tissue homogeneity and randomness, with 
higher values corresponding to greater randomness, and thus, long-term injury. Images were 
bias-corrected, entropy maps calculated, normalized to a common space, smoothed, and 
compared between patients and controls using ANCOVA (covariates age, gender; SPM12, 
uncorrected threshold p<0.005). Results: LTLE patients exhibited significantly (P<0.005) higher 
levels of tissue entropy over controls throughout the brain in temporal lobe structures and in 
autonomic-regulatory brain regions, including the insular cortex, hypothalamus, basal forebrain, 
dorsal and midline thalamus, cingulate cortex, brainstem, and cerebellum (particularly deep 
autonomic cerebellar nuclei). LTLE patients exhibited clear bilateral hippocampal injury, despite 
the left hemispheric onset. Only minimal tissue homogeneity differences appeared in patients 
with complex motor seizures. Patients with complex motor seizures did not exhibit consistent, 
major long-term injury throughout the brain, likely a consequence of diverse focal origin. 
Damage was principally confined to small areas of white matter, thalamus, and occipital and 
cerebellar cortex.  
Conclusion: LTLE patients exhibited damage in regions associated with areas of seizure onset. 
The marked tissue homogeneity differences in autonomic brain regions of LTLE subjects did not 
appear in all types of epilepsy, and may contribute to elevated SUDEP risk. 
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Title: A sparse autoregressive model as feature extraction for seizure prediction in temporal lobe 
epilepsy 

Authors: *P.-N. YU, C. N. HECK, C. Y. LIU, D. SONG, T. W. BERGER;  
USC, Los Angeles, CA 

Abstract: Seizure prediction offers patients with epilepsy a better quality of life by allowing 
them to remove themselves from a dangerous situation. In addition, seizure prediction opens up 
the possibility to stop the ictal event. Autoregressive (AR) model has been used to extract the 
features of the interictal state and the preictal state of EEG data. After the extracted features are 
recognized by a classifier, the classifier can predict a seizure is coming if the following EEG data 
is recognized as the preictal state. However, determining which EEG channels to train the 
classifier is a judicious and subjective issue. 
This study proposes using sparse logistic regression as the classifier to statistically determine 
which EEG channels and AR coefficients to be used in seizure prediction. EEG data with 97 
channels were processed through the autoregressive model with order of 6 combined with the 
standard deviation of the residuals, thus ending up with 679 features. Approximately 100 out of 
the 679 features were statistically chosen by the sparse logistic regression. The 10 cross-
validation results show that the overall prediction error from the in-sample data is around 15%. 
In this study, autoregressive model with order of 6 are currently used. In the future, we will 
optimize the order of autoregressive model and hopefully decrease the prediction error. 
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Title: Interictal phase-amplitude coupling localizes epileptogenic tissue in temporal lobe 
epilepsy  

Authors: *B. M. BERRY1, M. T. KUCEWICZ2, J. J. DUQUE7, Y. VARATHARAJAH3, B. 
BRINKMANN3, V. KREMEN2, G. C. SIECK4, S. M. STEAD2, J. VAN GOMPEL5, M. R. 
SPERLING8, B. C. JOBST9, R. E. GROSS10, S. A. SHETH11, J. M. STEIN12, D. LEVY13, S. R. 
DAS12, R. GORNIAK15, D. RIZZUTO14, M. J. KAHANA13, G. A. WORRELL6;  
1Physiol. & Biomed. Engineering; Neurol., 2Neurol., 4Physiol. and Biomed. Engin., 5Neurosurg., 
6Neurology; Physiol. & Biomed. Engin., 3Mayo Clin., Rochester, MN; 7Dept. of Computing and 
Mathematics, Univ. of Sao Paulo, Sao Paulo, Brazil; 8Neurol., Jefferson Hosp., Philadelpha, PA; 
9Neurol., Dartmouth Col., Hanover, NH; 10Neurosurg., Emory Univ., Atlanta, GA; 11Neurosurg., 
Columbia Univ., New York, NY; 12Radiology, 13Psychology, 14Sch. of Arts and Sci., Univ. of 
Pennsylvania, Philadelphia, PA; 15Radiology, Jefferson Univ., Philadelphia, PA 

Abstract: Various interictal electrophysiologic biomarkers now exist as consistent indicators of 
epileptic brain regions such as High Frequency Oscillations HFOs and Interictal Epileptiform 
Discharges (IEDs). Phase-amplitude coupling (PAC) to date has not been heavily investigated as 
an interictal biomarker of seizure onset zone (SOZ). In a series of patients with drug-resistant 
epilepsy undergoing evaluation for surgery with intracranial EEG monitoring the effect of 
behavioral state (wake/sleep) and brain region (epileptic/non-epileptic) on PAC was investigated. 
The gold standard SOZ channels were determined by clinical review and behavioral state 
determined using simultaneous scalp EEG recordings. We show that spontaneous PAC occurs 
during interictal time far removed from seizures, and is markedly increased during IEDs. 
Furthermore, both the variance and the absolute value of PAC within a patient can be used to 
localize SOZ. The particular sleep state of the patient also appears to correlate with periods of 
significant changes in both PAC values and within channel PAC variance. Receiver-Operator 
Curves were used to evaluate the efficacy of localization relative to gold standard and the range 
of Area-Under-the-Curve (AUC) in this series was 0.52 - 0.90. The spectral characteristics of 
these PAC were also evaluated and while there was no significant difference seen between low-
gamma (30-55Hz), high-gamma (65-100 Hz), or epsilon-gamma (100-150Hz) frequency for 
amplitude ranges, there was in the alpha and beta frequency for phase ranges. Increases in PAC 
highly correlate with IEDs. However, after removing the segments containing IEDs localization 
was still possible. These findings reveal that PAC is increased in epileptic brain, and in many 
cases can be used as an additional interictal biomarker of SOZ, giving complementary 
information to currently utilized electrophysiologic measures. 
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Abstract: The lack of advancement in anti-epileptic drugs (AEDs) over the last 30 years, along 
with the continued need for improved proconvulsant screening in drug safety, motivates the need 
for new assays of seizurogenic neural activity. Previous work has established an in vitro 
approach for detecting and quantifying seizurogenic activity using multiwell microelectrode 
array (MEA) technology, providing a predictive and high-throughput avenue for the evaluation 
of the efficacy of AEDs and the proconvulsant risk of other drug candidates. Here, we present an 
updated assay of seizurogenic activity using the Axion BioSystems Maestro multi-well MEA 
system. We used previously published metrics for the detection of burst spiking events and the 
quantification of synchronization across a neural population, in spontaneous and evoked 
conditions. In addition, optogenetic approaches were used to systematically vary the network 
activity states. Data are included from rat cryopreserved cortical neurons evaluated with 16 
compounds, including AEDs (i.e. Carbamazepine, Phenytoin, Tiagabine), reference compounds 
with known proconvulsant risk (i.e. 4-Aminopyradine, Strychnine, Pentylenetetrazole, 
Picrotoxin), and negative control compounds. Our results support the combined use of evoked 
and spontaneous neural activity, collected using multi-well MEA technology, for the high 
throughput evaluation of complex neuronal networks in vitro to inform the development of 
AEDs, while also quantifying the proconvulsant risk of candidate pharmaceuticals in a pre-
clinical setting. 
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Title: Reduced entropy in patients with generalized tonic-clonic seizures 
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4Neurol., Univ. Col. London, London, United Kingdom; 5Neurol., Case Western Reserve Univ., 
Cleveland, OH 

Abstract: Rationale: Patients with epilepsy are at risk for Sudden Unexpected Death in 
Epilepsy (SUDEP); those who exhibit generalized tonic-clonic seizures (GTCs) are at even 
greater risk. Of recorded SUDEP deaths, a substantial proportion occurred nocturnally after a 
GTC. Using MRI-based entropy procedures, we assessed tissue texture, indicative of brain 
changes, in GTC patients relative to healthy controls to evaluate ongoing detrimental processes 
which may contribute to autonomic or breathing dysfunctions underlying SUDEP. Methods: As 
part of the Center for SUDEP Research, high resolution T1-weighted images were collected with 
a 3.0-Tesla MRI scanner from 53 patients with GTCs and 53 age- and gender-matched healthy 
controls at Case Western Reserve University, University College, London, and the University of 
California at Los Angeles. Images were bias-corrected, entropy maps calculated, normalized to a 
common space, smoothed, and compared between GTC patients and controls using ANCOVA 
(covariates age, gender; SPM12, family-wise error correction for multiple comparison, p<0.01). 
Results: Decreased entropy values, likely reflecting neuronal swelling, appeared in primary 
cortical motor/sensory areas, as well as key autonomic sites. The ventromedial prefrontal cortex, 
hippocampus and surrounding temporal cortex, and the insula also showed lower entropy values. 
In addition, decreased entropy appeared in the basal ganglia, anterior-medial cerebellum 
(including the deep autonomic nuclei), and external surfaces of the pons, with the more caudal 
medulla prominently affected. The anterior and posterior thalamus and midbrain also showed 
decreases. Only a few isolated regions showed increased entropy. Conclusions: Decreased 
entropy (increased tissue homogeneity, potentially resulting from inflammation or another cause 
of neuronal swelling) appears in major autonomic regulatory areas (ventromedial prefrontal 
cortex, insula, hippocampus, dorsal and ventral medulla, deep autonomic cerebellar nuclei) and 
multiple motor regulatory areas (sensory and motor cortex, basal ganglia, cerebellum), 
suggesting that GTC seizures have the potential to initiate injury both to autonomic regulatory 
and motor control sites. Since seizures in GTC patients arise from widespread brain areas, these 
analyses are unlikely to uncover areas of long-term injury that are consistent across patients, 
particularly as some have only infrequent GTCs. Future analyses, grouping patients by GTC 
severity or frequency, may reveal processes contributing to increased entropy, such as which 
appears in temporal lobe epilepsy. 
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Abstract: Of all the severe and intractable epilepsies, Lafora disease (LD) is among the most 
severe, and is inevitably fatal. Mutations in two genes have been identified that cause LD, 
EPM2A (laforin) and EPM2B (malin). Identification of the genetic basis for LD has opened up a 
new era in our understanding of the cause of LD, leading to rapid progress in the field. 
Mutations in either of these genes cause glycogen to transform into malformed (starch-like), 
aggregated inclusions called Lafora bodies. These inclusions overtake the cytoplasm of 
dendrites, and drive the progressive refractory seizure disorder. 
The human EPM2A gene encodes the phosphatase laforin and recessive mutations in EPM2A 
result in Lafora disease (LD). We previously defined that the physiological function of laforin is 
to dephosphorylate glycogen. In the absence of laforin activity, glycogen transforms into hyper-
phosphorylated, water-insoluble, starch-like inclusions that drive neuronal apoptosis, 
neurodegeneration, and eventual death of LD patients. LD patient missense mutations are 
dispersed throughout laforin, bringing to question the structural mechanism(s) of disease. 
We recently determined the crystal structure of human laforin at 2.4 Å bound to oligosaccharides 
with a phospho-glucan product at the active site. The structure reveals an integrated tertiary 
structure of the carbohydrate binding module and dual specificity phosphatase domains as well 
as an antiparallel dimer mediated by the phosphatase domain that results in a tetramodular 
architecture, positioning the two active sites ~31 Å from each other. We utilized the crystal 
structure and three solution-based, biophysical techniques along with biochemical analyses of 
LD patient mutations and structured guided mutations to probe this unique tertiary and 
quaternary structure. We define a cooperative mechanism of action for laforin as well as 
establish the effect of LD disease mutations, thereby providing atomic level insights that connect 
basic glycogen metabolism to human neurodegenerative disease. 
Cumulatively, this work allows us to provide a patient specific, molecular diagnosis of each LD 
laforin mutation. This personalized, molecular diagnosis will prove invaluable as our groups and 
others move towards a LD therapeutic and/or cure. 
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Title: Genetic and pharmacological treatment of hypomyelination in the zebrafish model for 
psychomotor retardation 

Authors: *L. APPELBAUM, D. ZADA, A. TOVIN;  
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Israel 

Abstract: Hypomyelination is a key symptom of the psychomotor retardation Allan-Herndon-
Dudley syndrome (AHDS), which is associated with mutations in the thyroid hormone 
transporter mct8. AHDS is characterized by severe intellectual deficiency, neuromuscular 
impairment, and hypothyroidism in the brain. In order to study the neurological mechanism and 
find potential treatments, we developed an mct8 mutant zebrafish (mct8-/-) as a model for 
AHDS. The transparent zebrafish is a vertebrate with simple yet conserved brain structure and 
function, and is amenable for live imaging of single cells and molecules. The mct8-/- larvae 
showed neurological phenotypes including pronounced hypomyelination. We found that the 
expression of genetic markers for oligodendrocyte progenitor cells increased while the 
expression of markers for mature oligodendrocytes decreased in mct8-/- larvae and adults. Two-
photon live imaging showed that the number of oligodendrocytes in the brain and the spinal cord 
is reduced in mbp:EGFP/mct8-/- larvae and juveniles. Pharmacological treatment with thyroid 
hormone analogs and other myelin promoting compounds partially recovered myelination in 
mct8-/- larvae. Intriguingly, treatment with the thyroid hormone T3 did not affect myelination in 
relatively late developmental stages, after the maturation of the blood-brain barrier (BBB), 
suggesting that T3 can not cross the BBB in the absence of the MCT8 transporter. Thus, we 
transiently expressed a MCT8-tagRFP fusion protein in the vascular system. This relatively low 



mosaic expression of MCT8-tagRFP specifically in endothelial cells of the vascular system 
completely recovered the number of oligodendrocytes in mct8-/- larvae. These results suggest 
that TH analogs and BBB-targeted gene-therapy can enhance myelination in AHDS and possibly 
in other thyroid-dependent brain disorders. 
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Abstract: X-linked adrenoleukodystrophy (X-ALD) is a devastating, rapidly progressing, 
demyelinating condition affecting boys with an incidence of about 1:17,000. Symptoms of X-
ALD first appear between the ages of 4 and 10 years of age and is almost always fatal within 2-3 
years. Hallmark pathophysiology includes accumulation of very long chain fatty acids (VLCFA), 
increased oxidative stress, and progressive axonopathy. Although a monogenic disease, arising 
from defects in the peroxisomal membrane transporter protein, ABCD1, it exhibits little to no 
genotype-phenotype correlation and this phenotypic variability complicates prognosis and 
treatment. Hematopoietic cell transplant during early-stage disease progression has shown some 
success, however adjuvant treatments are necessary and otherwise promising pharmacotherapies 
demand chronic treatments at dangerous doses. Recent advancements in dendrimer nanoparticle 
therapeutics provide platforms in which dendrimer-drug conjugates enable targeted and 
intracellular slow release of drugs requiring fewer treatments at lower drug concentrations. 
Previous work has shown the use of dendrimer-drug conjugates to be a non-toxic and effective 
mechanism of drug delivery. Moreover, we have demonstrated uptake of dendrimer-drug 
conjugates by affected cell types in both in vivo and in vitro models of X-ALD, and the adult 
slowly progressing form adrenomyeloneuropathy (AMN). Dendrimer conjugates have been 



detected within spinal cord neurons of the ABCD1 knockout mouse as well as within patient-
derived primary macrophages and fibroblasts. Furthermore, use of the anti-inflammatory/anti-
oxidant N-acetyl-ʟ-cysteine (NAC)-dendrimer conjugate (D-NAC) has resulted in reduced levels 
of inflammation within X-ALD patient macrophages as compared to drug treatment alone. 
Together, these models recapitulate the hallmark pathophysiology of ALD-related diseases and 
these findings demonstrate reductions in disease burden following nanoparticle treatment. 
Nanotherapeutic treatment strategies offer a novel method to effectively and selectively target 
affected cells and may provide new therapeutic opportunities for complex diseases such as X-
ALD. 
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Abstract: Treatment modalities that promote the functional regeneration of myelin, termed 
remyelination, remain in their infancy despite considerable investigation. In multiple sclerosis, 
physical exercise and participation in activities of daily living are associated with reduced 
disability with little mechanistic rationale. Considering environment-derived stimuli and activity 
are known to stimulate myelination in the healthy central nervous system, we investigated the 
capability of physical exercise to promote remyelination during pathology. We show that 
immediate therapeutic access to a running wheel enhances oligodendrocyte generation following 
a lysolecithin-induced demyelinating insult. We observe a 39% and 30% increase in 
oligodendrocytes at 7 and 14 days post lesion (dpl), respectively. At 7 dpl, 50% of all 
oligodendrocytes are PDGFRα+ progenitors and label for the proliferation marker Ki67. At 14 



dpl, these newly formed progenitors functionally differentiate into CC1+ mature 
oligodendrocytes, with progenitors making up <20% of all oligodendrocytes. Moreover, exercise 
increases the capacity for individual oligodendrocytes to form myelin segements resulting in a 
2.7 fold increase in the number of myelinated axons at 14 dpl and accelerates the thickening of 
myelin. We identify PGC-1α as an exercise-induced factor in oligodendrocyte progenitors, 
mature oligodendrocytes, and select astrocytes. Further, RNA sequencing of micro-dissected 
lesions reveals increases in key metabolic genes as a result of exercise. We suggest this is a 
PGC-1α-driven effect, as it is known to coordinate the transcription of metabolic genes in other 
contexts, and that this increased metabolic capacity in oligodendrocytes enhances remyelination. 
We are currently investigating this link further. Overall, this study demonstrates that physical 
exercise is an efficacious means to enhance remyelination and describes a novel PGC-1α-
dependant mechanism through which oligodendrocytes respond to physical activity and 
myelination is coupled to metabolism. 
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Title: Neuregulin-1 promotes oligodendrocytes replacement and fosters a pro-regenerative 
inflammatory response in focal demyelinating lesions of the spinal cord 
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Abstract: Oligodendroglial cell death and demyelination are hallmarks of CNS injuries and 
multiple sclerosis resulting in axonal damage and functional impairments. Restoration of myelin 
sheath (remyelination) remains a major obstacle as the ability of endogenous neural precursor 
cells (NPCs) for oligodendrocyte replacement is hindered in the unfavorable milieu of 



demyelinating conditions. Our recent evidence in spinal cord injury indicates that drastic 
downregulation of Neuregulin-1 (Nrg-1), a critical growth factor for development and function 
of oligodendrocytes, may challenge the endogenous replacement of oligodendrocytes following 
injury. Here, in a rat model of lysolecithin (LPC)-induced demyelination, we demonstrate that 
Nrg-1 is also dysregulated in focal demyelinating lesions. We delivered recombinant human 
Nrg-1β1 (rhNrg-1β1) intraspinally at the time of LPC injections using poly lactic-co-glycolic 
acid (PLGA) nanocarriers. Spinal cord tissues were analyzed with ELISA, Western blotting and 
immunohistology at different time-points after LPC injections. Our findings show that rhNrg-
1β1 treatment enhances oligodendrocyte and axonal preservation and promotes oligodendrocyte 
generation and myelin basic protein expression. Interestingly, Nrg-1 also fosters a 
neuroprotective and pro-regenerative inflammatory response characterized by induced 
interleukin-10 (IL-10) and arginase-1 (Arg1) expression in LPC-demyelinating lesion. Our 
complementary in vitro studies using brain derived primary rat adult NPCs and adult rat dorsal 
root ganglion neurons (DRGs) also provided direct evidence that availability of Nrg-1 
significantly increases the number of myelin basic protein expressing cells in DRG-NPC co-
cultures cells. Mechanistically, our co-immunoprecipitation studies for ErbB receptors in NPCs 
revealed that Nrg-1 specifically mediates it effects through ErbB4 receptor activation. In 
conclusion, our work provides new evidence suggesting an impact for Nrg-1 in promoting 
oligodendrocyte replacement and axonal remyelination in demyelinating lesions of the CNS that 
is in part attributed to the anti-inflammatory effects of Nrg-1. Supported by the CIHR, Research 
Manitoba and Rick Hansen Institute. 
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Title: Antisense oligonucleotides (ASOs) targeting mouse GFAP reverse pathology in a model 
of Alexander disease 

Authors: *B. POWERS1, T. HAGEMANN2, S. WHEELER2, C. MAZUR1, E. SWAYZE1, A. 
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Abstract: Alexander disease (AxD) is a rare, generally fatal leukodystrophy caused by 
autosomal dominant missense mutations in the gene for glial fibrillary acidic protein (GFAP). 
Considerable evidence supports the hypothesis that these mutations act in gain-of-function 
fashion, with accumulation of GFAP above a toxic threshold causing a cascade of effects both 
within astrocytes and on other cells of the CNS. GFAP and other proteins accumulate into 
Rosenthal fibers, the aggregates within cell bodies and processes of astrocytes that are the 
pathological hallmark of the disease. Seizures, megalocephaly and developmental delay are 
common symptoms, although many late-onset patients exhibit bulbar signs and motor 
disturbances instead. AxD has been modeled in mice by engineering point mutations in the 
endogenous mouse gene (Gfap) orthologous to those found in patients. Gfap+/R236H mice 
spontaneously increase GFAP mRNA and protein, exhibit the pathognomonic Rosenthal fibers, 
and an increased sensitivity to kainate-induced seizures. There are currently no treatments for 
AxD, but one possible therapeutic route is to reduce GFAP gene expression. To investigate the 
potential of ASOs to reduce mouse GFAP expression and disease pathology in AxD models, we 
screened for ASOs that efficiently targeted mouse GFAP. We chose ASOs that most potently 
reduced GFAP mRNA in mouse primary cortical cultures and injected them via single 
intracerebroventricular (ICV) bolus in wild-type mice. Four ASOs significantly reduced GFAP 
mRNA and protein in brain and spinal cord up to 8 weeks after a single bolus injection. Next, 
lead ASOs were injected via ICV bolus in Gfap+/R236H mice. We found marked suppression (up 
to 99%) of GFAP mRNA as well as protein in soluble, insoluble, and Rosenthal fiber enriched 
brain lysate fractions. Strikingly, GFAP ASOs also reversed Rosenthal fiber pathology in mutant 
mouse brains, and markedly reduced microglial activation/recruitment as indicated by Iba1 
staining. Last, ASOs also significantly reduced Nqo1 mRNA in Gfap+/R236H mice, indicating a 
reversal of activation of the Nrf2/ARE antioxidant stress pathway found in this model. In 
conclusion, we have developed several ASOs targeting mouse GFAP that show great promise in 
preclinical studies as an approach for treating AxD. 
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Title: FTY720 restores brain-derived neurotrophic factor expression in a multiple system 
atrophy model 

Authors: I. SEGURA-ULATE, B. YANG, J. VARGAS-MEDRANO, *R. G. PEREZ;  
Biomed. Sci., Texas Tech. Univ. Hlth. Sci. Ctr. - El Paso Campus, El Paso, TX 

Abstract: Multiple system atrophy (MSA) is a rare and rapidly progressing demyelinating 
neurodegenerative disorder with no effective treatments. Most MSA patients progress from 
diagnosis to death in 10 years. MSA pathology is characterized by accumulation of the protein α-
synuclein (aSyn) in oligodendroglia cells (OLGs), the myelinating cells of the brain. Importantly, 
aSyn is not normally expressed in mature OLGs but rather taken up from extracellular aSyn 
secreted by neurons. aSyn accumulation has deleterious effects in OLGs; including decreased 
expression of the potent protective molecule, brain derived neurotrophic factor (BDNF). 
Additionally, increasing BDNF in an MSA mouse model or supplementing an MSA OLG cell 
model with BDNF reduces their respective MSA dysfunction. Therefore, increasing OLG BDNF 
may be beneficial for MSA. We first modeled the effects of aSyn neuron-to-OLG transfer on 
BDNF expression in OLGs, using an in vitro aSyn uptake model using the OLG cell line, OLN-
93. We incubated cells with recombinant human aSyn for 12 hr and confirmed aSyn uptake by 
immunoblot and immunocytochemistry. aSyn uptake decreased BDNF expression in OLN-93 
cells as determined by qPCR. In an attempt to reverse the BDNF downregulation in response to 
aSyn, we also evaluated FTY720 (fingolimod, Gilenya), an FDA-approved drug for multiple 
sclerosis that is known to stimulate BDNF expression in many neural cells. Treatment with 
FTY720 alone significantly increased BDNF expression in OLN-93 cells, and the loss of BDNF 
in response to aSyn could be reversed by co-treating with FTY720 + aSyn. As FTY720 has also 
been shown to inhibit histone deacetylases (HDAC); we evaluated OLN-93 cells for FTY720 
effects on histone acetylation, both globally and at BDNF promoters. Immunoblots confirmed 



increased histone 3 acetylation (AcH3) levels in response to FTY720. Furthermore, chromatin 
immunoprecipitation assays showed that AcH3 levels were specifically increased at BDNF 
promoter 1 in OLN-93 cells treated with FTY720. Here, we report that BDNF expression in 
OLGs was downregulated by aSyn uptake and that this effect was reversed by FTY720. 
Furthermore, we found that HDAC inhibition is a potential mechanism by which FTY720 
upregulated BDNF in OLN-93 cells. Similar studies with our novel FTY720 analogues, 
FTY720-Mitoxy and FTY720-C2, also increased neurotrophic factor expression in OLN-93 
cells. Thus, FTY720s may be beneficial for MSA, as we are now pre-clinically exploring in an 
MSA mouse model. 
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Title: Mir-146a promotes oligodendrogenesis in the demyelinating central nervous system 
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Abstract: Multiple sclerosis (MS) is a demyelinating autoimmune disease in the central nervous 
system (CNS) characterized by failure of remyelination. Inefficiency of oligodendrocyte 
progenitor cell (OPC) differentiation into myelinating oligodendrocytes is a key factor leading to 
failure of remyelination. MicroRNAs (miRNAs) are mediators of post-transcriptional control of 
gene expression. We hypothesized that miR-146a, by promoting differentiation of OPCs, will 
enhance remyelination. Two models of demyelination were employed: 1) experimental 
autoimmune encephalomyelitis (EAE), an animal model of MS. EAE mice were intravenously 
injected with miR-146a mimics or controls labeled with fluorescent CY3 once a week for six 
weeks, starting at day 14 post immunizations (p.i.); and 2) cuprizone (CPZ) diet model, a non-



inflammatory demyelination model. After fed CPZ diet for 5 weeks, mice were continuously 
infused miR-146a mimics or controls into the corpus callosum for 7 days using an mini osmotic 
pump. Immunofluorescent staining, ELISA, RT-PCR and Western blot were used to measure the 
profile of differentiation of OPCs, remyelination and T cell responses, and to investigate the 
possible underlying mechanisms of miR-146a action. Data revealed that in the EAE model, miR-
146a mimics 1) significantly improved neurological outcome from day 27p.i. up to day 90p.i; 2) 
targeted OPCs in the lesion areas; and 3) significantly increased the number of BrdU+/APC+ 
cells (newly generated oligodendrocytes), APC+ mature oligodendrocytes and myelin basic 
protein (MBP) level in the spinal cord; 4) increased Th2 and Treg cells, and decreased Th1 and 
Th17 cells, as well as their related cytokines, compared with the controls (p<0.05), respectively. 
Furthermore, we confirmed that miR-146a mimics targeted OPCs and promoted OPC 
differentiation into myelinating oligodendrocytes in the CPZ demyelinating model. Elevation of 
miR-146a level inhibited the toll-like receptor 2 (TLR2) and interleukin-1 receptor-associated 
kinase 1 (IRAK1) pathways in the both demyelinating models. Collectively, miR-146a promotes 
remyelination by indirectly acting on CD4+ T cells, and directly acting on OPCs to enhance 
functional recovery. This study provides the cellular and molecular basis for the therapeutic 
effects of miR-146a on remyelination with great potential for treatment of demyelinating 
disorders. 
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Abstract: Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central 
nervous system. Considerable research has targeted the immune system as a mediator of disease 
progression. Infiltration by a heterogeneous population of immune cells including T cells, B cells 



and macrophages, along with increased levels of pro inflammatory cytokines contribute to 
disease. While current standard of care is effective in preventing progression, comprehensive 
treatment will include both a reduction in the inflammatory response as well as promotion of 
remyelination. Multipotent adult progenitor cells (MAPC®) are a well characterized population 
of bone marrow-derived cells that exhibit immunomodulatory effects in central nervous system 
injury models such traumatic brain injury, stroke, and spinal cord injury. Here we show that 
MAPC cell therapy reduces deficits in a mouse model of myelin oligodendrocyte glycoprotein 
(MOG)-induced experimental allergic encephalomyelitis (EAE). MAPC administered at the time 
of symptom onset, or two weeks following symptom onset, resulted in statistically significant 
behavioral improvement compared to vehicle treatment. Luxol fast blue staining demonstrated 
decreased lesion burden within the spinal cord, and a shift from complete to partial lesions, in 
MAPC-treated animals compared to controls and electron microscopic analysis provided 
evidence of remyelination. Additionally, direct injection of MAPC cells into lysolecithin-induced 
spinal cord lesions resulted in an increased white matter density, suggesting a reduction in 
demyelination and/or promotion of remyelination. As the immunomodulatory capacity of MAPC 
therapy is well characterized, we next investigated the ability of MAPC cells and MAPC cell-
secreted factors to promote the differentiation of mouse oligodendrocytes. In vitro, we observed 
a significant increase in the number of myelin basic protein (MBP) and O1 positive 
oligodendrocytes in the presence of MAPC cells or MAPC cell-conditioned media when 
compared to control. Depletion of extracellular vesicles from MAPC cell-conditioned media 
diminished the increase of MBP and O1 positive cells. Our results suggest that MAPC cell-
secreted soluble factor(s) and/or extracellular vesicles are capable of driving oligodendrocyte 
differentiation. We are currently investigating the role of MAPC cell therapy in the regulation of 
human oligodendrocyte maturation. 
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Authors: *M. P. HEFFERAN1, K. SCHWARTZ3, T. HAZEL2, K. JOHE2, M. LEVY3;  
1Neuralstem Inc., San Diego, CA; 2Neuralstem Inc., Germantown, MD; 3Johns Hopkins Univ., 
Baltimore, MD 

Abstract: Demyelinating diseases of the central nervous system, including Multiple Sclerosis, 
Optic Neuritis, and Transverse Myelitis, affect over 400,000 individuals in the United States 
alone. In addition, progressive demyelination is a pathological component of spinal cord injury, 
which affects over 200,000 additional individuals. A promising strategy for restoring neurologic 
function in such populations involves transplantation of expanded precursor cell populations 
with the capability to remyelinate host axons. However, this approach requires that grafted cells 
survive in a hostile environment, migrate throughout areas of injury or damage, and produce 
structurally organized myelin sheath. Here we report results obtained using a clinical grade 
human neural precursor cell line, NSI-777, that can be expanded extensively (>109-fold) under 
chemically defined conditions and can myelinate host axons after demyelination induced by 
diverse mechanisms including autoimmune processes, chemical injury, or contusion. We tested 
the ability of NSI-777 to integrate and generate myelin after grafting. NSI-777 injected into 
corpus callosum and striatum of nude rats survived for at least 6 months and migrated 
extensively from the graft site, as demonstrated by HuNu staining. Similarly, upon grafting into 
brains of myelin-deficient shiverer pups NSI-777 showed myelination of axon tracts throughout 
the brain, including corpus callosum, fimbria, and cerebellum, indicated by expression of Olig2 
and myelin basic protein (MBP) in HuNu-positive cells. We also evaluated the ability of NSI-
777 to engraft in rodent models of demyelination. We first assessed the survival and 
differentiation of cells in models of focal chemical demyelination and spinal cord contusion. In 
both cases cells migrated widely from the site of grafting and differentiated into 
oligodendrocytes in high proportions, reflected by expression of Olig2 and MBP in HuNu-
positive cells. We then evaluated the ability of NSI-777 to survive and integrate in an 
inflammatory environment using a mouse model of multiple sclerosis, experimental autoimmune 
encephalomyelitis (EAE). A large portion of grafted cells were found within EAE lesions. The 
cells were Olig2/MBP immunopositive and had fibrous processes with MBP ring-like terminal 
structures, likely examples of putative myelination by NSI-777. We conclude that NSI-777, a 
clinical grade line of human neural precursors that can be extensively expanded, can survive, 
migrate, and differentiate into functional oligodendrocytes in unmyelinated and demyelinated 
rodent models. 
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Title: Therapeutic effect of sephin1 on the mouse model of multiple sclerosis, experimental 
autoimmune encephalomyelitis 

Authors: *Y. CHEN, B. POPKO;  
Univ. of Chicago, Chicago, IL 

Abstract: Multiple sclerosis (MS) is a chronic autoimmune neurological disease most often 
initiating in young adults. Clinical manifestations are diverse and often disabling, and current 
immunomodulatory therapies have limited benefit. Immune-mediated oligodendrocyte apoptosis 
along with subsequent demyelination and axonal degeneration are key attributes of MS 
progression. Here we explored the therapeutic potential of the integrated stress response (ISR) in 
providing increased protection to oligodendrocytes and myelin from inflammatory insults. The 
ISR is a cytoprotective response that is activated by a variety of cytotoxic insults, including 
inflammation. The ISR is initiated by phosphorylation of eukaryotic translation initiation factor 2 
alpha (P-eIF2α) to diminish global protein translation and selectively allow for the synthesis of 
protective proteins. P-eIF2α is dephosphorylated to terminate the ISR, ensuring the re-initiation 
of translation . Sephin1 is a recently-identified ISR modifier that inhibits eIF2α 
dephosphorylation, thereby prolonging the ISR protective response. We demonstrated that 
sephin1 significantly delayed the onset of clinical symptoms in a mouse model of MS, 
experimental autoimmune encephalomyelitis. Importantly, we found that the protection provided 
by sephin1 correlates with reduced oligodendrocytes loss and demyelination in the lumber spinal 
cord. Moreover, sephin1 suppressed the inflammatory infiltration into the central nervous 
system. Our results suggest that an oligodendrocyte-protective treatment based on the 
enhancement of the ISR would likely have significant therapeutic value for MS patients. 

Disclosures:  Y. Chen: None. B. Popko: None. 
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patients. 

Authors: *F. MIR, D. BLEMUR, S. A. SADIQ;  
Tisch MS Res. Ctr. of NY, New York, NY 

Abstract: The prostanoid thromboxane A2 is an arachidonic acid metabolite generated by the 
activation of phospholipase A2 from the cell membrane phospholipid pool. Thromboxane A2 
binding to its receptor (TPR) has been documented to have varied effects in cell types and 
regulates hemostasis, immune function and inflammation among others. TPR signaling has been 
shown to function in multiple cell types in the brain. In the current study we investigate its 
involvement in multiple sclerosis and its animal model experimental autoimmune 
encephalomyelitis (EAE). Thromboxane A2 I levels in the cerebrospinal fluid (CSF) were 
determined by measuring its downstream metabolite thromboxane B2 using an ELISA from 
Cayman chemicals, USA. CSF was obtained from controls and MS patients with informed 
consent under an IRB-approved protocol. We found that thromboxane A2 levels were 
significantly increased in the CSF of multiple sclerosis patients (222.6±45.1 pg/ml; n = 75) as 
compared to controls (108.2 ± 14.3 pg/ml; n = 25). This increase was more pronounced in the 
CSF of active MS patients. In a parallel EAE study, the expression levels of the thromboxane A2 

receptor (TPR) in the brain and spinal cord were found to be upregulated in the wild-type mice 
and this increase in TPR levels correlated with the disease course. Furthermore, using an 
inducible oligodendrocyte specific TPR knockout mouse model, we found that TPR deficiency 
in oligodendrocytes exacerbates EAE scores in these mice as compared to wild type controls. 
The upregulation of thromboxane A2 signaling during active MS and EAE indicates its potential 
involvement in the pathophysiology and warrants further investigation. 
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Title: Cerebrospinal fluid biomarkers of disease phenotype and activity in multiple sclerosis. 
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Abstract: Multiple sclerosis (MS) is an inflammatory demyelinating disease, which is associated 
with progressive disability, cerebellar dysfunction, and cognitive impairment. There is an unmet 
need for accurate and predictable biomarkers that reflect ongoing disease activity and allow for 
optimized therapeutic management. In recent years, a number of candidate cerebrospinal fluid 
(CSF) biomarkers have been discovered through unbiased proteomic approaches. 
Angiotensinogen has been implicated in regulating the permeability of the blood-brain barrier, 
and lowered CSF levels of its metabolite, Angiotensin II, have been correlated with MS. 
Contactin-1 has been identified at reduced levels in the CSF of MS patients. Kallikrein-6 is 
elevated in the CSF of secondary progressive MS patients. Heightened expression of Superoxide 
Dismutase (SOD) 1 and 2 has been found in MS gray matter. Increased levels of CSF 
Osteopontin have been correlated with disease severity and relapse rate. Significant elevation of 
CSF Fetuin-A has been correlated with active disease. Finally, decreased CSF levels of ITM2B 
(Bri2) have been associated with cerebellar and cognition impairment. Our objective was to 
correlate CSF biomarkers with MS subtype, levels of disability, disease activity, clinical 
phenotype, and treatment. CSF was collected from consenting patients seen at the International 
Multiple Sclerosis Management Practice, along with demographic and clinical information 
including MS subtype, treatment, and EDSS. Cerebellar function was assessed by FS2 scale. 
CSF was immediately centrifuged, and cells were counted using hemacytometer. CSF 
supernatant was stored at -80°C until use. Angiotensinogen, soluble SOD1, soluble SOD2, 
Fetuin-A, Osteopontin, Kallikrein-6, Contactin-1, and ITM2B were measured in CSF by 
Luminex Assay or ELISA. We found a very strong relationship between CSF levels of SOD1, 
SOD2, Kallikrein-6 and Contactin-1, whereas neither Angiotensinogen nor ITM2B showed a 
significant correlation with any other biomarker. Moreover, there was a significant correlation 
between Angiotensinogen and CSF cell count, supporting its involvement in blood brain barrier 
permeability. A number of biomarkers were found to be significantly reduced in CSF from 
patients with cerebellar dysfunction, including ITM2B, SOD1, SOD2, Contactin-1 and 
Kallikrein-6. In addition, ITM2B levels were significantly reduced in the overall pool of patients 
on disease-modifying treatment compared to untreated patients. Our results identify a panel of 
CSF biomarkers that reflect neuroinflammation and cerebellar dysfunction associated with MS. 
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Title: Alterations of tryptophan metabolites in patients with multiple sclerosis 
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Abstract: Background: Aim of the present study was to investigate changes of tryptophan 
metabolites along the kynurenine pathway in the cerebrospinal fluid (CSF) and serum of patients 
with multiple sclerosis (MS). 
Patients and Methods: Patients were recruited from the Neurological Department of the 
General Hospital Amstetten and Neuropsychiatric Hospital Mauer, Austria. Two groups were 
formed: clinically probable MS (n=63) and clinically definite MS (n=44) according to diagnostic 
criteria for MS. The amount of L-tryptophan, L-kynurenine, kynurenic acid and anthranilic acid 
in CSF and serum of patients (n=107) and corresponding control subjects (CO; n=26) were 
analysed by HPLC method. Correlations of changes were evaluated. Student’s t-Test and one-
way-ANOVA were applied. The study was performed according to the ethical regulations of the 
government of Lower Austria. 
Results: Kynurenic acid levels were increased significantly in the serum of definite and probable 
MS (143% and 170% of CO, p<0.01) and in the CSF of definite MS (352% of CO; p<0.01) but 
not in CSF of probable MS patients. Anthranilic acid was increased significantly in serum of 
definite and probable MS (284 % and 291% of CO, p<0.01). Ratio: anthranilic acid to L-
kynurenine was increased significantly in the serum of probable MS (246% of CO) but not in the 
CSF; ratio anthranilic acid to kynurenic acid was increased significantly in the serum of probable 
and of definite MS (212% and 241% of CO, p<0.05), but not in the CSF. 
Conclusion: Tryptophan metabolism along kynurenine pathway is activated differently in the 
periphery and in the CNS of definite and probable MS patients. Significant augmentation of 
kynurenic acid levels was observed in the CSF of definite MS patients, but not of probable MS 



patients, suggesting activation of cells, respectively of cell compartments, synthesizing 
kynurenic acid and specific for MS development. Lowering of glia depressing factor, which we 
have proposed previously, might be involved in the overactivation of cells respectively, 
activation of tryptophan metabolism along the kynurenine pathway in MS patients. Study 
supported by Project LS 10-32, NFB Austria and by OptimaMed Austria. Corresponding author: 
halina.baran@neuro-lab.eu 

Disclosures:  B. Kepplinger: None. B. Sedlnitzky-Semler: None. J. Reuss: None. H. Baran: 
None. 

Poster 

693. Demyelinating Disorders: Human and Animal Studies 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 693.04/N17 

Topic: B.13. Demyelinating Disorders 

Support: Gemeinnützige Hertie Stiftung 

Title: Cellular and molecular mechanisms of spine loss in an animal model of cortical multiple 
sclerosis 

Authors: *A. SCHUMACHER1,2, M. JAFARI1,2, T. NEZIRAJ1,2, S. SCHMIDT1,2, T. 
JÜRGENS3, M. KREUTZFELD3, D. MERKLER3,4, M. KERSCHENSTEINER1,2,5;  
1Inst. of Clin. Neuroimmunology, LMU Muenchen, Muenchen, Germany; 2BioMedical Ctr. 
(BMC), Munich, Germany; 3Dept. of Pathology and Immunol., Univ. of Geneva, Geneva, 
Switzerland; 4Div. of Clin. Pathology, Geneva Univ. Hosp., Geneva, Switzerland; 5Munich 
Cluster of Systems Neurol. (SyNergy), Munich, Germany 

Abstract: In Multiple Sclerosis (MS), the inflammatory, demyelinating lesions in the white 
matter have traditionally been attributed to be the main cause of neurological disability. 
However, over the recent years it has become increasingly clear that the degree of neurological 
disability shows only limited correlation to the observed numbers and extent of lesions in the 
white matter. In addition, most MS patients develop also complex and most disabling 
neuropsychological impairments, such as fatigue, cognitive decline and depression. Indeed 
refined histopathological and MRI techniques have revealed that MS lesions also appear in the 
gray matter of MS patients. In previous work, our group was able to show a primary reduction of 
spine density that occurred both in demyelinated lesions and even in normal-appearing areas of 
MS cortex. We could now reproduce the widespread spine loss seen in the MS tissue in an 
animal model of cortical MS pathology. Using transgenic reporter mouse lines, we then 



characterized the distribution and contribution of infiltrating mononuclear phagocytes and 
activated resident microglia. In vivo 2-Photon imaging of neurons, which we virally labeled with 
the genetically-encoded calcium indicator protein Twitch-2B, further allows us to monitor 
neuronal calcium levels in relation to spine and dendrite pathology. By studying the interactions 
between mononuclear phagocytes and neurons and the resulting changes of intracellular calcium 
levels over time, we aim to resolve the mechanisms underlying inflammatory spine loss and 
thereby establish the basis for the development of new treatment strategies that counteract 
cortical MS symptoms. 
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Abstract: Multiple Sclerosis (MS) is an inflammatory disease of the CNS and one of the major 
causes of neurological disability. Damage to cortical grey matter is reported from early stages of 
the disease increase with disease duration and are associated with physical disability and 
cognitive impairment. To better understand how grey matter pathology is initiated we recently 
reconstructed cortical projection neurons in autopsy tissue from multiple sclerosis patients. Our 
analysis revealed a widespread and pronounced loss of dendritic spines that was present both in 
demyelinated and normal-appearing areas of the MS cortex. To further investigate the 
mechanisms involved in the elimination of dendritic spines, we have now established a mouse 
model of cortical MS pathology that is induced by the stereotactic cortical injection of pro-



inflammatory cytokines in mice immunized with the myelin oligodendrocyte glycoprotein. In 
this model cortical demyelination was primarily detected in subpial areas reminiscent of the 
cortical lesion type III pathology observed in human MS samples. Using high resolution confocal 
imaging, we studied the apical dendrites of transgenically labelled cortical layer 5 pyramidal 
neurons and detected a widespread loss of spines both ipsi- and contralateral to the injection site 
in all cortical layers mimicking the pathology we previously reported in human tissue and 
supporting an inflammatory pathogenesis of the synaptic pathology. 
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Abstract: In multiple sclerosis patients, sensory evoked potentials can serve as a biomarker of 
functional neurotransmission in central nervous system pathways. However, since changes in 
myelination, inflammation, and axonal degeneration can occur together in the disease, it is 
challenging to know how any one process contributes to evoked potential changes. In the 
Rosa26-DTA; PLP-Cre (“DTA”) mouse model of induced oligodendrocyte ablation, 
demyelination and subsequent remyelination have been reported without extensive axonal 
degeneration or inflammation (Traka et al., Brain, 2010). We monitored visual, auditory, and 
somatosensory evoked potentials (VEP, AEP, and SSEP) longitudinally in DTA mice with 
electrodes chronically implanted over the respective sensory cortical areas. Beginning 4 weeks 
after model induction (by tamoxifen administration), we observed an increase in AEP latency 
(p<0.0001, 2-way ANOVA) and SSEP latency (p<0.001, 2-way ANOVA) in tamoxifen-injected 
mice relative to vehicle-injected (control) mice. VEP latencies, in contrast, were unaffected at the 
tamoxifen dose employed. Continued monitoring of AEPs revealed that the latency increase was 
maximal 8 weeks after model induction, when the peak latency was 35% longer in tamoxifen-
treated compared to control mice (23.7 +/- 0.4 vs. 17.6 +/- 0.2 ms). Thereafter, AEP latencies 



gradually recovered, being only 11% longer in tamoxifen-induced mice by week 12 (19.9 +/- 0.3 
vs. 18.0 +/- 0.3 ms). The timecourse of the AEP latency increase and its subsequent recovery 
suggests that it may reflect changes in CNS myelination (demyelination followed by 
remyelination) previously reported in this model. To assess peripheral neurotransmission, we 
also measured the compound muscle action potential (CMAP) in the mice. Pronounced changes 
in CMAP latency (p<0.0001, 2-way ANOVA) as well as amplitude (p<0.0001, 2-way ANOVA) 
were observed in tamoxifen-induced mice. However, these changes began and recovered with an 
accelerated timecourse relative to the AEP and SSEP changes, suggesting that the mechanisms 
driving peripheral changes are distinct from those driving the AEP and SSEP changes. To further 
test the hypothesis that AEP and SSEP latency changes reflect CNS demyelination and 
remyelination, and support their use as a translational biomarker of these processes, histological 
examination of relevant neural pathways are being performed. 
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Title: Human macrophages in Adrenoleukodystrophy show phenotypic specific cytokine and 
glutamate response to very long chain fatty acid stimulation 
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Abstract: Adrenoleukodystrophy is an X-linked peroxisomal disorder due to ABCD1 mutation 
and very long chain fatty acid (VLCFA) accumulation. Metabolic and oxidative stress are 
proposed central effectors of general ALD cell pathology, while microglia activation in brain has 
been indicated as a mediator of deadly cerebral disease. We attempted to create indiviual 
macrophage models from each ALD patient and phenotype in order to determine reaction to 
stimulation with VLCFAs C24:0 and C26:0.Peripheral Blood Mononuclear Cell (PBMC) culture 
was derived froml consented ALD patients (n=21) and healthy controls (n=5) at Kennedy 
Krieger Institute, then differentiated into M1 polarised macrophages over 7 days. Monocyte and 
macrophage cultures were stimulated with VLCFA and lipopolysaccharide (LPS) at multiple 
timepoints and doses.Monocytes and Macrophages showed dose dependant response to LPS 
stimulation in secretion of pro-inflammatory cytokines IL-6 and TNFalpha. VLCFA stimulation 
showed high fold over base increase in cerebral ALD phenotype, but not heterozygote female 
carrier (Het) or adrenomyeloneuropathy (AMN) of TNF alpha and Glutamate. 
A phenotypic specific PBMC in-vitro cytokine response may indicate either a cytokine profile 
shift after cerebral disease onset, or discernible prognistic parameter before cerebral onset. 
Additionally, this novel in-vitro model may serve in testing pharmacological agents in reducing 
pro-inflammatory cytokine production or other oxidative stress parameters in ALD. 
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Abstract: Enlarged perivascular spaces (EPVS) have been recently proposed as a means to 
investigate abnormalities of the brain glymphatic system, which is considered to have a role in 
the clearance of neurotoxic metabolites. Multiple Sclerosis (MS) patients showed higher EPVS 
count and volume compared to healthy individuals in a few recent case-control MRI studies. 
EPVS have also been associated with relapses and brain atrophy in MS patients, thus supporting 
the role of impaired glymphatic clearance of neurotoxic metabolites in neuroinflammatory and 
neurodegenerative features of the disease. 
In this study we investigated the relevance of EPVS to clinical disease worsening in MS. We 
retrospectively selected from the CLIMB (Comprehensive Longitudinal Investigation of 
Multiple Sclerosis at Brigham and Women’s Hospital) study cohort relapsing-remitting MS 
patients (RRMS) who converted to confirmed (≥2 years) Expanded Disability Status Scale 
(EDSS) score ≥3 within a follow-up period ≥3 years. We contrasted the baseline EPVS score of 
30 converters, obtained from 1.5T dual-echo proton density/T2-weighted MRI images before 
conversion to EDSS ≥3, with that of 30 non-converter RRMS patients matched for baseline 
characteristics (age, sex, disease duration). We also investigated the predictive role of EPVS 
towards magnetic resonance imaging (MRI) measures of accrual of brain atrophy and T2 lesion 
volume (T2LV) after the EPVS assessment (median MRI follow-up: 2 years, range: 0-11 years). 
Baseline EPVS scores were not significantly different between converters and non-converters to 
EDSS ≥3, and were not significantly associated with accrual of brain atrophy or T2LV. 
In this pilot study of a well characterized cohort of MS patients followed longitudinally for up to 
11 years we did not find significant associations between EPVS and clinical or radiological 
indicators of disease worsening. Since the small sample size, as well as the suboptimal MRI data 
characteristics for visualization of EPVS might have limited our ability to detect a significant 
effect, future studies are warranted to investigate the potential clinical relevance of EPVS in MS. 
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Abstract: There is a great demand for therapeutic advancements with respect to autoimmune 
disorders such as Multiple Sclerosis (MS). Experimental Autoimmune Encephalomyelitis (EAE) 
is an inflammatory disease of the central nervous system with neurological and pathological 
similarities to MS. In this study, EAE-exposed C57BL/6 mice were used to characterize the 
cognitive and physical impairments and to establish the molecular markers associated with EAE 
pathogenesis. A group of mice was pre-trained on behavioral tasks (BEH) while being calorie 
restricted (CR) prior to myelin oligodendrocyte glycoprotein (MOG) exposure, inducing EAE. A 
combination of CR and BEH resulted in a delay of symptom onset and reduced clinical severity, 
as indicated by the daily progression of ascending tail paralysis. In addition, nociceptive 
sensitivity was preserved in mice exposed to EAE + CR and CR + BEH, similar to controls, 
whereas EAE-exposed mice demonstrated a greater latency to perceive a painful stimulus at the 
peak of disease severity. These results suggest that CR and BEH may play a modulatory role in 
the development of EAE. In a second experiment, mice were treated with riluzole, a glutamate 
release inhibitor, to assess EAE pathology. Since glutamate excitotoxicity has been found in MS 
lesions, we proposed that clinical severity would be regulated by glutamate availability in the 



central nervous system. The histopathological similarities of EAE and MS reveal the presence of 
inflammation and immunological mechanisms complementary to disease initiation and 
progression. The presence of glutamate, infiltrating immune cells, and immune-regulatory 
cytokines, can influence the pathology of EAE by providing insight as to which cytokines are 
expressed at heightened disease states. Taken together, these data reveal distinct molecular 
markers that are associated with ameliorated symptoms. More specifically, alterations in 
prefrontal cortex (PFC) cytokine expression of GM-CSF, IL-1α, MIG, RANTES, and TNFα, and 
hippocampal expression of GFAP, TRAF3, Foxp3, and NF-κB, may provide insight as to the 
molecular mechanisms responsible for hallmark EAE pathogenesis and possible therapeutic 
remedies. 
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Title: Adaptive immunity drives remyelination failure or success in multiple sclerosis 
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Abstract: One of the major challenges in multiple sclerosis (MS) is to comprehend disease 
severity progression. The recently demonstrated correlation between disease severity and 
remyelination emphasizes the importance of identifying factors leading to a favorable outcome. 
Why remyelination fails or succeeds in MS patients remains largely unknown, mainly because 
remyelination has never been addressed within a humanized pathological context. Therefore, we 
developed a new paradigm mimicking MS lesion by grafting human lymphocytes (LT) in the 
demyelinated lesion of Nude mice spinal cord. We show that LT play a major role in 
remyelination whose efficacy is significantly decreased in mice grafted with MS LT compared to 
those grafted with healthy donor LT. Mechanistically, we demonstrated in vitro that LT-derived 
mediators influenced oligodendrocyte precursor cells (OPC) differentiation through a crosstalk 
with microglial cells. Among mice grafted with LT from different patient, we observed diverse 
remyelination patterns reproducing for the first time the heterogeneity observed in MS patients. 
Comparing LT secretory profile from patients exhibiting high and low remyelination ability, we 
identified novel molecules involved in OPC differentiation and validated one as a target to 
improve remyelination. In summary, MS LT do exhibit intrinsic capacities to coordinate myelin 
repair, an effect implying that remyelination heterogeneity arises in part from patients specific 
LT activation profile. Furthermore, our data strongly suggest that studying MS patients who 
display high remyelination capacities might provide new pro-regenerative strategies. 
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Abstract: Corticospinal excitability (CSE) in persons with multiple sclerosis (PwMS) is 
reduced, likely contributing to fatigue and limiting one’s ability to engage in physical activity. 
Given that fatigue is task- and temperature-dependent, the purpose of the study was to determine 
how a combination of temperature (cool vs. room) and exercise (treadmill vs. recumbent 
NuStep) affects CSE in PwMS. We hypothesized that CSE, irrespective of exercise modality, 
would be higher following exercise in the cool environment than in a room temperature due to 
lower levels of fatigue. Fourteen heat sensitive MS patients (10 Females), 49.28 ± 13.56 years of 
age with relapsing remitting MS and baseline expanded disability status scores ranging from 3.4 
± 2.37 participated in the study. Transcranial magnetic stimulation (TMS) elicited motor evoked 
potentials (MEPs) and were assessed prior to and following aerobic exercise interventions at 
65% of VO2max. Tibial nerve stimulation elicited maximal muscle compound action potential 
(Mmax). Measurements were taken from the soleus muscle of the weakest limb both at rest and 
during a torque equivalent to 10% of maximal voluntary contraction (MVC). Participants 
attended four randomized experimental sessions including temperature ((Cool (16°C) and Room 
(21°C)) and exercise modality ((Treadmill (T) and NuStep (N)). Therefore, the experimental 
sessions were T in cool (TC), T in room (TR), N in cool (NC) and N in room (NR). MEP 
amplitudes were made relative to Mmax amplitudes for analysis. MVC torque of the plantar 
flexors did not differ pre- and post-condition (TC, p = .09; TR, p = .11; NC, p = .125; NR, p = 
.327). MEPs recorded from the soleus during rest were elicited in 5/14 and 6/14 patients, pre- 
and post-exercise, respectively. MEPs recorded at 10% of MVC occurred in 6/14 and 7/14 
patients, pre- and post-exercise respectively. CSE was increased in room temperature conditions 
post-exercise (MEP amplitudes as a percentage of Mmax in C, 4.78 ± 0.9%; R, 23.19 ± 3.15%; p = 
.026) and increased following exercise using the NuStep (MEP amplitudes as a percentage of 
Mmax in N, 21.84 ± 3.93; T, 6.12 ± 1.21%; p = .029). The lack of decrease in MVC suggests that 
the exercise interventions employed in this study did not induce fatigue of the plantar flexors. 
Temperature and the exercise modality influence CSE such that exercising in cool temperature 
and exercising on a NuStep enhance post-exercise CSE in PwMS. 
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Abstract: Background. FTY720 (fingolimod, Gilenya) is an FDA-approved, highly effective 
oral drug for treating MS, showing efficacy in both EAE (a mouse model of human MS) and 
MS. FTY720 crosses the blood brain barrier and becomes phosphorylated to produce FTY720-P 
that is a chemical analog of sphingosine 1-phosphate (S1P). S1P signaling is altered in MS 
patients. FTY720-P binds to S1P receptors (S1P1,3-5) expressed on various cell types. FTY720’s 
efficacy in EAE is largely dependent on specific binding of FTY720-P to S1P1 expressed on 
astrocytes, which is required for drug efficacy in EAE. It remains unknown how this astrocyte 
mechanism of action produces efficacies, which we examine here. Methods and Results: A 
transgenic mouse line with a tetracycline-suppressible cis element (tTA) and a c-Fos driven 
nuclear GFP-histone fusion protein was crossed with an astrocyte specific, conditional S1P1-null 
mouse line. Monophasic EAE was induced, then tTA activated upon onset of EAE signs, 
allowing c-Fos activated cells to express a semi-permanent GFP signal. Astrocytes are the 
predominantly activated cell-type. The extent of activation correlated with disease severity as 
demonstrated by flow cytometry. Peripheral activation of astrocytes was visualized in the intact 
lower spinal cord using tissue clearance techniques. GFP-positive EAE-activated astrocytes were 
isolated by FACS and processed for RNAseq to identify transcriptional changes that revealed 
clear differences among the untreated, FTY720 treated, and astrocyte specific S1P1 null 
astrocytes. These differences are being further interrogated. Conclusions: The c-Fos reporter 
mouse identifies a sub-set of astrocyte population that gets activated upon EAE sign onset. The 
extent of activation correlates with clinical severity. FTY720 administration and astrocyte-
targeted S1P1 removal reduces the number of activated astrocytes, indicating role of S1P1 
signaling in ameliorating clinical score. Three-dimensional examination of the lower spinal cord 
during the course of EAE development shows an increase in activated astrocytes in lesions, as 
well as along the periphery of the spinal cord. Distinct transcriptional changes during EAE were 
identified. 
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Abstract: The cuprizone exposure has been used to model a wide range of pathological and 
behavioral deficits endpoints that recapitulate demyelinating diseases and multiple sclerosis 
(MS). We and others have described the behavioral, pathological and immunological phenotype 
of mouse cuprizone model at different stages during and after cuprizone challenge. Besides 
traditional behavioral tools, we have applied kinematic analysis to understand more in detail 
affected motor behavior due relatively mild phenotype during and after cuprizone exposure. In 
addition, we have also evaluated the extent of the demyelination, both with classical 
histological/immunohistochemical tools, but also by applying non-invasive imaging. DTI-MRI 
revealed progressive demyelination in the major white matter structures during cuprizone 
exposure. Given that many of the behavioral end-points demonstrate recovery following 
discontinuation of cuprizone treatment, we wanted in the present study evaluate correlation 
between white matter changes and fine motor behavior more in detail, during and after cuprizone 
challenge. C57Bl/6 female mice were subjected to oral cuprizone exposure or vehicle for 6 
weeks, followed by 3 weeks of recovery without cuprizone. Diffusion tensor magnetic resonance 
imaging (DTI-MRI) was performed at 3 and 6 weeks while on cuprizone, and on 7, 8 and 9 
weeks after removal of cuprizone challenge. Kinematic gait analysis of the cuprizone and vehicle 
treated mice were performed on weeks 3, 6 and 9 during the study to correlate white matter 
changes with fine motor gait changes. We found that there are significant correlations between 
gait parameter changes and white matter changes. Strongest correlations between gait parameters 
and white matter changes were seen in subregions of corpus callosum (genu, body and splenium) 
and external capsule, whereas other white matter rich regions did not show either robust 
demyelination nor did show strong correlation between gait parameters and the structure 
analyzed. Taken together, data presented in this presentation provide further insight to cuprizone 
model demyelination, but also to kinetics of remyelination in the model after elimination of the 



cuprizone challenge. We also present how different phases demyelination and remyelination are 
correlated with fine motor performance. 
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Abstract: Transverse myelitis (TM) is a neurological disorder caused by inflammation of both 
sides of at least one segment of the spinal cord. Damage often leads to persistent disability of 
upper and lower limbs, which can result in the substantial impairment of activities in daily life. 
Little is known regarding the underlying motor neurophysiology and its relationship to clinical 
disability. Here, we used transcranial magnetic stimulation (TMS) to study corticospinal 
excitability in participants with TM with the goal of utilizing physiological evidence as a 
biomarker for disability. Corticospinal excitability of first dorsal interosseous (FDI) and tibialis 
anterior (TA) muscles, localized to the subject-identified less-impaired side of the body, were 
assessed using motor evoked potential (MEP) following single-pulse stimulation in 19 
individuals with TM and 10 aged-matched healthy controls. Corticospinal excitability was 
assessed in both relaxed and active muscle states, with stimulation intensity set to generate MEP 
amplitude of 1 mV (S1mV). In addition, input-output curves (IO-curve) of resting FDI were 
collected. Relative to controls, we found that TM participants had increased MEP onset latency 
for both resting FDI (nTM = 19) and TA (nTM = 12). This effect of increased MEP latency was 
observed for multiple measures (S1mv and IO-curve samples) for TM participants. Further, 
resting MEP latency (S1mV) was correlated with disability (EDSS) for both FDI (R2 = 0.27, p = 
0.02; Rho = 0.54, p = 0.02) and TA (R2 = 0.30, p = 0.06; Rho = 0.72, p = 0.008). Using stepwise 
regression with frontward selection of inputs, TM disability was supported by a 2-variable model 



(R2 = 0.77, p < 0.0005) first by selection of resting FDI latency (S1mV) and second, by lesion 
location (upper segment as cervical or thoracic). All additional model variables, including active 
S1mV for FDI and TM, as well as demographic factors, did not reach selection criteria 
significance (p < 0.05). Because we did not observe differences in MEP amplitude for any 
measure between control and TM groups, our results suggest similar activation of corticospinal 
populations. Together, these results suggest that demyelination of the spinal cord is central to 
TM disability. Moreover, these findings indicate that corticospinal physiology may aid in the 
clinical evaluation and rehabilitation of people with TM. 
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Abstract: Being increasingly used the cell phones have payed attention for their potential effects 
on living cells. Thermal and electromagnetic wave (EMW) effects of cell phones have been 
reported on the cranial nerves beside many other different organs. However, their effects on the 



optic and trigeminal nerves have not been reported. In addition, because the thickness of the 
skull is very thin, rate of absorption of EMW in children are higher than adults. Therefore, we 
aimed to study the effects of EMW emitted from cell phones on the optic and trigeminal nerves 
beginning from the fetal period. 
Male Wistar-albino rats (5 groups; 6 animals in each group) were used in this study. Cell phone 
was either on call to another cell phone of similar SAR (specific absorption rate) value or on 
stand-by mode (2 hours/day). Rats in Stand-by/EMD group were exposed to EMW of cell 
phones starting from intrauterine 14th day to postnatal 60th day. Rats in Stand-by fetal/EMD fetal 
group were exposed to EMW of cell phones starting from intrauterine 14th day to birth. Rats in 
the control group were not exposed to cell phone. At the end of the second month, optic and 
trigeminal nerve samples obtained from rats perfused with 4% paraformaldehyde were processed 
for electron microscopic evaluation. Semi-thin sections were stained by Toluidine blue and 
photographed by light microscopy. Optic and trigeminal nerve areas were measured and the 
myelinated axons were counted in four photographs (100x magnification) from each animal 
using Image J Programme. Thin sections were evaluated and photographed by transmission 
electron microscopy. 
The optic and trigeminal nerve areas showed no significant difference between experimental 
groups. The number of myelinated axons were observed significantly decreased in the Stand-by 
and EMW groups in optic nerve and the EMW group in trigeminal nerve compared to control 
group. Electron microscopic examination showed normal axon morphology in control groups of 
optic and trigeminal nerve. For optic nerves, myelin sheath disturbance and degenerated 
neurofilaments in axoplasma were found in EMW group. In addition, thickened myelin sheath 
was evident in EMW fetal group. Myelin sheath disturbance in stand-by, EMW fetal and EMW 
groups and vacuole formation in axoplasma in EMD group were seen in trigeminal nerves. 
The findings of this study shows that the EMW emitted by cell phones may have effect on optic 
and trigeminal nerve from fetal period until adulthood and may create potentially serious 
consequences in the long-term use. Our study is important to show the effects of the EMWs 
associated with the exposure cell phones on the cranial nerves at intrauterine life, childhood and 
adolescence. 
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Title: Plexin-A4 regulates secretion and expression of tau in Alzheimer’s disease mouse model 
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Abstract: Recent genome-wide association studies identified several single nucleotide 
polymorphisms in PLXNA4 of late-onset Alzheimer’s disease (AD). It was reported that 
PLXNA4 transcript 1 (TS1) mRNA was increased in late AD and was involved in 
hyperphosphorylation of tau stimulated by SEMA3A. Plexins are receptors or coreptors of 
SEMA family and have been well known for their functions in neurodevelopment such as axon 
guidance, lamination of the hippocampus, cytoskeletal regulation of growth cones and 
recruitment of receptor subunits along the axon. However, it is unknown that how Plexin-A4 can 
lead to pathophysiology of tau in AD. Here I show whether Plexin-A4 regulates secretion and 
expression of tau in an isoform dependent manner. In addition, when Plexin-A4 was knock-
downed in mouse neurons, pTau was decreased. Finally, AAV-Plexin-A4 shRNA-GFP was used 
to reveal the role of Plexin-A4 in vivo. 
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Abstract: Objectives: Although several studies demonstrate that Tau filaments have seeding 
potential on both cellular and in vivo models, the information on the size of these aggregates has 



been ambiguous 1,2. The aim of this study is to characterize Tau species by their molecular 
weight and other molecular properties, such as phosphorylation status. 
Methods: Aggregates were isolated from post mortem AD and transgenic mice (P301S) brain 
tissue using different extraction procedures. Biochemical characterization was done by Western 
blotting (reducing and non-reducing), sucrose gradient, size exclusion chromatography and 
aggregate specific immuno-assays. Structural differences between Tau seeds were analyzed by 
immuno-EM. Seeding efficiency was then assessed by a FRET cellular model 3. 
Results: It has been shown that spinal cord and brainstem total extracts from P301S mice trigger 
Tau aggregation in HEK293 cells expressing K18 FRET sensors 3. First, it is investigated which 
subfraction of such total extracts is the most potent for seeding in this cellular model. By 
differential centrifugation and detergent treatment, different fractions from aging mice and AD 
post mortem brain tissue are used for aggregation induction and biochemical analysis. In the 
P301S mouse brain extracts we observed an age-dependent correlation between Tau aggregate 
load and seeding efficiency. We also observed that both total extract and insoluble fraction from 
post mortem AD brain tissue can induce aggregation in this cellular model. Molecular weight 
separation both by sucrose gradient and SEC is performed to identify which species show 
seeding efficiency. 
Conclusions: This study further elucidates the molecular properties, regarding molecular weight, 
phosphorylation status and seeding efficiency of high molecular weight Tau species. This 
information is essential to understand which forms of Tau should be targeted in a Tau-based 
therapeutic approach. 
1. Jackson, S. J. et al. Short Fibrils Constitute the Major Species of Seed-Competent Tau in the 
Brains of Mice Transgenic for Human P301S Tau. J. Neurosci. 36, 762-72 (2016). 2. Takeda, S. 
et al. Neuronal uptake and propagation of a rare phosphorylated high-molecular-weight tau 
derived from Alzheimer’s disease brain. Nat. Commun. 6, 8490 (2015). 3. Holmes, B. B. et al. 
Proteopathic tau seeding predicts tauopathy in vivo. Proc. Natl. Acad. Sci. U. S. A. 111, E4376-
85 (2014). 
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Abstract: The microtubule-associated protein tau is involved in regulating microtubule assembly 
and function in neurons. Tau function is regulated by phosphorylation and we have previously 
shown that tau is tyrosine phosphorylated. Here we report that tau co-immunoprecipitated with 
protein tyrosine phosphatase SHP2 in PC12-derived cell lines as well as in COS7 cells 
expressing tau by transfection. To investigate the role of phosphorylation in the tau-SHP2 
association, we performed in vitro binding assays where E.Coli synthesized tau was added to 
SHP2 immunoprecipitated from COS7 cells. The assays confirmed the association, suggesting 
that phosphorylation of tau was not required for the SHP2 association. However, we also found 
that phosphomimetic tau (T231D) bound to SHP2 approximately twelve-fold higher than wild 
type tau, suggesting that phospho-T231 promoted SHP2 association. Using several tau deletion 
fragments, we found that tau residues 256-282, which contain the microtubule binding repeat 1 
of tau, were essential for the tau association with SHP2, suggesting that phosphorylation of tau at 
Thr231 increased the accessibility of tau residues 256-282 for SHP2 binding. To visualize the 
spatial localization of the tau-SHP2 complexes in cells, in situ proximity ligation assays (PLAs) 
were conducted using non-neuronal (COS7) or neuronal (PC6-3) cells where tau was expressed 
by transfection. Tau-SHP2 complexes appeared as a punctate pattern, with 3D reconstruction of 
the confocal images suggesting that the tau-SHP2 complexes were localized on the plasma 
membrane. In PC6-3 cells, complexes of endogenous tau and SHP2 were also found on the 
plasma membrane. When cells were stimulated with EGF (COS7) or NGF (PC6-3), activated 
SHP2 increased dramatically and complexes of tau and activated SHP2 were detected. Relative 
to non-stimulated PC6-3 cells, NGF-stimulated cells also exhibited an increase in the number of 
complexes between tau and total SHP2. The increase in tau-SHP2 complexes was probably, in 
part, due to the increase in the levels of phospho-Thr231-tau following NGF stimulation, which 
we had found using both immunoprecipitation and flow cytometry. Lastly, in vitro phosphatase 
assays, performed on tyrosine phosphorylated full-length tau or on tau peptide, showed that 
SHP2 dephosphorylated phospho-Tyr18- tau, indicating that phospho-Tyr18-tau is a substrate for 
SHP2. Given the regulation of phospho-Tyr18-tau we have previously reported for Alzheimer’s 
disease brain, SHP2 might be active during neurodegeneration. 
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by two main 
neuropathological hallmarks—amyloid beta plaques and neurofibrillary tangles. Neurofibrillary 
tangles are formed from hyperphosphorylated tau filaments. Tau is a microtubule-associated 
protein, and its sequestration leads to the disruption of microtubule stability and the formation of 
highly toxic intermediate tau oligomers, resulting in massive neuronal loss and dementia. It has 
been proposed recently that tau pathology can synaptically propagate through the brain in an 
activity-dependent manner. We have used human brain-derived synaptosomes (resealed 
presynaptic terminals) from AD and control subjects to assess synaptic tau release in situ. Our 
data shows that depolarization of AD synaptosomes using a high-potassium solution induced 
discharge of a mixture of tau oligomers and monomers. Depolarization of the synaptosomes was 
confirmed by the anionic fluorescent dye DiBAC4(3). Western blot analysis using tau 
proteoform-specific antibodies revealed that the majority of released tau is C-terminally 
truncated and also part of it is present as SDS stable oligomers. Uptake of the released tau 
oligomers may induce tau oligomerization in recipient cells, accelerating the propagation of the 
pathology. Synaptosomes from cryopreserved human brain autopsy samples represent a unique 
system for investigation of synaptically released tau proteoforms. 
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Abstract: Propagation of tau aggregates is critical for tauopathy in Alzheimer’s disease. In many 
progressive neurodegenerative disease, various protein aggregates such as tau, amyloid-β, 
huntingtin and α-synuclein shows prion-like spreading and infectivity. Recent studies suggest 
that cellular uptake of Tau is mediated by macropinocytosis. However, internal domain involved 
in tau internalization is unknown. Here we identified tau domain involved in efficient 
internalization through in silico prediction of cell permeable peptide site in Tau sequence. 
Recombinant GFP-tau which has been deleted this segment showed slower cellular uptake than 
GFP-Tau control. This segment deleted GFP-tau was resistant to treatment of sodium cholate, 
inhibitor for HSPG critical for tau macropinocytosis, suggesting that identified tau segment is 
important for tau internalization. Our study demonstrated more precise mechanism for tau 
internalization and provided novel target for development of anti-tauopathy. 

Disclosures:  K. Cho: None. Y. Jang: None. D. kim: None. S. yoon: None. 

Poster 

694. In Vitro and In Vivo Analysis of Tau Pathology 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 694.06/O16 

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

Support: Roy and Christine Sturgis Charitable Trust 

 UAMS S.T.O.P. Alzheimer's Fund 

Title: Depletion of laforin portends "molecular crowding" in Alzheimer’s disease: Implications 
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Abstract: Protein aggregation is a common element of all neurodegenerative diseases, 
suggesting a particular vulnerability of neurons to this phenomenon. One potential explanation is 
the unique electrostatic status conferred by the high concentration of RNA in neuronal cytosol, 
which can be more three orders of magnitude that of other cell types. This elevates the potential 
for “molecular crowding,” a phenomenon by which proteins lose solubility due to neighboring 
hygroscopic macromolecules that compete for their interactions with polar water molecules. 
Glycogen is an ideal mediator of molecular crowding, and the high neuronal concentration of 
RNA—itself a highly charged, hygroscopic molecule—may explain why glycogen levels are 
typically kept very low in neurons. Neurons constitutively express glycogen synthase, but it is 
degraded by a ubiquitin-proteasome system requiring an adapter known as laforin. The protein 
derives its name from Lafora’s disease, some cases of which arise from loss-of-function 
mutations of the laforin gene (EPM2A); the resulting neuronal accumulation of glycogen 
synthase and its product results in seizures and dementia. We have documented a 50% reduction 
of laforin expression in Alzheimer’s disease temporal-lobe cortex. We also find that primary 
cultured neurons, unlike most cells, reduce their expression of laforin under low-glucose 
conditions. This may occur as a consequence of decreased levels of the transcription factor 
hypoxia-inducible factor 1α (HIF1α), which has four potential binding sites in the EPM2A 
promoter and is likewise depleted in Alzheimer’s brain. These events may explain the age-
related accumulation of polyglucosan aggregates known as corpora amylacea, which have been 
connected to axonal transport disruptions in Alzheimer’s disease. They may also contribute to 
the documented aggregation of tau in laforin-knockout mice. Implications for hypotheses about 
the role of peripheral glucose tolerance and insulin dysregulation in Alzheimer’s disease will be 
discussed. 
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Title: Tools development for studying a new N-terminally truncated Tau species and its 
relevance to Alzheimer disease 
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Abstract: Tau protein plays an important role in Alzheimer’s Disease (AD) where it is found 
aggregated and abnormally modified in degenerating neurons. Truncation is among post-
translational modifications of Tau and its role in AD pathological process is far from being 
elucidated. By using a dedicated proteomics approach (liquid chromatography coupled to tandem 
mass spectrometry), we have identified new N-terminally truncated Tau species (Trunc-Tau) 
from human brain. Our interesting findings provided us the basis for the development of 
appropriate immunological tools with which to monitor these new species and to establish their 
role in AD physiopathological process. We have focused our work on an N-terminally Trunc-
Tau species starting at the middle of Tau exon 1 sequence to develop a specific monoclonal 
antibody. This antibody is a mandatory tool: 1) to uncover the consequences of this N-terminal 
truncation on Tau function and properties; 2) to establish whether there is an association between 
this new Trunc-Tau species and AD. We have succeeded in development of an antibody that 
specifically labels the Trunc-Tau species without any cross reactivity with full-length Tau. We 
performed immunohistochemistry (IHC) using brains from well characterized AD patients and 
control subjects (Lille Neurobank). Our preliminary data identified the new Trunc-Tau species in 
AD neurofibrillary tangles while no immunoreactivity was observed in control brains. We are 
currently performing IHC using a large number of brain samples to establish whether the new 
Trunc-Tau species is a signature of AD and other Tauopathies. Besides, we have established 
inducible stable cell lines expressing the full-length Tau protein and the Trunc-Tau species in 
order to analyze functional and biochemical properties of the new Trunc-Tau, compared to its 
related full-length Tau. This work will provide new knowledge on Tau biology and the 
physiopathological process of AD. 
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Abstract: Recent studies suggest that the toxicity of tau in disease may rely on its prion-like 
characteristics, including the ability to seed the aggregation of natively unfolded protein and the 
transport of aggregates from one cell to another. A growing body of research shows that the most 
toxic and efficient seeds in disease are tau oligomers, rather than insoluble, fibrillar aggregates. 
Furthermore, evidence suggests that tau aggregates may exhibit conformational diversity 
important for their toxicity, as seen in prion disorders. However, the relevance of other aggregant 
proteins to the formation of tau strains has not been well-established though the most prevalent 
neurodegenerative disorders—Alzheimer’s (AD) and Parkinson’s disease (PD)—are mixed 
protein pathology diseases. We have shown that amyloid-â (Aâ) and á-synuclein oligomers 
colocalize with oligomeric tau in AD, PD and Lewy body dementia brain tissue. Moreover, 
oligomeric Aâ and á-synuclein can cross-seed the aggregation of tau. Studies show that much of 
the toxicity of the two proteins is dependent on the presence of tau, highlighting the toxic 
synergy between tau and other amyloid proteins. Furthermore, we find that targeting oligomeric 
tau in mouse models over-expressing mutated amyloid precursor protein and á-synuclein protects 
against behavioral deficits and pathology associated with disease-like phenotypes. Thus, we 
evaluated tau oligomeric strains derived from mixed pathology diseases and pure tauopathies and 
found that oligomers could be differentiated based on stability as well as recognition with tau 
oligomer-specific monoclonal antibody (TOMA) clones. In order to directly investigate 
secondary amyloidosis and tau oligomeric strain formation and the effect on toxicity, tau was 
cross-seeded with Aâ and á-synuclein oligomers to form distinct tau oligomeric strains with 
differing levels of toxicity when applied to neuroblastoma cells in culture. These results highlight 
the importance of studying the diverse oligomeric structures of complex mixed pathology 
disorders and suggest that these diseases will likely best be targeted using personalized, 
combination therapy approaches that target the most toxic strains. 
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Abstract: The co-chaperone Cdc37 specifically recruits kinases to the Hsp90 complex for 
stabilization and folding. The Hsp90-Cdc37 complex is known to regulate kinases involved in 
the phosphorylation of tau, a microtubule associated protein. Tau hyperphosphorylation and 
formation of neurofibrillary tangles is a major pathological hallmark of Alzheimer’s disease 
(AD). Our group has previously shown that Cdc37 plays a role in preserving 
hyperphosphorylated tau. However, the mechanism of how this occurs is poorly understood. 
While Cdc37 has been shown to interact with numerous kinases, we hypothesized that 
identification of the components of the Cdc37 interactome in AD brain tissue would lead a better 
understanding of Cdc37 function in tau biology. For in vivo identification of novel Cdc37-
binding proteins, five AD patient and five age-matched control brain tissue samples were 
screened for phosphorylated tau levels by Western blotting. Three samples from each group were 
chosen based on robust phosphorylated tau levels for immunoprecipitation (IP) using a Cdc37 
antibody. IP samples were processed and analyzed by mass spectrometry (MS). Briefly, samples 
were digested to produce tryptic peptides and desalted peptides were injected into the 
spectrometer. Data from MS analysis were matched subsequently against a human peptide 
database. A total of 110 proteins were identified, and upon further data analysis we found 39 
novel proteins that were found to interact with Cdc37 in AD cases and 7 proteins that were found 
only in controls. Several of these proteins are implicated in signaling via the PI3K / Akt, NF-B, 
JNK and TGFβ pathways. Novel interactors of Cdc37 included Shroom3, β-catenin and annexin 
A2. To validate these interactions we used an in vitro cell culture model and found that Cdc37 
does interact with these proteins. Overall, data from these in vivo and in vitro studies not only 



help in better understanding of the functional role of Cdc37, but also reveal novel Cdc37-
interacting proteins and pathways in AD that might lead to the identification of new AD drug 
targets. 
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Abstract: Alzheimer’s disease is characterized by two hallmark pathologies – neurofibrillary 
tangles and beta amyloid plaques. Oxidative stress plays an apparent role in the pathogenesis of 
Alzheimer’s disease. Neurofibrillary tangles result from the filamentous aggregation of 
hyperphosphorylated tau, leading to neurodegeneration. After the hyperphosphorylation of tau, 
we suspect that antioxidant systems within neurons become progressively dysfunctional and, 
thus, are unable to scavenge reactive oxygen species effectively. The purpose of this study was 
to investigate whether mitochondrial superoxide dismutase (SOD2), an antioxidant, can rescue 
hyperphosphorylated tau-transfected neurons (cortical and hippocampal) in primary cell culture 
from neurodegeneration and oxidative damage. Primary cortical and hippocampal neurons were 
co-transfected with a common form of hyperphosphorylated tau, P301L, construct and a SOD2 
construct; GFP DNA constructs and vector constructs served as controls. P301L-transfection 
alone induced degeneration and oxidative stress in primary cultured neurons but were rescued by 
SOD2. “Sick,” i.e. degenerated, neurons displayed morphological changes in their neurites and 
cell bodies. Oxidative damage (lipid peroxidation and nucleic acid damage) was observed in the 
P301L-transfected neurons. The number of healthy, intact neurons increased after mutant tau and 
SOD2 co-transfection; 70% of neurons co-transfected with P301L and SOD2 compared to 45% 
healthy with P301L tau transfection alone. We suspect that SOD2 protects the P301L tau-
transfected neurons from oxidative stress, thereby reducing degeneration. 
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Abstract: Alzheimer’s disease (AD) is the most common form of dementia and the most 
prominent neurodegenerative disorder associated with aging. One of the pathological hallmarks 
observed in AD patients’ brains is the development of paired helical filaments (PHFs), which are 
composed of hyperphosphorylated Tau protein dissociating from microtubules. The most 
important phosphatase that is capable of dephosphorylating Tau at AD-specific phosphorylation 
sites is protein phosphatase 2A (PP2A). 
We show that disassembly of the MID1-PP2A complex by a natural polyphenol induces PP2A 
activity and significantly reduces Tau phosphorylation at PP2A-dependent epitopes in cultured 
primary neurons. The MID1 protein is a ubiquitin ligase that mediates ubiquitin-specific 
modification and degradation of the catalytic subunit of PP2A, specifically at the microtubules. 
Western blot and quantitative real-time PCR analyses indicate that disassembly of the MID1-
PP2A complex leads to reduced MID1 mRNA and protein levels, suggesting a self-regulating 
effect of MID1 on its own mRNA. In line with our observations in vitro, treatment of mice with 
a MID1-PP2A destabilizing compound resulted in dephosphorylation of Tau in vivo. 
Our data suggest a promising role for drugs interfering with the MID1-PP2A complex as a novel 
approach for reducing Tau phosphorylation in the prophylaxis and therapy of AD and other 
tauopathies. 
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Title: Charge interplay in tau fibrillization: a mechanistic insight 

Authors: *G. VISWANATHAN1, S. GUPTA2;  
1Biol. Engin., Indian Inst. of Technol. Gandhinagar, Gandhinagar, India; 2Biol. Engin., Indian 
Inst. of Technology, Gandhinagar, Gandhinagar, India 

Abstract: Tau is an intrinsically disordered protein responsible for maintaining the stability of 
axonal microtubules in neurons. In AD, abnormal Post Translational Modifications (PTMs) may 
cause detachment of Tau which undergoes complex aggregation pathways to form 
Neurofibrillary Tangles (NFTs). Traditionally, heparin induced tau aggregation referred as 
pseudophosphorylation is used as a model to understand the aggregation mechanism. Since 
heparin is a polyanion, it attracts unmodified positively charged tau and promotes aggregation in 
a shorter time frame. But in vivo, tau undergoes several PTMs at the same temporal scale which 
may be charge driven (e.g. phosphorylation) or uncharged (e.g. glycation). We asked whether 
these modified tau species aggregates in the same manner in-vitro? Using Thioflavin T 
fluorescence based aggregation assay we mapped heparin induced unmodified tau aggregation in 
real-time but when we used chemically phosphorylated tau, the trajectories diverged indicating a 
change in pathway as well. Addition of negative charge on tau tends to repel heparin causing 
aggregation to be much slower. We verified this hypothesis by using different ratios of modified 
to unmodified tau. On the other hand, these modified tau species have a unique tendency to 
aggregate independently without any aggregation inducer. Atomic Force Microscopy (AFM) 
images of self-aggregating chemically modified tau resemble that of PHFs found in human brain. 
This charge interplay between phosphorylated tau and heparin can be very crucial in 
understanding the intricate pathways of tau aggregation. We observed that heparin based in-vitro 
tau aggregation models are not sufficiently reliable for high throughput screening of small 
molecule and peptide based inhibitors. Moreover, to mimic tau fibrillization, we require ~1mg of 
tau protein per well as tau aggregates at higher concentration in-vitro. To increase the availability 
of tau, we have further developed a strategy of co-transformation where we supply deficient 
tRNAs to E. coli which codes for rare amino acids to increases the rate of translation. We have 
also developed a heat based quick and clean tau extraction method which can provide assay-
ready tau from cell pellet in less than an hour. 
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Abstract: Tau is a microtubule-associated protein that pathologically aggregates into inclusions 
and neurofibrillary tangles in Alzheimer’s disease (AD) and other neurodegenerative diseases. 
However, there is evidence that synapse loss and cell death occur prior to, or independently of, 
the formation of neurofibrillary tangles. Smaller, soluble aggregates of tau, known as oligomers, 
appear early in disease and have been shown to be the primary toxic entity in disease. In 
addition, it is known that tau oligomers can be modified by both mono- and poly-ubiquitination, 
which may play a role in the dysregulation of the ubiquitin-proteasome system in 
neurodegeneration. Poly-ubiquitination typically targets a protein for degradation. The role of 
small ubiquitin-like modifiers (SUMO) on tau oligomer formation, stability, and toxicity is less 
understood. Thus, we investigated the role of ubiquitination versus sumoylation of tau oligomers 
in vitro and in post-mortem brain samples, as well as how proteasome inhibition influences tau 
oligomer toxicity. Using immunofluorescence and biochemical analyses with tau oligomer-
specific antibodies, we systematically dissected the relationship between tau oligomers, 
ubiquitin, and SUMO. We found that tau oligomers were preferentially ubiquitinated in AD 
while they were sumoylated in controls. Moreover, inhibition of the proteasome increases the 
presence of hyperphosphorylated tau as well as other aggregation prone proteins. These results 
suggest that the pattern of post-translational modification in conjunction with the proteasome is 
altered in AD, exacerbating the toxicity of tau oligomers and leading to their accumulation and 
the buildup of other aggregation prone proteins. This may lead to a cycle in which tau oligomers 



inhibit the proteasome, increasing the abundance of oligomeric tau, thereby maintaining 
proteasome inhibition, all of which increases tau toxicity. Thus, increasing proteasome activity 
or preventing the interaction of tau oligomers with the proteasome may slow the progression of 
AD. 
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Abstract: Liquid-Liquid Phase Separation (LLPS) is a major principle underlying cellular 
organization. Because LLPS is present even in prokaryotes, this organizational strategy likely 
evolutionarily preceded the elaboration of intracellular membrane-derived organelles; it is for 
example used to locally increase the concentration of certain proteins and RNA molecules, 
independently of cellular organelles. The formation of liquid droplets in the cell is facilitated by 
intrinsically unstructured multivalency domains with low folding propensity (low-complexity 
domains) in the contributing proteins and drives, for example, the spatially asymmetry of P-
bodies in germ cells, the rapid and reversible assembly of RNP granules, but also the assembly of 
microtubules during spindle formation, membrane receptor clustering, orchestration of DNA 
repair, the assembly of transcription factories, and control of permeability through the nuclear 
pore. Tau, alike other microtubule binding proteins, contains a long unstructured N-terminus, 
which projects into the cytoplasm when bound to microtubules (projection domain) and has 
biochemical properties similar to low complexity domains reported in LLPS performing proteins. 
Here we tested if the intrinsically unfolded protein tau - or its fragments - can form liquid 



droplets in a cellular environment. We used microscopy and different biophysical techniques to 
examine LLPS characteristics of recombinant human tau and its different fragments (wild-type, 
mutant P301L, full-length (tau441), repeat domain, N-terminus (tau256)). We then tested the 
cellular function of tau256 LLPS in cells and primary neurons. The N-terminal half of human tau 
(tau256) undergoes LLPS when exposed to a molecular crowded environment. At physiological 
concentrations of tau (5-10 uM), tau256 forms viscous droplets in a ion strength dependent 
manner; this phase transition appears independent of temperature, and tau constructs comprising 
the repeat domain (microtubule binding domain) cannot undergo LLPS. Accordingly, expression 
of GFP-tau256 but not GFP-tau441 leads to intracellular droplets in cells and in neurons. The 
unstructured N-terminus of tau has biophysical properties enabling LLPS in a cellular 
environment. Intracellular droplets of tau256 might occur after cleavage of tau by proteases such 
as calpain or thrombin, which releases the N-terminus of tau into the cytosol. The biological 
function of tau droplet formation is unknown, but by analogy to other systems could represent a 
combined phase separation with RNPs such as hnRNPA1, TDP-43 and FUS, or a microtubule-
associated function of the N-terminal projection domain. 
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Abstract: Alzheimer's disease (AD) is heterogeneous and multifactorial neurological disorder; 
and the risk factors of AD still remain elusive. Recent studies have highlighted the role of 
vascular factors in promoting the progression of AD and have suggested that ischemic events 
increase the incidence of AD. However, the detailed mechanisms linking ischemic insult to the 



progression of AD is still largely undetermined. In this study, we have established a transient 
cerebral ischemia model on young 5xFAD mice and their non-transgenic (nonTg) littermates by 
the transient occlusion of bilateral common carotid arteries. We have found that transient 
cerebral ischemia significantly exacerbates brain mitochondrial dysfunction including 
mitochondrial respiration deficits, oxidative stress as well as suppressed levels of mitochondrial 
fusion proteins including optic atrophy 1 (OPA1) and mitofusin 2 (MFN2) in young 5xFAD 
mice resulting in aggravated spatial learning and memory. Intriguingly, transient cerebral 
ischemia did not induce elevation in the levels of cortical or mitochondrial Amyloid beta (Aβ)1-
40 or 1–42 levels in 5xFAD mice. Therefore, the simplest interpretation of our results is that 
young 5xFAD mice with pre-existing AD-like mitochondrial dysfunction are more susceptible to 
the effects of transient cerebral ischemia; and ischemic events may exacerbate dementia and 
worsen the outcome of AD patients by exacerbating mitochondrial dysfunction. 
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Abstract: Pathological deposition of amyloid-beta (A-beta) is one of the major hallmarks of 
Alzheimer’s dementia (AD). The incidence of AD and other neurodegenerative diseases is rising 
with age, and thus often contributing to common comorbidity state of mixed dementia. Microglia 
are the primary immune effector cells of the brain. In resting state their highly motile processes 
continually survey the brain parenchyma and transiently contact synaptic elements (Tremblay et 
al., 2010). In neuropathological conditions microglia cells rapidly become activated, thicken and 
retract their processes, migrate to the site of inflammation, and proliferate. In addition, they also 
contribute to the presentation of antigens, phagocytosis of cellular debris, and secretion of 
proteases that promote cell motility, myelin and extracellular matrix degradation (Avignone et 



al., 2015). However, little is known about the role of extracellular matrix (ECM) molecules in 
the regulation of microglia function. Thus, we aimed to study the effects of ECM removal by 
chondroitinase ABC (ChABC) on microglia response to a minor brain lesion (laser ablation of a 
single cell) in the 5xFAD mouse model of AD. In vivo multiphoton laser microscopy imaging 
was used to study microglial behavior in the retrosplenial cortex (RSC) of 3-4 months old 
CX3CR-1-eGFP mice cross-bred with 5xFAD mice. Microglial morphology and dynamics were 
studied before and after single microglia cell laser ablation (SMCLA) upon injection of ChABC 
or vehicle for 24, 48 and 72h. A-beta plaques were traced by intravenous injection of the in vivo 
marker Methoxy-XO4. Microglia cells displayed activated phenotype in RSC of 
5xFAD/CX3CR-1-eGFP mice, but not in WT/CX3CR-1-eGFP mice. Interestingly, at the age 
studied, amyloid plaques were not yet visible after injection of Methoxy-X04. Measurement of 
basal process-motility revealed a significant impairment in single microglia cell of 
5xFADxCX3CR-1-eGFP mice when compared to controls. Moreover, kinetic deficits of total 
processes spreading were observed in 5xFAD-xCX3CR-1-eGFP microglia at the population 
level in response to SMCLA. Intracerebral injection of ChABC improved microglia dynamics 
comparable to WT controls in 5xFADxCX3CR-1-eGFP mice. Furthermore, we detected 
significantly reduced recruitment of microglial cells to the site of damage in 5xFADxCX3CR-1-
eGFP mice 24h after laser ablation compared to the CX3CR-1-eGFP group. ChABC ameliorated 
these defects 48h upon application. Our findings suggest that microglia may lose adequate 
response to inflammatory stimulus at early stages of AD, but this response could be restored after 
administration of ChABC. 
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Abstract: Amyloid-β and tau are key players in Alzheimer’s disease (AD), both of which have 
been found as pathological species in the extracellular space, suggesting a significant role of 
amyloid-β and tau in this compartment during AD progression. The only possible approach to 
monitor these proteins in the extracellular space in vivo is cerebral microdialysis. This technique 
is classically used to measure small molecules but with several modifications also allows protein 
sampling. These adaptations add another level of complexity to an already sophisticated 
technique. Therefore, particular attention should be paid to various experimental factors to 
achieve high quality results and enhance our understanding of the role of extracellular amyloid-β 
and tau in AD. We here tackled these challenges by setting up a push/pull microdialysis 
technique, equipped with a 1MDa molecular weight cut-off membrane. Due to the fact that 
molecular dynamics of proteins require long-term monitoring, we optimized the set-up allowing 
continuous sampling for up to 72h. Experimental parameters such as the flow rate (0.6 vs. 
1µL/min), the type/material of the membrane, additives to the perfusion media (Dextran vs. 
0.2/4% BSA) as well as the impact of coating procedures for the system turned out to be very 
critical in achieving long-term stability. Moreover, we used miniaturized microdialysis probes 
allowing to place multiple probes in mice as well as an optimized analytical readout enabling 
simultaneous quantification of amyloid-β and tau within the same sample of wild-type and 
transgenic mice. Finally, we set the focus on investigating the disruption of the blood-brain-
barrier, which inevitably occurs with probe insertion, and is particularly important for PK/PD 
studies. In conclusion, this in-depth characterization of an amyloid-β and tau microdialysis 
method increases experimental possibilities and will further enhance our understanding of these 
proteins in the extracellular compartment. Therefore, this set-up provides a powerful tool for 
uncovering their role in the disease progression and facilitates experiments investigating the 
efficacy of treatments and the search for new biomarkers. 
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Abstract: We have invented a novel method in harvesting neural stem cells (NSCs) from the 
subventricular zone of rats (Lui et al., Angew Chemie Int Ed 52: 12298-12302, 2013). Neural 
stem cells were harvested from the subventricular zone using in situ harvesting procedures. Then 
use the antibodies to conjugate with the magnetic NPs to enhance the specificity for the stem cell 
extraction. The antibody-conjugated magnetic nanoparticles (Ab-MNPs) can target and attach to 
NSCs. The NSCs pellet can be harvest by syringe and then culture in the neuro base medium. 
The Ab-MNPs shows a low cytotoxicity and will sooner be metabolized during the cell 
differentiation process. Using this method, neural stem cell can be harvested from live subjects 
and can be further differentiated into neuronal phenotypes for cell replacement in the brain. 
Neural stem cells were harvested from the subventricular zone using in situ harvesting 
procedures. Neural stem cells were cultured in vitro for 2-3 weeks using a novel nanomatrix. 
Cell samples were lysed and were assayed for expression of nestin, Tuj-1 and MAP-2 throughout 
the period. After confirmation of stable expression of Tuj-1 and MAP-2 proteins, living cells 
were transplanted into the cerebral cortex of the same rat subject for assessment of cell survival. 
Neuronal cells were found to surviving in the cortex of the animals. Neurites were found to 
extend from the transplanted neuronal cells and were found to be in close apposition to native 
neurons. There was no sign of neurological deficits in the animals. In some animals, the neural 
stem cells were found to be regenerated after 3-4 months after the harvesting procedures. The 
present results indicate that our method can harvest neural stem cells from live animal subjects. 
Neural stem cells harvested can be differentiated into neuronal phenotypes and can be used as 
cell replacement therapy for neurological diseases in the same animal subjects. These results 
have a strong implication in development into personalized neuronal cell replacement therapy for 
patients with neurodegeneration. 
Key words: Neural stem cells; Nanoparticles; Neurodegeneration 
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Abstract: Synthesis of new plasticity proteins and degradation of worn out proteins are required 
for the maintenance of long term potentiation (LTP), the cellular correlate of memory. The 
ubiquitin proteasome system (UPS) is the critical protein quality control system regulating this 
equilibrium during LTP. Blockade of the UPS has been shown to accumulate new plasticity 
proteins involved in the early induction phase of late LTP. In Alzheimers disease (AD), the 
induction phase of late LTP is particularly impaired. In this study we have shown that LTP 
impairment can be restored in APP/PS1 mice by inhibiting the UPS by proteasome inhibitors 
such as Lactacystin and MG 132. 
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Abstract: Transient receptor potential ankyrin 1 (TRPA1) channel plays an important role in 
pain and inflammation. However, little is known about the significance of the TRPA1 channel in 
the pathophysiology of Alzheimer’s disease (AD). Wild-type (WT), TRPA1−/−, amyloid 
precursor protein (APP)/presenilin 1 (PS1) transgenic (APP/PS1 Tg) mice,the mouse model of 
AD, and APP/PS1 Tg/TRPA1−/− mice were used to examine the role of TRPA1 in pathogenesis 
of AD. Western blot was used for protein expression; immunohistochemistry was used for 
histological examination. The mouse behaviors were evaluated by locomotion, nesting building, 
Y-maze and Morris water maze tests; levels of interleukin (IL)-1β, IL-4, IL-6 and IL-10 and the 
activities of protein phosphatase 2B (PP2B), NF-κB and nuclear factor of activated T cells 
(NFAT) were measured by conventional assay kits; Fluo-8 NW calcium (Ca2+) assay kit was 
used for the measurement of intracellular Ca2+ level in primary astrocytes and HEK293 cells. 
The protein expression of TRPA1 channels was higher in brains, mainly astrocytes of the 
hippocampus, from APP/PS1 Tg mice than WT mice. ablation of TRPA1-channel function in 
APP/PS1 Tg mice alleviated behavioral dysfunction, Aβ plaque deposition and pro-inflammatory 
cytokine production but increased astrogliosis in brain lesions. TRPA1 channels were activated 
and Ca2+ influx was elicited in both astrocytes and TRPA1-transfected HEK293 cells treated 
with fibrilized Aβ1-42; these were abrogated by pharmacological inhibition of TRPA1 channel 
activity, disruption of TRPA1 channel function or removal of extracellular Ca2+. Inhibition of 
TRPA1 channel activity exacerbated Aβ1-42-induced astrogliosis but inhibited Aβ1-42-increased 
PP2B activation, the production of pro-inflammatory cytokines and activities of transcriptional 
factors NF-κB and NFAT in astrocytes and in APP/PS1 Tg mice. Pharmacological inhibition of 
PP2B activity diminished the fibrilized Aβ1-42-induced production of pro-inflammatory 
cytokines, activation of NF-κB and NFAT and astrogliosis in astrocytes. TRPA1− Ca2+ − PP2B 
signaling may play a crucial role in regulating astrocyte-derived inflammation and pathogenesis 
of AD. 
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Abstract: Neurodegenerative diseases, such as Alzheimer’s (AD) and Parkinson’s disease (PD), 
are of growing importance in the aging population necessitating biomarkers for early diagnosis 
and treatment response. Due to its close contact to the brain, cerebrospinal fluid (CSF) is a 
promising source for the discovery of such markers reflecting protein alterations within the 
central nervous system. Previous work has shown that amyloid precursor protein (APP) 
transgenic mice mimic alterations of amyloid-β (Aβ) and tau levels in CSF observed in patients 
with sporadic and familial forms of AD making them a valuable model for translational 
biomarker research. In the present study we analyzed CSF-proteome changes in two well-
established transgenic mouse models for β-amyloidosis and synucleinopathy, the pathological 
hallmark lesions of AD and PD, respectively. Therefore, we used mice either overexpressing 
mutant human Presenilin-1 and amyloid precursor protein (APPPS1), or mutated human α-
Synuclein (A30P-aSyn) for CSF collection. We applied mass spectrometry-based label-free 
quantification to assess the CSF proteome in young vs. aged mice of both lines compared to age-
matched non-transgenic controls. 1039 and 1269 CSF proteins could be quantified in the 
APPPS1 and in A30P-aSyn cohorts, respectively. Interestingly, this unbiased shotgun approach 
did not only reveal age- and transgene-related changes in analytes that have already been 
associated to AD or PD, like soluble APP, soluble TREM2, ApoE or NfL, but also yielded novel 
proteins that might be interesting candidates for further evaluation and validation. This dataset 
provides new insights into CSF protein alterations in models of β-amyloidosis and 
synucleinopathies and may contribute guidance for the identification of novel biomarkers for 
human disease. 
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Abstract: Alcadeins (Alcs; Alcα , Alcβ, and Alcγ) are evolutionarily conserved type I 
transmembrane proteins that undergo the proteolytic cleavages as does amyloid β-protein 
precursor (APP) (1, 2). Alcs are primarily cleaved by APP α-secretase (ADAM10/17) to produce 
the N-terminal extracellular ectodomain (sAlc) and the membrane-associated C-terminal 
fragment (Alc CTF). The Alc CTF is subsequently cleaved by γ-secretase to generate the N-
terminal p3-Alc peptide and the C-terminal intracellular cytoplasmic domain (Alc ICD) 
fragment. Thus, Alcβ secrets major molecular species p3-Alcβ37 into CSF (3), and we found that 
the level of p3-Alcβ37 significantly decreased in Alzheimer’s disease patients. Further study 
indicates that p3-Alcβ37 suppresses neuronal impairment induced by Aβ42 oligomer in vitro, 
and we identified the core amino acid sequence composed of 11 amino acids within p3-Alcβ37. 
Our results suggest that this small peptide composed of 11 amino acids (p3-Alcβ-11) might be a 
seed or a lead to develop a novel therapeutic agent to Alzheimer’s disease. To understand the 
molecular function of p3-Alcβ to neurons, we explored the target molecule of p3-Alcβ37 and p3-
Alcβ-11 peptide. Using the biotinylated p3-Alcβ-11 peptide probe, we isolated candidate 
neuronal proteins, and the proteins were analyzed with LC-MS. Identification of target protein(s) 
of p3-Alcβ37 will also contribute for understanding of the physiological function of this 
endogenously generated peptide. 
1) Araki, Y. et al. [2003] J. Biol. Chem. 278, 49448-49458. 
2) Araki, Y. et al. [2004] J. Biol. Chem. 279, 24343-24354. 
3) Hata, S. et al. [2009] J. Biol. Chem. 284, 36024-36033. 
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Abstract: Alzheimer disease (AD) is characterized by the accumulation of misfolded beta-
amyloid (AB) and tau proteins. Acceleration of AD-related protein aggregation following human 
AD brain homogenates inoculation has been demonstrated in transgenic rodents. Studies in 
primates are however not as conclusive. This study’s goal was to determine the impacts of 
experimental transmission on both brain function and integrity in mouse lemur primates. Twelve 
adult mouse lemurs, (3 to 4 yrs.) were bilaterally inoculated in the hippocampus and subjacent 
cortex with human brain homogenates from AD patients or control (CTRL) age-matched 
subjects. Longitudinal tests of cognition, EEG and morphology (via MRI) were done up to 18 
months post-inoculation followed by of brain tissue immunohistopathology. AD-inoculated 
animals progressively developed cognitive impairments affecting first long-term memory and 
later learning abilities. EEG profiles of AD-inoculated lemurs shifted progressively towards fast 
frequencies compared to CTRL-inoculated lemurs. Compared to the CTRL-inoculated group, 
AD animals displayed an atrophy of the retrosplenial and posterior cingulate cortices as well as 
adjacent regions of the limbic connectome Immunohistochemistry revealed few cortical amyloid 
plaques and sparse cortical amyloid angiopathy in some AD-inoculated animals. We demonstrate 
for the first time that inoculation with AD brain homogenates induces functional and 
morphological alterations in primates without induction of immunohistopathological-detectable 
forms of AB or tau proteins. 
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Abstract: Extensive evidence has indicated that a high rate of cholesterol biogenesis and 
abnormal neuronal energy metabolism play key roles in Alzheimer’s disease (AD) pathogenesis. 
Here we used osmotin for the first time, a plant protein homolog of mammalian adiponectin, to 
know its therapeutic efficacy in different AD models. Our results reveal that osmotin treatment 
modulated adiponectin receptor 1 (AdipoR1) and significantly induced AMPK/SIRT1 activation, 
reduced SREBP2 expression both in vitro and in vivo AD models and in Adipo-/- mice. Osmotin 
via AdipoR1/AMPK/SIRT1/SREBP2 signaling pathway significantly diminished the 
amyloidogenic Aβ production, abundance and aggregation accompanied by improved pre-and 
post-synaptic dysfunction, cognitive impairment, memory deficits and most importantly reversed 
the suppressed LTP in AD mice. Interestingly, AdipoR1, AMPK and SIRT1 silencing not only 
abolished osmotin capability but also further enhanced AD pathology by increasing SREBP2, 
APP, β-secratase (BACE1) expressions and the levels of toxic Aβ production, while the opposite 
is true for SREBP2 when silenced with its siRNA in APPswe/ind-transfected SH-SY5Y cells. 
Similarly, osmotin treatment also enhanced the non-amyloidogenic pathway by activating α-
secratase gene i.e. ADAM10 in AMPK/SIRT1 dependent manner. These results suggest that 
osmotin or osmotin-based therapeutic agents might be potential candidates for AD treatment. 
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Abstract: Alzheimer's disease (AD) is the most prevalent dementia-causative neurodegenerative 
disorder. AD is pathologically characterized by neuronal loss, senile plaque, and neurofibrillary 
tangle. Three familial AD-causative genes, APP, PSEN1 and PSEN2, are identified by genetic 
analysis. 
We previously found that a secreted neuroprotective peptide, humanin, inhibits neuronal cell 
death, caused by the AD-linked genes via the heterotrimeric Humanin receptor. Level of 
humanin in the central nervous system may be insufficient to exert a protective effect. Recently, 
we found that calmodulin-like skin protein (CLSP) is another physiological agonist of the 
Humanin receptor with an anti-cell death activity 100000-fold more potent than Humanin. CLSP 
is secreted from skin and related epithelial tissues, circulates in the bloodstream, and is 
transported to the central nervous system through the blood-brain barrier. 
To investigate the effect of CLSP against the AD pathology and AD-related dementia, we 
generated mouse CLSP-1 transgenic mice and crossed them with the APPswe/PSEN1dE9 mice, 
AD model mice with the Swedish mutant gene of amyloid beta precursor protein (APP) and the 
presenilin-1 (PSEN1) gene lacking exon 9. It has previously established that senile plaques are 
deposited in hippocampus and cerebellum cortex of the aged APPswe/PSEN1dE9 mice and 
spatial learning was impaired in these mice. Performing the Morris water maze, we found in the 
current study that the constitutive co-expression of the mCLSP-1 gene prevented the impairment 
of spatial learning in APPswe/PSEN1dE9/CLSP-1 mice at the age of 13 months. This result 
suggests that CLSP behaves as a neuroprotective factor against AD in vivo. 
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Abstract: Alzheimer’s Disease (AD) is a neurodegenerative disorder characterized by deposition 
of amyloid plaques and formation of intracellular neurofibrillary tangles, resulting in a 
progressive memory loss and cognitive decline. The molecular mechanisms driving these 
pathologies are potential targets for the treatment of AD. We studied the effects of DA-9803, a 
multimodal botanical cocktail in a transgenic mouse model of AD. Using multiphoton 
microscopy, longitudinal imaging of the senile plaques was performed and intracellular calcium 
was monitored. Cytosolic calcium is an indirect marker of neuronal activity and is normally 
tightly regulated. Our past research has shown that resting calcium is elevated in a fraction of 
neurites in APP transgenic mice. Thus, an effective AD treatment would restore calcium to 
control levels. 100 mg/kg DA-9803 was administered daily to 5 month-old Tg2576 mice via a 
gavage treatment for 2 months. Longitudinal imaging was performed before and during the 
treatment. Plaques were labeled with methoxy-XO4 while intraneuronal calcium levels were 
measured with the genetically encoded calcium sensor YC3.6. Chronic administration of DA-
9803 prevented amyloid plaque deposition over the 2 months treatment period in these mice. 
Elevated calcium was detected in a subset of neurons before treatment. DA-9803 decreased the 
elevated neurite calcium levels to control levels over this time course. Treatment with a vehicle 
cocktail failed to decrease the rate of plaque deposition or restore intracellular calcium. In 
summary, these results demonstrate that treatment of young Tg2576 mice with 100 mg/kg DA-
9803 prevents deposition of amyloid plaques and maintains calcium homeostasis in Tg2576 
mice. Thus, DA-9803 treatment could have a protective effect on neuronal function and delay the 
progression of AD. 
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Abstract: Increasing evidence suggests that seizures contribute to cognitive decline in 
Alzheimer’s disease (AD). Therefore, understanding the mechanisms by which they do so may 
enable the discovery of novel therapeutic targets. Our studies of seizure-related changes in the 
hippocampus of human amyloid precursor protein (hAPP) transgenic mice, a mouse model of 
AD, have revealed that expression of the transcription factor ΔFosB is markedly increased by 
seizures. ΔFosB has an unusually long half-life (~8 days) and interacts with various histone 
modification enzymes to regulate multiple neuronal functions. Identifying targets of ∆FosB in 
hAPP mice may therefore provide insight into the mechanisms by which even infrequent 
seizures can lead to long-lasting impairments in memory. Our unbiased ChIP- and RNA-
sequencing analyses have identified many putative ΔFosB gene targets in wild-type and hAPP 
mice. Gene clustering analyses of these targets demonstrate the potential involvement of ΔFosB 
in regulating pathways critical to neuronal function, including glutamatergic synapse 
maintenance, cytoskeletal organization, and dendritic development. Further benchtop 
confirmation of several notable ΔFosB targets in the hippocampus of hAPP mice reveals altered 
expression. Overall, our data suggest that seizure-induced ΔFosB in the hippocampus of hAPP 
mice critically coordinates several programs of gene expression to regulate neuronal function. 
This work was supported by the Hassel Family Foundation (JC), and NIH grants F30AG048710 
(JCY) and NS085171 (JC). 
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Abstract: Epidemiological and clinical studies show that beta amyloid aggregation at any stage 
is insufficient to develop a sporadic Alzheimer’s Disease (AD) which accounts for more than 
85% of both sporadic and familial AD. Moreover, recent studies show that sporadic AD arises 
from dysregulation of brain glucose metabolism which the amyloid hypothesis does not explain. 
Also it is known to occur before beta amyloid plaques accumulates in the brain. In this study, we 
investigated the correlation between dysregulation in brain glucose metabolism and early-time 
pathophysiology in AD using high fat diet (HFD)-fed mouse. The mouse, to detect alteration of 
glucose metabolism in the AD-like mouse brain, was subjected to dynamic nuclear polarization-
enhanced hyperpolarized 13C- magnetic resonance spectroscopic imaging (DNP-MRSI), 
following HFD for 6 months. Specifically, metabolic amounts and its speed of hyperpolarized 
13C-labeled pyruvate were 1) temporally analyzed with dynamic MRS and 2) spatially analyzed 
with chemical shift imaging (CSI) methodology. Abnormal lactate conversion, which is similar 
to the Warburg Effect, from hyperpolarized 13C pyruvate was observed in the hippocampal 
region of HFD-fed mice. Memory function loss was confirmed with Morris Water Maze (MWM) 
and aggregation of beta amyloid 1-42 was found in CA1 and DG. Together, our results 
demonstrate that the abnormal accumulation of beta amyloid and of lactate residues through 
Warburg effect in the brain could play a role in the neuropathology of AD. 
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Abstract: Two pathological characteristics of Alzheimer’s Disease (AD), the most common type 
of dementia, are Aβ senile plaques and Neurofibrillary tangles (NFTs), composed of 
hyperphosphorylated tau aggregation. Circadian rhythm disruption is commonly reported by 
patients with AD and Mild cognitive impairment (MCI). Clock genes, such as PER2, BMAL1, 
and CLOCK, show oscillating expression patterns in Suprachiasmatic Nucleus (SCN), the master 
pacemaker generating circadian rhythm. This rhythmic expression influences several 
physiological function including metabolism and memory formation. Moreover, some of 
hippocampal gene expressions are also modulated by circadian rhythm generated by SCN and 
show similar oscillation pattern. Thus, disruption in circadian rhythm can attributes to cognitive 
dysfunction in AD patients. Here, we showed that the oscillating patterns of clock genes are 
altered in SCN and hippocampus of AD mouse model with human tau P301L mutation. 
Moreover, NIH-3T3 cell lines transfected with human tau P301L mutation showed different 
clock genes promotor activity oscillations. Therefore, the mechanism of tau-mediated circadian 
dysfunction will provide a probable solution for AD patients to treat their difficulties caused by 
circadian rhythm disruption. 
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Abstract: Objectives: Perturbed balance between oxidant and antioxidant species, such as 
glutathione, in brain may contribute to etiology of Alzheimer’s disease (AD). A number of 
studies have revealed decreased levels of glutathione in the blood and CSF from AD patients. In 
this study we investigated the mechanisms that alter glutathione homeostasis in AD using APP 
knock-in (KI) mouse model (AppNLGF/NLGF-KI). Methods and Results: 12 month-old 
AppNLGF/NLGF-KI mice, carrying saturated Aβ pathology, exhibited lower glutathione levels in 
both blood and cortex than age matched controls. We then determined the levels of glutamate 
cysteine ligase catalytic subunit (GCLC), a rate-limiting enzyme in glutathione biosynthesis. 
Western blot and RT-PCR analyses showed a significant decrease of GCLC protein and mRNA 
levels in the cortex of AppNLGF/NLGF mice. We next examined Nrf2 levels because Nrf2 regulates 
the expression of antioxidant genes and facilitates GCLC expression. Despite our hypothetical 
presumption, the protein levels of Nrf2 remained unchanged in AppNLGF/NLGF mice. Intriguingly, 
AppNLGF/NLGF mice exhibited higher levels of matured cortical TGF β1, which negatively 
regulates Nrf2-mediated GCLC expression. Conclusions: TGFβ1 may contribute to the decrease 
of glutathione and, consequently, increase oxidative stress in AppNLGF/NLGF mice: TGFβ1 thus 
may become a target for prevention and treatment of AD. 
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Abstract: Gonadal sex steroids have been implicated in the processing of β-amyloid precursor 
protein which generates β-amyloid (Aβ), a primary driving factor for Alzheimer’s disease (AD). 
Neurosteroidogensis has also been evidenced in localized regions of the brain associated with 
AD, and has been suggested as a potential compensatory neuroprotective mechanism in response 
to Aβ pathology and loss of circulating sex steroids. Kisspeptin signalling controls the 
hypothalamic-pituitary-gonadal axis responsible for regulation of circulating sex steroid levels, 
however kisspeptin is also neuroprotective against Aβ toxicity, independant of its receptor, 
through direct binding to the Aβ peptide. We used a hypogonadal kisspeptin receptor (Kiss1r) 
knockout (KO) mouse model to investigate the relationship between kisspeptin signalling /sex 
steroid deficiency and AD-like neuropathological characteristics. Brain regions were dissected 
and analysed for gene expression of AD- and neurosteroidogenic-associated markers. 
Behavioural testing was also performed in the male cohort. Hippocampal-associated behavioural 
deficiencies in 6 month Kiss1r KO males were linked to increased expression of the Aβ-
associated gene presenilin 1 (PSEN) within the hippocampus. Gene expression analysis of brain 
regions in male and female mice showed variably increasing expression of Aβ-associated genes 
β-amyloid cleaving enzyme (BACE), presenilin 1 (PSEN), and apolipoprotein E with age in 
males. Females tended to exhibit higher levels of expression of these markers than males. The 
neurosteroidogenic markers, steroidogenic acute regulatory protein, 3β-hydroxysteroid 
dehydrogenase, and cytochrome P450scc (CYP), were also generally elevated in females and 
increased in males with aging. Within the hypothalamus a significant (p<0.05) correlation 
between BACE and PSEN expression was found, and between BACE and CYP. The results of 
this experiment suggest that neurosteroid production may be acting as a compensatory 
neuroprotective mechanism in Kiss1r KO mice and potentially implicates kisspeptin as a 
significant regulator of Aβ and AD-like behaviours. 
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Abstract: Compelling evidence indicates that Type 2 Diabetes Mellitus (T2DM) and 
Alzheimer’s Disease (AD) may possibly share a common pathological origin, but the underlying 
mechanism(s) remains poorly understood. While insulin in the brain act as neurotrophic factor, 
T2DM is a known risk factor for AD and Insulin Resistance (IR - a hallmark signature of T2DM) 
has been extensively documented in the Central Nervous System (CNS) of AD patients. Notably, 
insulin plays a key-role in learning and memory, suggesting that reduced insulin signaling in the 
AD brain may contribute to impaired cognitive function. We developed a mouse model of 
T2DM that overexpresses ectonucleotide pyrophosphatase/phosphodiesterase 1 (ENPP1), a 
membrane glycoprotein that acts as an inhibitor of insulin receptor, in adipose tissue (At-ENPP1-
Tg mouse) offering a unique chance to explore novel mechanistic pathways involved in IR, 
metabolic syndrome diabetes complications, including AD. Our initial studies showed that At-
ENPP1-Tg mice display altered lipid composition of hippocampal synaptosomes, suppressed 
basal synaptic transmission and reduced insulin receptors. Furthermore, synapses from brain 
slices of At-ENPP1-Tg demonstrate increased vulnerability to Aβ oligomers, an event known to 
play a key role in the onset and progression of cognitive decline in AD. Adiponectin, reduced in 
At IR, reduces the binding of Aβ oligomers to synaptosomes of At-ENPP1-Tg mice. This initial 
evidence suggests the attractive possibility that targeting adipose tissue IR could be a potentially 
effective therapeutic strategy for AD. With this goal in mind, in the present work, we 
investigated the putative protective role of Wharton’s Jelly-derived Mesenchymal Stem Cells 
(WJ-MSCs) after their transplantation in the subcutaneous adipose tissue of At-ENPP1-Tg mice. 
Our results show that these cells may be able to rescue the diseased At tissue and ameliorating its 
dysfunctional CNS impact. We are further measuring glucose and insulin level in the blood after 
intraperitoneal injection of glucose or insulin 12 weeks following WJ-MSCs transplantation into 
the At, along with tissue protein and RNA expression levels. Collectively, these studies indicate 
that WJ-MSCs may be used as novel therapeutic strategy to correct At IR, thus reducing 
associated CNS deficits. 
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Abstract: Neprilysin is one of major amyloid-β peptide (Aβ) degrading enzymes, the expression 
of which decreases in the brain with aging, resulting in a metabolic imbalance of Aβ quantity. 
This imbalance is likely to contribute to the amyloidosis underlying sporadic Alzheimer’s 
disease (AD). Pharmacological activation of neprilysin during aging therefore represents a 
potential strategy to decrease the amyloidosis and attenuate the pathological progression of AD. 
We have previously reported that the neuropeptide somatostatin (SST) enhances neprilysin 
activity. However, it still remains to be shown whether SST receptor(s) are feasible targets. To 
identify alternative druggable target, we first carried out an in vitro screening using mouse 
cortical/basal ganglia-derived neuronal co-culture system. This led to a finding of a novel 
promising candidate, which reduced Aβ level in the conditioned medium. Of particular 
importance, this candidate compound can cross the blood-brain barrier and reach the brain 
parenchyma after intraperitoneal injection. Thus, we investigated its in vivo effects on the 
neprilysin and Aβ levels in brain. We observed a significant reduction of the Aβ levels in 
association with an increased neprilysin expression after drug administration. We confirmed that 
this does not happen in neprilysin knock-out mice, indicating that neprilysin mediated the effect. 
We then evaluated the long-term effects, by continuously implanting pellets containing the drug 
under the skin of aged AD model mice (single App knock-in mice) for 90 days. We then 
measured cognition of the mice 2 weeks after drug administration was ceased. The drug 
treatment attenuated cognitive impairment observed in the AD model mice. These observations 
indicated that this drug-induced neprilysin activation may be applied for prevention of AD. 
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Title: Insulin dysregulation leads to hippocampal neprilysin downregulation 
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Abstract: Objectives: To understand the mechanisms of increased Alzheimer’s disease (AD) 
risk caused by diabetes and altered brain insulin signaling. Methods: Tissue from multiple brain 
regions of a vervet monkey model of streptozotocin-induced type 1 diabetes supported with daily 
insulin treatment were examined for biochemical changes in brain insulin signaling, tau protein, 
amyloid precursor protein (APP) and Aβ peptide, as well as changes in key enzymes that 
contribute to tau and APP posttranslational processing. Using primary neuronal cultures, we 
modeled chronic insulin dysregulation by means of prolonged insulin treatment to determine 
whether altered insulin signaling may directly drive AD risk in diabetics. Additionally, we 
manipulated insulin signaling in the brain in mice using shRNA constructs to knockdown 
hippocampal expression of insulin receptor substrate 1 (IRS1), a key molecule in the insulin-
signaling cascade. Results: Regional brain analyses showed a brain-wide inhibition of IRS1, 
while changes in ERK1/2 phosphorylation argue for activation of this kinase, in diabetic 
compared to control monkeys. Increased tau phosphorylation was also seen throughout the brain 
in the diabetic monkeys. However, a diabetes-induced increase in Aβ levels was specific to 
temporal brain structures, with the greatest increase observed in the hippocampus. A 



hippocampal specific decrease in the Aβ-degrading enzyme neprilysin (NEP) appears to be an 
important contributor to this regional Aβ increase in the diabetic monkeys. In primary 
hippocampal neurons, we found that prolonged insulin treatment leads to an increase in an 
inhibitory phosphorylation of IRS1 and, similar to the diabetic hippocampus, a reduction in NEP 
protein and RNA levels. Hippocampal injection of an IRS1-shRNA adeno-associated virus in 
wild-type mice reduced IRS1 protein levels in 3 weeks. NEP protein levels were also found to be 
reduced in the ipsilateral compared to contralateral hippocampus after IRS1 knockdown. 
Conclusions: In a non-human primate model of type 1 diabetes treated with exogenous insulin, 
reduced NEP expression in the hippocampus correlates with biochemical alterations in the 
insulin-signaling pathway that has been described as “brain insulin resistance”. Direct 
manipulation of insulin levels and the key insulin-signaling mediator IRS1 supports the 
conclusion that disruption of insulin signaling leads to the reduced NEP expression seen in the 
diabetic hippocampus. Our findings are consistent with the idea that brain insulin resistance 
increases the risk for AD both by increasing brain Aβ levels and by altering tau phosphorylation. 
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Abstract: Alzheimer’s disease (AD), the most common age related neurodegenerative dementia, 
is characterized by deposits of aggregated amyloid beta (Aβ) plaques and neurofibrillary tangles 
comprised mainly of hyper-phosphorylated tau protein. However, it is believed that the 
association of small toxic Aβ oligomers with synapses contributes to the cognitive decline that is 
associated with AD. This association results in dysfunctional synaptic morphological and 
physiological changes including retraction of synaptic spines and reduced long term potentiation 



(LTP). Because current pharmaceutical therapeutic options have limited efficacy and the 
prevalence of AD is rising, the development of alternative treatments are imperative. Near 
infrared (NIR) light treatment (600-1000 nm) is a novel noninvasive therapeutic strategy that has 
been suggested as an effective option for the treatment of AD. Notably, it has been reported that 
NIR light treatment on APP/PS-1 transgenic mice induced a reduction of Aβ plaque load and 
improved memory function. However, the effect of NIR light on the most toxic form of Aβ, 
oligomers, and their impact on synapses remained undescribed. In the present study, we 
investigated the presence of Aβ oligomers at synapses and the susceptibility of synapses to Aβ 
binding (an important event linked to Aβ-driven synaptic disruption and memory deficits) after a 
NIR light treatment at 670 nm (90 sec a day for 4 weeks). We further examined the changes in 
the synaptic morphological and physiological properties after such NIR light treatment. We 
found that after NIR light treatment, the amount of Aβ1-42 was significantly reduced at synapses 
of 6 month old APP transgenic mice (Tg2576) that was paralleled by an increased retention of 
long term potentiation induction. We further found that the synapses of wild type mice treated 
with NIR light showed a reduction in ex vivo Aβ oligomer binding. Collectively these results 
indicates that NIR light, in addition to reducing levels of Aβ oligomers, further promotes 
synaptic resistance to Aβ oligomer binding thus alleviating the ensuing synaptic impairments. 
This study thus provides evidence that NIR can effectively reduce Aβ driven synaptic 
dysfunction, thus furthering light therapy as a viable treatment for AD. 
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Abstract: Cholesterol metabolism may play a role in modulating Alzheimer's disease (AD) risk 
and pathogenesis. Recent studies suggest that apoE receptors and very low density lipoprotein 
(VLDL) receptors may be implicated in memory and neurodegenerative disorders like AD. 
VLDL receptor-deficient mice have a moderate deficit in long term potentiation (LTP). Liver X 
receptors (LXRβ and LXRα) are nuclear oxysterol receptors and metabolic sensors initially 
found to regulate cholesterol metabolism and lipid biosynthesis. The synthetic LXR agonist 
T0901317 inhibits APP processing and lowers Aβ in the brains of APP transgenic mice possibly 
via ABCA1 (ATP-binding cassette transporter A1) dependent mechanism, and activation of 
LXR/ABCA1 pathway in the brain can positively affect Aβ metabolism. Thus, LXR agonists 
may provide a potential pharmacological strategy for AD treatment. However, LXR agonists 
target both LXRβ and LXRα to elevate hepatic and serum trigylceride levels. Therefore we 
tested the efficacy of subtype-specific LXR agonists. We synthesized 41 compounds of 
flavonoids using the typical flavone and chalcone skeletons as the templates for structure-
diversity expanding, 37 compounds of them are new compounds. We confirmed that some 
compounds, particularly compound 19, activate LXRβ rather than LXRα, and upregulate the 
expression of ABCA1 and/or apoE. Further, these compounds facilitate intracellular Aβ 
clearance. The 7 month-old APP/PS1 transgenic mice were injected with compound 19 (10 
mg/kg, IP, once every other day for 3 months), with positive control mice being given T0901317 
(25 mg/kg, by gavage daily). We found that compound 19 significantly reduced Aβ and senile 
plaques in the brain, and more importantly it had no effect in serum or hepatic triglyceride levels 
compared with those given T0901317. Moreover, we provided the first evidence that compound 
19 significantly enhanced LTP in CA1 (169.2±7.1% in control AD mice vs. 212.8±8.3% in AD 
mice with compound 19). Our findings suggest that compound 19 or its analogues may serve as 
new selective LXR modulators for treatment of Alzheimer's disease. 
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Abstract: Background: Treatment strategies for diseases are hampered by the fact that the 
blood-brain barrier (BBB) establishes an efficient barrier for therapeutic agents. We have 
recently shown that scanning ultrasound (SUS) allows microglial-mediated clearance of 
amyloid-beta in APP mutant APP23 mice and restores memory functions to wild-type levels 
(Leinenga and Götz, Science Transl Med 2015; Leinenga et al., Nat Rev Neurol 2016). While no 
damage was detected by histology, the effect of SUS on neuronal firing or complex neuronal 
morphology was not studied. We also determined whether SUS treatment is safe long-term and 
whether it reduces the intracellular tau pathology that characterizes Alzheimer's disease, in 
addition to amyloid deposition. Methods: For the safety study, we treated C57BL/6 wild-type 
mice both acutely and chronically with either one or several weekly SUS treatments. Upon 
sacrifice, the electrophysiological properties and morphology of hippocampal neurons of treated 
mice were analysed. To assess the efficacy and drug-delivering ability of SUS in tau models, we 
established four groups, using a novel anti-tau antibody which was injected weekly over four 
weeks, either on its own, or together with SUS. A third group used SUS only, and a fourth was 
the anaesthesia control group. As an experimental model, P301L tau transgenic pR5 mice were 
used. Results: Whole-cell patch-clamp electrophysiology revealed that SUS does not have any 
harmful effects on neuronal firing, as treatment (even three months after six weekly treatments) 
did not alter action potential firing. Further SUS treatment prevented age-related loss of synaptic 
spines. A histological and biochemical analysis of the pR5 tau transgenic mice revealed that SUS 
as well as the employed antibody ameliorate the tau pathology that characterizes the pR5 mice, 
and that there are synergistic effects, presenting opportunities to use SUS for drug delivery. 
Conclusions: Our study demonstrates that long-term treatment of mice with ultrasound is safe 
using electrophysiology and maintains synaptic structure. The study further suggests that SUS is 
a method that benefits diseases with protein aggregates more generally, whether they are intra- or 
extracellular. 

Disclosures:  J. Goetz: None. G. Leinenga: None. R. Nisbet: None. A. van der Jeugd: 
None. R. Hatch: None. 



Poster 

695. Biochemical Manipulations in Animals: Prevention of Alzheimer's Disease 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 695.24/R4 

Topic: F.06. Brain Blood Flow, Metabolism, and Homeostasis 

Support: NIH Grant P01HL046925-19 

 NIH Grant F31NS089093-01A1 

 NIH Grant UL1TR000114 

 NIH Grant P41 EB015894 

 WM KECK Foundation 

Title: Neurochemical changes in the anemic neonatal mouse hippocampus and prefrontal cortex 
following erythropoietin therapy 

Authors: *D. WALLIN, I. TKAC, M. K. GEORGIEFF;  
Univ. of Minnesota, Minneapolis, MN 

Abstract: Background: Alterations to brain energy and phospholipid metabolism have been 
shown in the hippocampus of a neonatal mouse model of phlebotomy-induced anemia (PIA). 
Other brain regions such as the prefrontal cortex that are developing during this time period are 
also at risk for metabolic abnormalities. These changes may be due to hypoxia, iron deficiency 
(ID), or both. Erythropoietin is commonly used in the neonatal intensive care unit (NICU) and 
could alleviate the hypoxic effects of PIA on the brain without the risk of a red blood cell 
transfusion. However, erythropoietin could also exacerbate brain ID by prioritizing the neonate’s 
limited iron reserves to the growing red blood cell mass. Objective: Our objective was to use a 
mouse model of PIA that is both physiologically and developmentally relevant to study the effect 
of erythropoietin treatment in the hippocampus and prefrontal cortex of anemic neonatal mice. 
Methods: Neonatal mice were bled starting at postnatal day (P)3 to a hematocrit of less than 25% 
and then treated with recombinant human erythropoietin (RhEpo) to achieve a hematocrit above 
this threshold. Metabolic profiles of PIA, PIA and RhEpo treated, and nonbled controls were 
obtained through in vivo 1H NMR spectroscopy at 9.4T in the hippocampus and prefrontal 
cortex. Results: Lactate was significantly increased in the PIA mouse hippocampus as compared 
to nonbled control. An increase was also found in the prefrontal cortex. Lactate concentrations in 
both structures were not different between PIA mice and PIA mice given RhEpo treatment. 
Glutamate is increased in both structures in the PIA mice (trending in prefrontal cortex), and 
RhEpo treatment begins to normalize these concentrations. A similar trending effect is found for 
GPC+PCho in both structures and for GSH within the prefrontal cortex. Conclusions: RhEpo 



treatment did not alleviate the bioenergetics alterations due to PIA, indicating that these 
alterations may primarily be due to brain ID and not anemia. Concentrations that were altered 
with anemia and normalized with RhEpo treatment such as glutamate appear to be due to 
anemia, rather than brain ID. Better understanding of the underlying neurochemical alterations 
during anemia and the long-term risks posed will lead to more informed decisions regarding 
phlebotomy (number of blood draws), RBC transfusions and the use of RhEpo by clinicians 
caring for preterm infants in the NICU. 
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Abstract: Alzheimer's Disease (AD) is a significant public health problem yet available 
treatments offer limited benefit and none are truly disease-modifying. Cognitive decline is 
slower in AD patients with higher levels of brain BDNF, while interference with BDNF 
trafficking and secretion is associated with an increased risk of AD. Lead discovery identified 
several novel small molecules that facilitate BDNF secretion via their high affinity and selective 
interactions with the Sigma-1 (S1R) suggesting that they would be beneficial in AD by making 
neurons more resilient to inflammatory stress and promoting neurogenesis. EPGN644 is one of 
these compounds and it has pharmacokinetic properties suitable for conducting further studies in 
rodent models. 
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Abstract: An accumulating body of evidence supports the use of imidazoline type-2 (I2) 
receptor ligands as a potential avenue for therapeutic intervention in Alzheimer’s disease (AD). 
These ligands seem to be neuroprotective by reducing cell death, neuroinflammation and the 
release of neurotoxic substances such as glutamate. 
To investigate this further, 6 month old female 5XFAD mice and wild-type controls (n=8 per 
group) were treated with 5 mg.kg-1 BU224 twice a day for a period of 10 days. At this age, 
5XFAD mice show severe memory impairment, amyloid deposition and neuronal loss. BU224-
treated 5XFAD mice showed a significant increase in exploring the displaced object on testing 
day, compared to both training day and vehicle-treated controls. Fear conditioning testing also 
revealed that both hippocampal-dependent and -independent memory functions in the BU224-
treated 5XFAD mice were also improved following learning by association. Subsequently, 
mouse brains were perfused and used for immunohistochemical assessment and protein 
quantification. GFAP staining was performed and showed that BU224 treatment increases the 
levels of GFAP expression, as has been published before for other imidazoline ligands (Olmos et 
al., 1994; Alemany et al., 1995). In hippocampal and cortical homogenates, BU224 induced a 
decrease in the levels of certain cytokines such as IL-1β and TNF-α measured by ELISA, 
suggesting an anti-inflammatory effect. 
In conclusion, our preliminary data indicate that chronic treatment with BU224 improves 



memory and cognitive performance and reduces inflammation, at a severe stage of AD 
pathology. Therefore, I2-imidazoline drugs could have potential benefits for AD patients. 
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Abstract: Alzheimer disease is the leading cause of dementia in western societies featuring huge 
societal and personal cost and burden. To date, there is no early diagnosis or cure for this 
devastating neurodegenerative disorder. Gastrointestinal microbiota is key player to many 
physiological processes including nutrition, inflammation, vitamins synthesis, drug processing, 
but also defense against pathogens. A growing body of evidence suggests that gastro-intestinal 
microbiota impacts on brain disorders such as autism and Parkinson’s disease. However, the role 
of the intestinal microbiota in AD has never been investigated. Herein, we showed that 
sequencing bacterial 16S rDNA extracted from fecal samples of transgenic CONVAPPPS1 and 
wild type mice revealed major shifts in the gut microbiota composition at both phylum and genus 
level. Furthermore the absence of intestinal microbiota in the germ free GFAPPPS1 transgenic 
mice was sufficient to significantly decrease cerebral Abeta amyloid pathology. Not only the 
biochemical levels of Aβ but also the extent of congophilic Aβ plaques was consistently 
decreased in the brains of APPPS1 transgenic mice without gut microbiota. In contrast, whereas 
colonization of GFAPPPS1 mice with microbiota from transgenic CONVAPPPS1 mice increases 



AD pathology, colonization of GFAPPPS1 mice with Altered Schaedler Flora did not increase 
amyloidosis in GFAPPPS1 mice. Altogether, our results indicate that gastro-intestinal dysbiosis 
is involved in the development of AD and supports the view that neurodegenerative disorders 
may be tackled by gastro-intestinal modulation. 
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Abstract: Astrocytes are deeply involved in the maintenance of extracellular brain homeostasis 
and failure of their homeostatic functions may contribute to the progression and outcome of 
neuropathological processes, including Alzheimer’s disease (AD). Recent evidence suggests that 
early stages of AD are accompanied by astrocytic atrophy and by a dis-balance in 
neurotransmitter homeostasis, which results in neuronal death, and also in an increased uptake of 
osmotically active substances, predominantly provided by astrocytes, which leads to marked 
volume changes in these cells. Here, we aimed to elucidate to what extent the progression of AD 
affects astrocyte volume changes and their regulatory volume mechanisms in response to various 
pathological stimuli, such as hypoosmotic stress or increased extracellular K+ concentration (50 
mM) in the mouse hippocampus using three-dimensional confocal morphometry in situ. We 
quantified the changes in total cell volume as well as the contribution of two compartments, i.e., 



cell processes and the cell soma in the hippocampal astrocytes from 3 months- (3M), 9 months- 
(9M) and 12 months old mice. In order to visualize individual astrocytes we used EGFP/GFAP 
mice (controls), in which astrocytes are fluorescently labeled and enerated new transgenic mice 
by crossbreeding GFAP/EGFP mice, with triple transgenic mice, in which amyloid precursor 
protein, presenilin and tau are mutated (3xTgAD mice). In addition, a single cell RT-qPCR 
profiling was carried out to reveal possible differences in the expression profiles of astrocytic ion 
channels/transporters that participate in maintaining ionic/neurotransmitter homeostasis. Three-
dimensional confocal morphometry revealed comparable swelling of hippocampal astrocytes 
from 3M old controls and aged-matched GFAP/EGFP/3xTgAD mice in response to hypo-
osmotic stress, however in astrocytes of 9M- and 12M old GFAP/EGFP/3xTgAD mice a 
slower/smaller swelling was observed when compared to that of controls. After astrocyte 
exposure to elevated K+ we detected similar slower/smaller astrocytic swelling already at 3M old 
GFAP/EGFP/3xTgAD mice. A marked difference in ability of astrocytes to regulate their 
volume was detected between 12M old GFAP/EGFP/3xTgAD mice and aged matched controls. 
Interestingly, there were no differences in astrocyte volume regulation during physiological 
aging. 
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Abstract: Down syndrome (DS) is the most frequent genetic cause of intellectual disability (ID) 
with an increasing prevalence in the USA, with current estimates of 1 in 691 live births. 
Individuals with DS have system-wide impairments, notably in the central nervous system, with 
ID and decreased cognitive function seen by impairments in hippocampal learning and memory, 
degeneration of basal forebrain cholinergic neurons (BFCNs), and language and communication 
skills. Individuals with DS also develop the pathological hallmarks of Alzheimer’s disease (AD) 
early in mid-life, including senile plaques, neurofibrillary tangles, and early endosomal 
abnormalities. DS mouse models, including the Ts65Dn mouse, are trisomic for a segment of 
mouse chromosome 16 (MMU16) orthologous to human chromosome 21 (HSA21), and exhibit 
~55% gene conservation of protein-encoding genes between MMU16 and HSA21. This model 
recapitulates several critical components of DS/AD, including cognitive dysfunction and BFCN 
degeneration, providing a platform for mechanistic assessments for translation to humans. We 
used the Ts65Dn mouse model to determine gene expression changes associated with DS/AD 
and test maternal choline supplementation (MCS) as a treatment modality. We examined gene 
expression changes in CA1 pyramidal neurons at two distinct timepoints, at 4-6 months (pre-
BFCN degeneration) and 10-12 months (post-BFCN degeneration), postulating that MCS will 
improve cognition and could delay the septohippocampal degeneration seen in Ts65Dn 
offspring. Microarray results on a custom-designed platform indicate that MCS produces 
significant gene expression level changes compared to age-matched unsupplemented maternal 
choline (UMC) offspring in CA1 pyramidal neurons both independent and dependent of 
genotype, which is confirmed by Nanostring nCounter and/or qPCR analysis. Specifically, 
alterations at both timepoints indicate that MCS has long-term positive effects on gene regulation 
in Ts65Dn mice. Several classes of transcripts showed significant alterations due to MCS 
treatment including neurotrophin receptors, AD-related genes, synaptic-related markers, and cell 
death genes in both genotypes examined, presumably showing benefits of this early intervention. 
We hypothesize that long-term effects of MCS treatment in both Ts65Dn and normal disomic 
(2N) littermates will highlight pathways and mechanisms that may be sites of intervention for 
cognitive decline and neurodegeneration. Moreover, these may help elucidate the link between 
choline requirements throughout neurodevelopment and cognitive maturation. 
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Abstract: Current estimates suggest autism spectrum disorder (ASD) effects as many as 1 in 68 
children. ASD is a developmental neurological disorder characterized by abnormal cognition, 
inhibition of social behaviors and onset of focused or isolated behaviors. Although the 
underlying causes are not clearly known, recent large-scale genomic studies have identified 
candidate genes involved in synaptic transmission and brain development that are highly 
associated with ASD patients. Mutations found in the candidate genes were de novo and were 
not a result of inherited mutations. Among the risk genes identified, ANK2 is repeatedly found in 
large-scale exome sequencing studies. Loss of function missense mutations identified at specific 
amino acid residues were shown to be highly associated with autistic patients. Ankyrin-2 is a 
membrane associated scaffolding protein that plays an integral role in protein localization and 
axon guidance and growth. Thus, any disruption to ankyrin function may have critical 
consequences for synaptic function and neurotransmission. Neuroanatomical studies in living 
patients and postmortem tissue have revealed that autistic patients have abnormal connectivity 
within their brain and altered development of key brain structures involved in executive function. 
Therefore, it is important to identify and dissect the mechanisms underlying these impairments. 
To address this, genome editing techniques were used to evaluate how mutations in ANK2 affect 
development of cultured neurons and ultimately how these mutations influence brain 
development and the onset of ASD-like behaviors in mice. Clustered regularly interspaced short 
palindromic repeat (CRISPR) guide RNA were designed to target ANK2 in cultured human 
neural progenitor cells. Cas9 nickase and guide RNA were cloned into lentiviral vectors to 
facilitate delivery into cultured cells and introduce the point mutations in the ANK2 gene. After 
verification of the mutation, the positive cells were used to evaluate the effects on neuronal 



growth, differentiation and architecture of the cytoskeleton. Taken together, this information will 
advance our understanding of the molecular, cellular and neural network impairments underlying 
ASD. 
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Abstract: Genome-wide association studies (GWAS) have identified many genetic variants 
associated with risk for schizophrenia. Here we investigate the genomic region flanking 
rs10791097, the 16th ranked SNP in the latest Psychiatric Genomics Consortium (PGC) GWAS 
for schizophrenia, a risk variant which appears to be unique to the disorder. We performed RNA 
sequencing (RNAseq) using 495 dorsolateral prefrontal cortex (DLPFC) samples from the Lieber 
Institute collection of postmortem human brains, and tested for association between the 
genotypes at schizophrenia risk variants and expression, to detect “expression quantitative trait 
loci” (eQTLs). Genotype at rs10791098 (an LD proxy for rs10791097, r-squared=1) was 
associated with the expression of the entire SNX19 gene (p=0.0014), as assayed by RNAseq of 
the DLPFC from 188 adult Caucasians. We then analyzed the two more transcript-specific 
features of expression - exons and the splice junctions between them, and found that the 
rs10791098 GWAS risk allele (A) was strongly positively associated with expression of the 
junction between exons 8 and 10 (n=108; Junc8.10 p=3.40e-9) whereas it is not associated with 
expression of the junction between exons 8 and 9 (n=108; Junc8.9 p=0.538). Expanding the 
sample to include African American cases and controls and Caucasian cases yielded much 
stronger results (n=372; Junc8.10 p=1.55e-29, Junc8.9 p=0.0415). Interestingly, only 46% of the 
495 postmortem DLPFC samples had Junc8.10 read counts > 0. RNAseq results were confirmed 



by qPCR in DLPFC (n=79; Junc8.10 p=2.23e-7, Junc8.9 p=0.240) and in hippocampus (n=44; 
Junc8.10 p=8.96e-8, Junc8.9 p=0.710). Junc8.10 read counts measure primarily the predicted 
transcript XM_005271546, which we validated by end-to-end PCR followed by sequencing of 
clones. Junc8.9 read counts measure primarily the “full length” SNX19 transcript NM_014758. 
GTEx RNAseq data from cortex showed a similar pattern of association - strong with Junc8.10 
(n=95; Junc8.10 p=2.05e-8) and weak or absent with full length transcript (p=0.0419), which 
was also evident in hippocampus (n=85; Junc8.10 p=3.74e-4, Junc8.9 p=0.756), and other brain 
regions. Finally, we found additional variants (rs34529622 and rs3831404) nearby that are in 
only partial linkage disequilibrium with rs10791098 but are also strongly associated with both 
schizophrenia and specific expression of Junc8.10 in postmortem brain. We characterized a 
truncated transcript of SNX19, and postulate that a critical element of the molecular mechanism 
of schizophrenia risk from this GWAS locus is initiated by its increased expression. 
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Abstract: Individual differences in general cognitive ability are key aspects of important life 
outcomes including health, longevity, education, and occupation. Cognitive function is 
substantially heritable and thought to have a polygenic nature. Here we focused on a set of genes 
functionally linked to the Arc/Arg3.1 gene (ARC complex), a key regulator of long-term 
synaptic plasticity, learning, and memory formation. We tested for an enrichment of association 



signals with intelligence, as measured with the Weschler Intelligence Scale for Children (WISC-
III) in a sample of 8.5-year-old children from the Avon Longitudinal Study of Parents and 
Children (ALSPAC). Permutation-based family-wise correction was applied to account for 
multiple testing. As Alzheimer’s disease (AD) shares genetic etiology with cognitive 
functioning, signals surviving the correction for multiple testing were further assessed in a large 
case-control sample of AD (17,008 cases and 37,154 controls). Tentative association was 
observed between the functional gene set of ARC complex and verbal as well as total IQ 
measures (p = 0.027 and 0.041, respectively) in ALSPAC, with the strongest association 
observed for rs2830077 located within APP gene (empirical p = 0.018). This association was 
confirmed in the AD sample (p = 2.76E-03). Potential functional significance of this SNP was 
examined in silico in RegulomeDB, and further assessed using electrophoretic mobility shift 
assay and luciferase assays. eQTL analyses of rs2830077 showed significant alteration of APP 
expression (p = 2.19E-09 in the whole blood tissue). 
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Abstract: MicroRNAs (miRNAs) are small noncoding RNAs that are primarily involved in the 
posttranscriptional control of gene expression. Recently, their critical role in neurodevelopment 
and aging has gained momentum, associating them with neuropsychiatric disorders. Common 
genetic variants as well as single nucleotide polymorphisms (SNPs) in miR-137 have been 
associated with severe cognitive impairments in schizophrenia. Moreover, in the mature brain, 
miR-137 has a functional role in presynaptic vehicle release as well as synaptic strength within 
the hippocampal area. As such, we hypothesized that dysregulation in miR-137 expression is 
associated with Alzheimer’s Disease (AD). Further, based on the well-documented role of DNA 
methylation in AD, we investigated whether differential miR-137 expression is regulated by this 
epigenetic modification. We thus examined the expression and methylation patters of miR-137 in 
middle temporal gyrus (MTG) tissue of AD patients and non-demented controls, by means of 
PCR and the Illumina Infinium 450K Beadarray, respectively. Our novel findings show 
significantly decreased miR-137 expression in the MTG of AD patients in comparison to 
controls. Additionally, we detected a reduction in the methylation levels of the same samples, 
showing a small, but significant correlation with expression levels. This study investigated the 
effect of dysregulated expression and methylation of miR-137 in AD and is the first one 
attempting to show that expression changes of this miRNA are epigenetically regulated. Our 
perspective objective is to investigate differential expression and methylation patterns of miR-
137 in brain structures associated with the symptomatology of the most incipient stages of AD, 
namely brainstem nuclei. Further, we aim to elucidate whether a 15bp variable number tandem 
repeat (VNTR) that regulates miR-137 expression is associated with unique methylation patterns 
and whether its length can predict cognitive decline in a longitudinal cohort of individuals 
suffering from mild cognitive impairment (MCI). 
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Abstract: [Background] We performed neuron-specific methylome analysis of AD brains and 
found profound hypomethylation in BRCA1 promoter region. BRCA1 is known to play an 
important role in DNA repair and its mutation is risk factor of hereditary breast cancer, while it 
has been seldom studied in neuroscience. We analyzed in vitro and in vivo models of AD 
[Objective] Tto elucidatexamine the role of BRCA1 in Alzheimer’s disease pathomechanism, we 
analyzed cellular and mice models.. 
[Methods] We first analyzed the effect of Aβ on BRCA1 expression and DNA damage in N2a 
swe.10 cells harboring mutant APP transgene with Swedish mutation. We further analyzed tested 
BRCA1 expression pattern, and solubility of BRCA1, and, the balance between DNA damage 
and repairfragmentation level of BRCA1 in post-mortem AD, 3× ´Tg-AD and APP/PS1 mice 
brains . We also analyzed the effect of Aβ on BRCA1 expression in APP swe. 10 cells. 
[Results] N2a swe.10 cells showed increased soluble BRCA1 expression which was attenuated at 
the presence of γ-secretase inhibitor. They were positive for DNA double strand break (DSB) 
marker γ-H2ax but showed no detectable DNA fragmentation. BRCA1 was mislocalized at the 
cytoplasm in neuronal cells of AD and 3× ´Tg-AD brains and was found mostly at detergent 
insoluble fractions. However, in APP/PS1 mice it was only found at soluble fraction and 
cytoplasmic BRCA1 was not observed was not mislocalized. In Braak stage 3 AD brains, 
cytoplasmic staining of BRCA1 was limited to found only at the hippocampal CA1 region, while 
at Braak stage 5, they were positive beyond entorhinal through neocortex. APP swe.10 cells was 
positive for DNA double strand break (DSB) marker γH2ax but shoed no detectable DNA 
fragmentation. They showed increased BRCA1 expression which was attenuated at the presence 
of γ-secretase inhibitor. Compared Comparing between 3× ´Tg-AD and APP/PS1 mice, positive 
DNA fragmentation was only observed in 3× ´Tg-AD brains. Promoter region of Brca1 in 
3× ´Tg-AD mice was hypomethylated compared to the wild type mice. 
[Conclusions] Aβ induces DNA DSB and the cell copes with the damage by up-regulating 
BRCA1 through epigenetic mechanism. However, in the presence of aggregated aggregated tau, 
BRCA1 can no longer function properly and DSB is accelerated in AD brains. 
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Abstract: Alzheimer’s disease (AD) is characterized by the progressive dysregulation of 
multiple gene families in forebrain projection systems regulating cognitive function. However, 
the spatiotemporal overlap of these gene expression changes presents a challenge for pinpointing 
causal vs. epiphenomenal events. In this regard, gene expression profiling in frontal cortex 
during AD progression is an attractive option given the relatively delayed involvement of this 
region in AD pathogenesis and its ability to respond to the onset of mild cognitive impairment 
(MCI) by neuronal reorganization. To address these possibilities, we performed microarray 
analysis using frozen frontal cortex (BA10) samples from Rush Religious Orders Study subjects 
who died with a clinical diagnosis of no cognitive impairment (NCI), MCI, or AD (n = 
12/diagnostic group). Total RNA was analyzed using NimbleGen 12 x 135K arrays and probe 
intensity levels were quantified with RMA preprocessing (NimbleScan v2.5). A systems-based 
Weighted Gene Co-expression Network Analysis (WGCNA) was then performed to identify 
modules of co-expressed genes that correlated with disease progression based on clinical or 
neuropathological diagnostic criteria. For example, a network module annotated by clinical 
diagnosis was enriched for insulin signaling (FDR p = 0.016) and included hub genes associated 
with cell cycle control, including p16INK4, and p14ARF. By contrast, a network module 
annotated by Braak and CERAD diagnosis was enriched for hypoxia signaling (FDR p = 0.04) 
and included hub genes associated with cell surface adhesion, including the integrin ITGA6 and 



the α-secretase ADAM10. Intriguingly, Braak stage variability among the cases was most 
strongly associated with peroxisomal alkylglycerone phosphate synthase (AGPS) expression 
(FDR p = 0.007). Additionally, second order linear modeling was performed to identify 
eigengene networks correlated with differential expression in the MCI diagnostic group. 
Notably, annotation by clinical diagnosis identified the hub gene FOXP2, a transcription factor 
prominently involved in language development, whereas annotation by CERAD score variability 
was associated with the natural killer cells KLRC2 (FDR p = 0.002) and KLRC3 (FDR p = 
0.0007). These gene networks may represent underlying plasticity responses in frontal cortex 
associated with the onset of dementia. Taken together, these data suggest that multiple gene co-
expression network alterations in frontal cortex may provide new clues to the biological systems 
underlying the onset and progression of AD. 
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Abstract: The precuneus is a component of the default memory network (DMN). Antemortem 
amyloid imaging studies using Pittsburgh compound B (PiB) revealed that this cortical region is 
particularly vulnerable to amyloid-beta (Aβ) deposition in the earliest, pre-clinical stages of 
Alzheimer’s disease (AD), suggesting that Aβ deposition plays a role in the neuronal dysfunction 



of this component of the DMN in AD. However, there is virtually no information on the effect 
that amyloid deposition has upon gene expression of presumed vulnerable neurons in the 
precuneus. Numerous studies indicate the endosomal-lysosomal (E-L) pathway plays a key role 
in amyloid-beta precursor protein (APP) processing and Aβ generation. Although E-L activation 
occurs prior to the appearance of Aβ pathology, the effect of amyloid pathology upon gene 
expression in precuneus neurons displaying lysosomal network activation remains to be 
determined. Cathepsin D (Cat D), the main acid hydrolase in human lysosomes, is over-
expressed early in vulnerable cortical neurons and is implicated in the pathogenesis of AD. Here, 
we employed Cat D immunohistochemistry to identify layer III pyramidal neurons from the 
precuneus and interrogated them via laser capture microdissection coupled with custom-designed 
microarray analysis to determine their genetic signature from cases that came to autopsy with a 
preclinical diagnosis of no cognitive impairment (NCI), mild cognitive impairment (MCI) and 
AD from the Rush Religious Orders Study. Preliminary results indicate approximately 15% of 
the transcripts on the array platform were differentially regulated between AD and NCI, 8% 
between MCI and NCI, and 17% between AD and MCI, indicating both early and late gene 
expression level changes during the progression of dementia. Classes of transcripts that 
displayed significant levels of alterations included cytoskeletal elements, cholinergic and 
monoaminergic neurotransmission markers, and cell death genes. Individual genes with notable 
expression differences include significant upregulation of the cholinergic synthesis regulatory 
elements choline acetyltransferase (ChAT), acetylcholinesterase (AChE), and 
butyrylcholinesterase (BChE) in AD compared to NCI and MCI. These findings suggest 
compensatory upregulation of the cholinergic system as part of a presumed neuroplasticity 
response, consistent with alterations observed in the frontal cortex and hippocampus at the early 
stages of AD pathology. Furthermore, the profiling of precuneus neurons did not reveal 
alterations in Aβ transcripts suggesting a disconnection between elevated Aβ binding and the 
upregulation of genes within this DMN region. 
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Abstract: High-throughput functional genomics enables gene transcripts and noncoding RNAs 
(ncRNAs) to be assessed quantitatively, which is relevant towards understanding the molecular 
pathogenesis of Alzheimer’s disease (AD). RNA sequencing (RNA-seq) is at the center of this 
paradigm shift. To date, the majority of RNA-seq studies in AD and AD models are at the 
regional level. However, performing RNA-seq using RNA extracted from homogeneous 
populations of cells is possible. This approach avoids contamination from relatively spared 
neuronal and non-neuronal cells. To test the feasibility of single population RNA-seq, CA1 
pyramidal neurons and layer II/III cortical pyramidal neurons were microaspirated from 20 µm 
thick frozen tissue sections mounted onto PEN membrane slides (Leica) obtained from C57Bl/6 
mice and nondemented human brains by laser capture microdissection (LCM; Leica). Tissue 
sections were rapidly stained with Nissl and ~500 cells were acquired per reaction, per cell type. 
CA1 pyramidal neurons and neocortical pyramidal neurons were isolated and RNA was 
extracted. Preliminary data using LCM-captured cortical pyramidal neurons from wild-type mice 
and postmortem nondemented human brain indicate that 500 neurons were sufficient to generate 
robust cDNA libraries for RNA-seq. High quality RNA was demonstrated with clear 18S and 
28S peaks by bioanalysis and RIN values of 4-6 after LCM. cDNAs from murine and human 
cortical pyramidal neurons were of high concentration and fragmented to sizes between 300-500 
basepairs per the RNA-seq protocol. RNA sequencing libraries were generated in conjunction 
with the HiSeq 2500 platform (Illumina). Sequencing results were de-multiplexed and converted 
to FASTQ format using Bcl2FastQ software (Illumina). Paired-end reads were aligned to the 
mouse and human genomes (build mm10/ GRCm38 and hg19/GRCh37, respectively) using the 
splice-aware STAR aligner. HTSeq was employed to generate counts for each gene based on 
how many aligned reads overlap exon sequences. Counts were normalized and used to test for 
differential expression using negative binomial generalized linear models implemented by the 
DESeq2 R. By employing RNA-seq, we will be able to examine changes seen in the entire 
transcriptome of select vulnerable neuronal populations, which will be invaluable for 
determining mechanisms underlying neurodegenerative disorders without contamination of 
admixed cell types. 
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Abstract: Alzheimer’s Disease (AD), a progressive neurodegenerative disorder, is the most 
common form of dementia, affecting approximately 48 million people worldwide. AD has been 
shown to have a sex-biased epidemiological profile, affecting twice as many women as men. In 
an effort to elucidate molecular mechanisms that provide a basis for this difference, we 
conducted a molecular investigation of both females and males using the 5XFAD mouse model 
of AD. This investigation focused on early stages of disease development (1, 2, and 4 months of 
age) using RNA-sequencing of the hippocampus of heterozygous 5XFAD males and females. At 
one month of age, only the transgene is differentially expressed. At 2 months of age, some 
molecular pathological changes could be detected with 39 transcripts identifiable as differentially 
expressed between transgenic animals and wild-type littermates. By 4 months of age, disease-
associated transcriptomic changes are wide-spread, with over 1300 differentially expressed 
transcripts identified. Pairwise comparisons between 4 month old transgenic females and males 
indicate that disease-associated genes are more highly-expressed in female 5XFAD mice than 
their male counterparts. Furthermore, comparisons of female transgenic vs female wild-type 
animals yield more differentially expressed genes than the comparison between transgenic and 
wild-type males, reinforcing the finding that disease-associated molecular changes are more 
wide-spread in female animals. Overall, these data indicate that female 5XFAD mice exhibit 
more profound AD-like molecular pathology than their male counterparts. The sex-biased genes 
identified in this investigation are possible contributors to the observed sex-bias in AD in 
humans, and also provide potential candidate targets for pharmacologic intervention for disease 
amelioration or prevention. 

Disclosures:  J.L. Bundy: None. C. Vied: None. C. Badger: None. R.S. Nowakowski: None. 



Poster 

696. Genetics and Epigenetics of Alzheimer's Disease and Related Models 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 696.11/S2 

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

Support: NIH Grant RO1-AG031517 

 NIH Grant 1R25AGO47843-01 

Title: Apoeε4 status impacts exercise-induced serum bdnf levels in elderly african americans 
with mci. 

Authors: *J. S. ALLARD1,2,3, O. NTEKIM2, S. P. JOHNSON3, J. S. NGWA4, R. F. GILLUM5, 
T. V. FUNGWE2, T. O. OBISESAN3;  
1Physiol. and Biophysics, Howard Univ. Col. of Med., Washington, DC; 2Dept. of Nutr., Howard 
Univ. Sch. of Nursing and Allied Hlth. Sci., Washington, DC; 3Geriactrics Division, Dept. of 
Med., 4Cardiovasc. Med., 5Dept. of Med., Howard Univ. Hosp., Washington, DC 

Abstract: Possession of the Apolipoprotein E (ApoE) gene ε4 polymorphism is the most 
prevalent genetic risk factor for Alzheimer’s disease (AD), and is also associated with other 
neurodegenerative conditions. Evidence indicates that ApoE plays important roles in critical 
brain functions including response to brain injury, cerebrovascular function and synaptic 
plasticity. Recent evidence has also suggested that ApoE genotype differentially affects 
expression of brain-derived neurotrophic factor (BDNF). Notably, aerobic exercise-induced 
upregulation of BDNF is well documented; and exercise has been shown to improve cognitive 
function, in many disease states, in both young and elderly populations. Thus, BDNF 
upregulation is a highly proposed mechanism for the cognitive-enhancement effects of physical 
exercise. In this study we examined the effects of ApoEε4 carrier status on exercise-induced 
changes in BDNF expression. Elderly African Americans diagnosed with mild cognitive 
impairment participated in a six-month, supervised program of either stretch or aerobic exercise. 
Participants engaged in 40 minutes of supervised exercise training 3 times per week. Aerobic 
exercise consisted of treadmill walking or jogging at an initial intensity that correlated with 50% 
VO2Max and gradually increased to 70% VO2Max. Stretch exercise consisted of a variety of 
dynamic stretch positions that were held for 15-30 second intervals. BDNF levels in serum were 
measured using ELISA. Age, BMI, MMSE scores, VO2Max and baseline BDNF did not differ 
between ApoEε4 carriers and non-ε4 carriers. There was a statistically significant interaction 
between ApoEε4 status and 6-month serum BDNF levels (p=0.010). Non-ε4 carriers showed a 
significant increase in BDNF levels at the 6 month exercise time point, while ε4 carriers showed 
no significant effect of the exercise intervention. We have identified an important relationship 



between the ApoEε4 genetic polymorphism and BDNF response to physical activity which likely 
impacts the extent of neuroprotective benefit gained from engagement in physical exercise. 
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Abstract: Over last few years, ample evidence has been generated pointing towards an 
epigenetic dysregulation in Alzheimer’s disease (AD). Our understanding of the full scope of the 
epigenetic apparatus is still rapidly evolving, with techniques to investigate the mechanisms 
involved barely keeping up. DNA methylation is one of the most studied epigenetic mechanisms, 
and many of the methods used depend on bisulfite (BS) conversion of the DNA to distinguish 
methylated from non-methylated cytosines. The inability of these methods to distinguish DNA 
methylation from DNA hydroxymethylation, another, functionally different epigenetic 
modification, has been somewhat neglected due to methylated cytosines generally being much 
more abundant. This limitation, however, may be especially problematic in brain tissue, which is 
enriched in hydroxymethylated cytosines. As some of the major findings in relation to 
methylomic alterations in relation to AD have been made using Illumina’s Infinium 
HumanMethylation450 BeadChip (450k) array, we used a recently established technique using 
both BS converted and oxidative bisulfite (oxBS) converted DNA, to investigate the methylome 
and hydroxymethylome in the middle temporal gyrus of 47 AD patients and 36 controls. 



Differentially (hydroxy)methylated positions (D(h)MPs) and regions (DMRs) related to AD were 
determined and compared with those resulting from the combined methylation and 
hydroxymethylation signal. Previously reported genes with altered DNA methylation in AD, 
ANK1 and RHBDF2, were in our top 100 for the combined signal and the methylation signal 
only, indicating these genes are only affected by alterations in DNA methylation in AD. 
Interestingly, we identify a DMP and DMR, and a DhMP in the OXT gene, suggesting this gene 
is regulated through both methylation and hydroxymethylation. Genes associated with our top 
DMPs, include SYNJ2, PRKCSH and EFNA3, and genes associated with our top DhMPs, include 
GNB3, PDE4D and PRKCSH. We also investigated the relation between DNA 
(hydroxyl)methylation and mRNA expression. In conclusion, as there are currently no arrays 
available for the genome-wide investigation of DNA hydroxymethylation, we used an approach 
based on the 450k array, combining BS and oxBS treated DNA, and identified genes with altered 
methylation or hydroxymethylation in AD. 
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Abstract: Recent Genome-wide Association Studies (GWAS) and the wider availability of High 
Throughput Sequencing (HTS) continue to refine our understanding of the genetic basis for 
Alzheimer’s disease. To date, more than 22 genes that increase the risk of AD have been 
identified, providing targets for potential therapeutic intervention. However, the genetic basis for 
clinical progression in AD is not well understood. To identify deterministic genetic factors for 
disease progression in AD, we collected 100 multi-incident families. All patients were followed 
in the UBC Hospital Clinic for Alzheimer disease and Related Disorders, with deep, longitudinal 
cognitive assessments. Rate of cognitive decline up to 10 years from symptom onset was 



recorded by measuring standardized scores on the Montreal Cognitive Assessment Scale 
(MoCA), Mini-Mental State Examination (MMSE), and the Modified Mini Mental (3MS) 
exams. Whole exome analysis was performed on 100 affected probands using 57Mb AmpliseqTM 

library preparation with an Ion Proton system. Results were complemented by Illumina MEGA-
Ex genotyping (1.8M single nucleotide polymorphisms (SNPs)) and subsequent copy number 
analyses. All known and novel variants in genes linked/associated with dementia syndromes 
were documented; when required pathogenicity was confirmed by Sanger sequencing or Taqman 
probes, and segregation analyses within families. Association between SNPs and long-term 
clinical disease progression was assessed using logistic regression models. A genetic panel to 
predict clinical progression would be a valuable tool in the overall assessment of patients with 
AD. 
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Abstract: Traditional understanding of the genome is that every cell in the human body contains 
a constant and identical genomic sequence. However, a growing body of evidence has shown 
that neurons in the brain are an exception to this dogma. Neurons within a single brain display 
genomic mosaicism, the phenomenon that is produced by neurons having distinct genomes, like 
individual tiles in a mosaic. Genomic mosaicism encompasses aneuploidy, copy number 



variation, line-1 elements, and single nucleotide variants. We first identified brain aneuploidies 
in neural progenitors and functionally integrated neurons; and documented region-specific 
changes in total DNA content in human neurons by DNA flow cytometry. Recently, we 
identified an ~8% increase in total DNA content in sporadic Alzheimer’s disease (SAD) 
prefrontal cortical neurons compared to controls, that was accompanied by mosaic APP copy 
number amplifications, and independent of trisomy 21 [Bushman et al., eLife 2015]. This work 
demonstrated the first functional significance for mosaic DNA changes in neurons. We assessed 
the possibility that genomic mosaicism may also function in other neurodegenerative diseases, 
including genetic forms of AD via the well-documented AD association with Down Syndrome 
(DS). Remarkably, DS cortices, from age 0-60 years, displayed a highly significant linear 
increase in total DNA content that was not observed in non-diseased brains. The greatest 
increases were observed in brains displaying AD pathology, and increases were equivalent to 
those observed in SAD brains. These data implicate genomic mosaicism and DNA content 
increases as common events in both SAD and genetic AD. Importantly, the linearity of 
increasing DNA implicates post-mitotic neuronal DNA synthesis accumulating with age. 
Targeted genomic analyses of cell populations and single cells are under investigation and 
preliminary data have revealed mosaic copy number events and unique structural alterations. 

Disclosures:  G.E. Kaeser: None. B. Siddoway: None. M. Lee: None. S. Rohrback: None. C. 
Sauvey: None. J. Chun: None. 

Poster 

696. Genetics and Epigenetics of Alzheimer's Disease and Related Models 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 696.15/S6 

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

Title: Role of Unc5c, Alzheimer's risk gene in late-onset Alzheimer's disease 

Authors: *D. KARUNAKARAN1, J. ATWAL2, R. VASSAR1;  
1Northwestern Univ., Chicago, IL; 2Genentech, South San Francisco, CA 

Abstract: Alzheimer’s disease (AD) is characterized by amyloid plaques, neurofibrillary tangles, 
and synaptic and neuronal loss. Recently, a rare autosomal dominant coding mutation, T835M, 
was discovered in the Un-coordinated 5c (Unc5c) netrin receptor gene that segregated with late-
onset AD (LOAD). T835M alters a conserved amino acid in the hinge region of the Unc5c death 
domain, suggesting the mutation may increase apoptosis. Indeed, in primary hippocampal 
neurons, overexpression of Unc5c T835M increased cell death in response to neurotoxic stimuli 
including beta-amyloid (Aβ). These results suggest a mechanism by which Unc5c T835M may 



confer increased risk of LOAD, however the effects of this mutation in an AD animal model 
have not yet been explored. Toward this end, we have obtained a mouse knock in (KI) model of 
Unc5c T85M that we will cross with the 5XFAD mouse model of amyloid pathology and neuron 
loss. We hypothesize that the Unc5c T835M mutation will exacerbate neuronal death in the 
5XFAD brain via increased sensitivity to Aβ-induced neurotoxicity and Unc5c death domain 
activation. We will investigate mechanisms of cell death in 5XFAD; Unc5c T835M KI mice by 
behavioral, biochemical, and cellular approaches, and unbiased RNA deep sequencing 
(RNAseq). Although neuron loss is a hallmark of AD, the exact molecular mechanism of cell 
death in AD is unclear. We expect our results to provide valuable insight into AD-associated cell 
death and how Unc5c is involved in AD pathogenesis, and thereby identify novel therapeutic 
targets for preventing neuron loss in AD. 
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Abstract: Alzheimer’s disease is characterized by neuritic plaques, consisting primarily of 
amyloid-beta (Aβ) aggregates, and neurofibrillary tangles (NFTs), assemblies of 
hyperphosphorylated forms of the protein tau. Tau phosphorylation is under the control of 
multiple kinases and phosphatases, including GSK3β, Fyn, and PP2A. Previously, our group 
correlated a regulatory region single nucleotide polymorphism (SNP), rs7768046, in the FYN 
gene as associated with increased cerebrospinal fluid total tau levels. In this study, we 



hypothesized that FYN expression in the brain is directly influenced by AD status and genetic 
content. Our results suggest that FYN mRNA levels stay constant but protein levels are increased 
in AD patients, which are further altered by regulatory SNPs in each FYN isoform promoter as 
well as the shared 3’ untranslated region (3’ UTR). Additionally, expression of the FYN 3’ UTR 
can differentially inhibit FYN isoform promoter activity in multiple human cell lines, suggesting 
regulatory region variation can play an important role in FYN modulation and isoform 
expression. Further study supports a potential role for microRNAs (miRNAs) participating in 
regulatory roles of FYN expression. Several miRNA are predicted to target the FYN 3’UTR. Of 
these predicted miRNA a few are differentially expressed in AD compared to control post-
mortem hippocampus. Our preliminary data suggest two of these differentially expressed 
miRNAs, hsa-miR-200c-3p and hsa-miR-15a-5p, do not significantly affect FYN expression in 
CHP-212 or SH-SY5Y cells. Taken together, these data suggest that FYN expression is regulated 
according to AD status and promoter haplotype, and such genetic variants may be instrumental 
in the development of NFTs in AD and other tauopathies. 
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Abstract: Alzheimer’s Disease (AD) is a common, devastating, progressive neurodegenerative 
disease that results in dementia and eventually patient death. While a wide variety of theories 
exist regarding AD’s underlying pathological mechanism, the consensus agrees on the 
involvement of the proteins amyloid β (Aβ) and Tau, encoded by the APP and MAPT genes 
respectively. Aβ is a major component of the amyloid plaques, and Tau forms the neurofibrillary 
tangles, which are both suspected of playing a causative role in the development or pathogenesis 



of AD. While modern biology holds that nearly all healthy cells in a given organism are 
genomically identical, several reports published within the past decade have begun to call this 
assumption into question. These reports found that in both developing and mature mammalian 
brains many different types of large-scale genomic alterations such as aneuploidy and copy 
number variations (CNVs) occur in a mosaic fashion. This phenomenon is referred to as genomic 
mosaicism. We recently reported neuronal genomic mosaicism in the form of increased DNA 
content variation (DCV) associated with sporadic AD. (Bushman et al., eLife 2015). Based upon 
these findings, we have pursued further characterization of DNA content changes using flow 
cytometry and fluorescence activated cell sorting (FACS) analyses of isolated NeuN+ nuclei. 
Analyses have focused on variations associated with 1) SAD and other 
neurodegenerative disorders, 2) brain regions, and 3) neuronal subtypes. Preliminary data 
indicate that non-random alterations to DCV are occurring regionally and in neuronal subtypes, 
and current efforts are identifying changes in 
putative genes associated with DCV. These findings have implications for our understanding of 
both origins and roles for genomic mosaicism in SAD. 
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Abstract: Alzheimer’s disease (AD) is an age-related neurodegenerative disease accounting for 
60-70% of dementia cases. Large-scale genetic studies have aimed to elucidate potential risk 
genes. Among the approximately 300 genes studied in different AD cohorts to date, APOE has 
emerged as the most consistent marker associated with late-onset AD, the most common form of 
AD. Although the allele frequency of APOE is moderately lower in the Chinese population than 
Caucasian populations, few genetic studies of the Chinese AD population have been conducted. 
Here, we analyzed the APOE locus using our in-house low-pass whole-genome sequencing data 
from a Chinese AD cohort. We not only confirmed the existence of a long-range haplotype in the 
40-kb region around APOE, which is strongly associated with AD, but also identified other novel 
variants linked to AD in this region. These results suggest a multigenic effect contributing to the 
late-onset AD pathogenesis in chromosome 19q13.32 involving PVRL2, TOMM40, APOE, and 
APOC1. Our findings will facilitate the determination of potential biomarkers for the diagnosis 
of AD in the Chinese population. 
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Abstract: Alzheimer’s disease (AD) is a devastating neurodegenerative disease and clinically 
characterized by cognitive function decline, short-term memory loss, language disturbance, and 
executive function impairment. A relatively new feature of the normal brain is genomic 
mosaicism, that consists of aneuploidy, LINE elements, copy number variations, and single 
nucleotide variations. Recently, genomic mosaicism was identified in sporadic AD (SAD) brains 
and was associated with increased DNA content and APP copy number increases, supporting the 
operation of genomic mosaicism mechanisms in SAD (Bushman et al. eLIFE, 2015). To further 
explore genomic mosaicism in SAD, small populations of neuronal nuclei were stained by 
propidium iodide and NeuN, and isolated by fluorescence-activated cell sorting (FACS). 
Genomic DNA was extracted and being assessed by a range of PCR strategies including 
multiplex methodologies, using collections of primers designed against a range of AD-related 
genes - both coding and non-coding regions - including those identified from genome-wide 
association studies (GWAS). Preliminary results have identified regionally distinct signals that 
are consistent with genomic mosaicism, and further validation is ongoing, results of which will 
be presented. 
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Abstract: Alzheimer’s disease (AD), the most common form of dementia, includes the features 
of decline in memory impairment and other cognitive domains as well as prominent hippocampal 
atrophy. Although there is no disease modifying medication for AD yet, cholinesterase inhibitors 
and an NMDA (N-methyl-D-aspartate) receptor antagonist (memantine HCL) are often used 
clinically. Previously, we performed a gene-based association analysis of neurogenesis pathway-
related candidate genes in participants from the Alzheimer’s Disease Neuroimaging Initiative 
(ADNI) cohort and identified ADORA2A and a SNP (rs9608282-T) upstream of ADORA2A to be 
significantly associated with larger hippocampal volume and better memory scores. Based on 
previous studies suggesting that ADORA2A plays an important role controlling NMDA-
dependent synaptic toxicity and memory impairment (Tebano, Martire et al. 2005, Yee, Singer et 
al. 2007, Sarantis, Tsiamaki et al. 2015), we examined the interaction of memantine use and 
rs9608282 (ADORA2A) on hippocampal volume and memory performance. Methods: Non-
Hispanic Caucasian participants (N=1,102) from ADNI with structural magnetic resonance 
imaging (MRI) scans were included. We evaluated the effect of rs9608282 on hippocampal 
volume and composite memory score in ADNI participants diagnosed with MCI (mild cognitive 
impairment) or AD. Participants were further classified as a memantine user (NMDA (+)) or a 
memantine non-user (NMDA (-)). Two-way analysis of covariance (ANCOVA) for continuous 
variables and chi-square for categorical variables were performed in SPSS 23.0. Results: NMDA 
(-) participants carrying at least one copy of the minor allele (T) of ADORA2A rs9608282 had a 
larger mean hippocampal volume (p<0.001). There was also a significant interaction of NMDA-
receptor antagonist use and ADORA2A rs9608282 on memory performance (p = 0.009). NMDA 
(+) participants carrying at least one copy of the minor allele (T) of the ADORA2A rs9608282 
had poorer memory performance. Conclusion: The synaptic localization of A2a receptors 
(ADORA2A) plays a key role controlling NMDA-dependent synaptic transmission in the 
hippocampus (Rebola, Sachidhanandam et al. 2007). Individuals with genetic variation in 
ADORA2A gene associated with glutamate signaling pathway may show differential 
responsiveness to NMDA-receptor targeted treatment. 
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Abstract: The relationship between long-term cholinergic dysfunction and risk of developing 
dementia is poorly understood. Here we used mice with deletion of the vesicular acetylcholine 
transporter (VAChT) in the forebrain to model cholinergic abnormalities observed in dementia. 
Whole genome RNA-sequencing of hippocampal samples revealed that cholinergic failure 
causes changes in RNA metabolism. Remarkably, key transcripts related to Alzheimer’s disease 
are affected. BACE1 for instance, shows abnormal splicing caused by decreased expression of 
the splicing regulator hnRNPA2/B1. Resulting BACE1 overexpression leads to increased APP 
processing and accumulation of soluble Aβ1-42. This is accompanied by age-related increases in 
GSK3 activation, tau hyper-phosphorylation, caspase-3 activation, decreased synaptic markers, 
increased neuronal death and deteriorating cognition. Pharmacological inhibition of GSK3 
hyperactivation reversed deficits in synaptic markers and tau hyperphosphorylation induced by 
cholinergic dysfunction, indicating a key role for GSK3 in some of these pathological changes. 



These results suggest that changes in RNA processing caused by cholinergic loss can facilitate 
Alzheimer’s-like pathology in mice, providing a mechanism by which decreased cholinergic tone 
may increase risk of dementia. 
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Abstract: Background: Alzheimer’s disease (AD) is a heterogeneous neurodegenerative 
disease, which accompanies with impaired synapses and memory loss. Compensations were 
reported in AD brains by enlarging the remaining synapses connections or by paraterminal 
sprouting of dendritic spines. However, the underlying mechanism is not yet understood. Recent 
studies showed that non-coding RNAs can crosstalk through microRNA response elements 
(MRE) and manipulate biological processes, but few was studied in AD. Working on the 
hypothesis that non-coding RNAs can mutually interact in a competing endogenous RNAs 
(ceRNA) manner and contribute to the AD processes, we attempted to identify the functional 
ceRNAs in AD and the biological processes that they involved. 
Materials and methods: CeRNA network was constructed based on a whole transcriptome 



sequencing and a previous studied microRNA-seq of APP/PS1 transgenic mice. CeRNA 
mechanism was testified by dual luciferase reporter assay. Overexpression and RNA interference 
assay was detected by quantitative RT-PCR and western blot in Neuro-2a cell line. Dendritic 
spine study was performed in primary cultured hippocampal neurons by calcium transfection. 
Results: A lncRNA-microRNA-mRNA network based on APP/PS1 mouse model was firstly 
demonstrated. Four seed lncRNAs and five hub miRNAs were mainly enriched in nine pathways 
and an AD related gene pool. Ribonuclease P RNA component H1 (Rpph1) is up-regulated 
APP/PS1 mice cortex compared to those of wild type and competes to bind miR-330-5p, 
subsequently increasing Cdc42 mRNA and protein level, moreover, overexpression of Rpph1 
increased dendritic spine density in primary cultured hippocampal pyramidal neurons. Visa 
versa, knockdown of Rpph1 decreased Cdc42 expression level and dendritic spine density. 
Conclusion: These results indicate that Rpph1 post-transcriptionally regulates Cdc42 dynamics 
in a ceRNA manner, which can modulate dendritic spine formation in hippocampal neurons. 
Furthermore, these could be one of the molecular mechanisms underlying the compensations of 
AD process. 
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Abstract: An essential hallmark of Alzheimer’s Disease (AD) is β-amyloid plaque formation. 
However, a strong association between β-amyloid deposition and structural atrophy has been 
lacking. Thus, we sought to investigate the influence of amyloid burden on subcortical structures. 
Data obtained from Alzheimer’s Disease Neuroimaging Initiative consisted of baseline 3T T1-
weighted MR images and respective [18F]-florbetapir (FBP) PET analyses. Subjects were 
classified into amyloid positive or negative, using average FBP standardized uptake rate with 
cerebellum as a reference region, and AD patients excluded due to low power. MR images were 
pre-processed with minc-bpipe-library, and then processed with MAGeT brain for outputs of 
volume, vertex displacement and surface area. Influence of amyloid burden on subcortical 
volumes and morphometry were analyzed via multiple linear regression; accounting for 
diagnosis, age, sex, APOE ε4, and total brain volume. Analyses of vertex displacement and 
surface area were corrected for multiple comparisons with FDR.Our analyses did not show an 
effect of amyloid burden on the volume of either subcortical structure. Inward and outward 
pointing displacements in the amyloid positive individuals were observed in all structures 
analyzed in the absence of volume changes and survive correction for multiple comparisons at 
1% false discovery rate and are highlighted in Fig 1. Our results point to a strong heterogeneity 
of amyloid burden, and suggest an overall effect on subcortical morphometry with no influence 
on subcortical volume, and provide further insight into the complex interplay between β-amyloid 
deposition and structural features in AD. 
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Abstract: Alzheimer’s disease (AD) is a gradual neurodegenerative disease that results in 
memory loss and can be accompanied by dementia and even death. Although AD is the 6th 
leading cause of death in the US, there remain few methods to detect its early onset. Currently, 
there is no gadolinium-based contrast agent available for conventional magnetic resonance 
imaging (MRI) detection of amyloidal beta (Aβ) plaques in Alzheimer’s disease. Its timely 
finding would be vital for patient survival and quality of life. Curcumin (CUR), a common 
Indian spice, effectively binds to Aβ plaques, which is a hallmark of AD. To address this 
binding, we have designed a novel nanoimaging agent (NIA) based on nature-derived poly(β-L-
malic acid) (PMLA) containing covalently attached gadolinium–DOTA(Gd–DOTA) and nature-
derived CUR. The all-in-one agent recognizes and selectively binds to Aβ plaques and is 
detected by MRI. It efficiently detected Aβ plaques in human and mouse samples by an ex vivo 
staining. The method can be useful in clinic for safe and noninvasive diagnosis of AD. 
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Abstract: The Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) 
has been used extensively clinically and for research on Mild Cognitive Impairment and 
Alzheimer’s disease (AD), however relatively few studies have evaluated the relationship 
between RBANS performance and AD imaging biomarkers. The purpose of the current study 
was to evaluate the association between a relatively new amyloid imaging biomarker, 18F-
Flutemetamol, and performance on the RBANS and select behavioral measures in 27 non-
demented, community-dwelling older adults. Amyloid deposition and RBANS Indexes of 



Immediate Memory, Language, Attention, Delayed Memory, and Total Scale score were 
significantly correlated (p’s < .05, d’s = 0.91-2.16), with greater amyloid burden being 
associated with lower RBANS scores. The Delayed Memory Index was particularly highly 
associated with 18F-Flutemetamol binding (r2 = .53). Neither 18F-Flutemetamol binding nor 
RBANS performance was significantly correlated with levels of depression or subjective report 
of cognitive difficulties. Because of the limited usage of amyloid-PET imaging in clinical 
settings due to high cost, these findings suggest that in particular RBANS Delayed Memory 
Index may be a cost-efficient tool to identify early signs of AD pathology, and its use may 
enlighten clinical decision making regarding potential progression to dementia due to AD. 
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Abstract: INTRODUCTION: The severity of pathological protein deposition, and concomitant 
iron presence distinguishes neurological disorders. Tissues with high amounts of protein or iron 
deposits have a characteristically rapid T2* MRI signal decay. Therefore, these tissue 
components do not appear on traditional MRI, as the NMR signal has already gone through 
multiple time constants of decay before any signal can be acquired. Ultra-short Echo Time 
(UTE) imaging, however, significantly reduces the time between the appearance of an NMR 
signal and its sampling. The advantage of this rapid signal acquisition is that we can measure the 
characteristics of the components in the tissues correlated with iron and proteins. In this work, 
we explored the use of a custom 3D UTE technique to measure very short T2* values within the 
tissue in ex vivo human brain samples, each with known Braak VI taopathy or with 
cerebrovascular disease (CVD). We quantified the MR signal from tissues with T2* values of 
less than 1ms. METHODS: We implemented a 3D UTE MRI sequence with a 3D cones k-space 
trajectory using a 3T Siemens scanner on a formalin fixed, 20 mm thick, coronal human brain 
slab from a subject with known Braak VI taopathy, and from a subject with known 
cerebrovascular disease (CVD). Both slabs included the amygdala and head of the hippocampus, 
regions with expected deposits of beta amyloid plaques, tau tangles, associated non-heme iron, 
and possible inflammation. UTE images were acquired at TEs of 0.25, 0.5, 0.8, 1.0, 2.0, 3.0, and 
5.0ms and TR of 12.1ms. Resolution was 1 mm isotropic, flip angle was 15 deg, and the FOV 
was 15 cm in all directions. Difference images were then formed by subtracting the TE=5ms 
images from the images acquired at the other TEs, effectively suppressing longer T2* tissues. 
Then, T2* maps of the brains constructed and two ROIs from the same location in hippocampus 
with short T2* values for both the brains were used for doing histology. RESULTS: We 
measured T2* values in the amygdala and hippocampus for the ROIs having 63 pixels. T2* 
values in the ROI of AD brain was 4.8+/-1.9ms (mean+/-SD), and T2* values in the ROI of 
CVD brain 2.2+/-1.1ms. We analyzed tissue sections for the presence Abeta-42, tau, and CD-68 
immunohistochemical reactivity, and enhanced Perl’s staining. We noted that the T2* signal 
decreased with the additive presence of amyloid plaques, tau tangles, non-heme iron, and 
activated microglia. CONCLUSION: A novel 3D UTE MRI sequence with a 3D cones k-space 
trajectory was used to image short T2* tissues in the amygdala and hippocampus. Future work 
will further examine the individual contributions of pathological proteins, non-heme iron, and 
inflammation to the T2* decay. 
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Abstract: Purpose: The Nucleus Basalis of Meynert (NBM) and its projections in the cingulum 
are among the first affected structures in Alzheimer’s disease (AD). We evaluated the integrity 
and cognitive correlates of these structures in Mild Cognitive Impairment (MCI), a group at risk 
for AD. Method: We obtained high-resolution whole-brain T1-weighted images and 64-direction 
diffusion images from 22 participants with MCI (age: 75.86(8.74), MMSE: 27.23(1.85), 1 
female) and 15 elderly controls (EC; age: 74.67 (7.62), MMSE: 29.07 (0.80), 1 female) on a 
Siemens 3T Skyra. Participants completed a thorough neuropsychological battery. NBM volume 
was calculated using a previously validated template of basal forebrain subfields. Maps of the 
cingulum bundle (a major tract in the medial pathway projecting from the NBM) were created on 
an individual basis using probabilistic tractography in FSL. Average diffusivity measures, 
including fractional anisotropy (FA), mean diffusivity (MD), and radial diffusivity (RD), were 
calculated for each subject’s cingulum bundles. Results: NBM volume was lower in MCI than 
EC (t(35.34)=2.31, p<0.05). Across the entire group, NBM atrophy correlated with poorer verbal 
memory performance (e.g. logical memory II: r= 0.41, p= 0.01) and visual memory performance 
(e.g. BVMT: r=0.43, p < 0.01), but not hippocampal volume. The diffusivity measures in the 
cingulum bundle did not differ between groups but were associated with performance on verbal 
memory tests (e.g. logical memory II with left RD (r=-0.48, p < 0.01), left MD (r=-0.33, 
p=0.051), and left FA (r=0.46, p < 0.01)), visual memory performance (e.g. BVMT total with left 
RD (r= -0.49, p < 0.01), left MD (r=-0.38, p<0.05) and left FA (r=0.48, p<0.01)), and 
hippocampal volume (RD: r= 0.40, p < 0.05, MD: r=-0.422, p=<0.05, FA: n.s.). Conclusion: 
This study used state of the art imaging methods to evaluate the structural integrity of multiple 
components comprising the cholinergic system: the cell bodies of the NBM, the axons in the 
cingulum, and targets for cholinergic modulation like the hippocampus. These findings support 
the cholinergic hypothesis in AD by showing, in vivo, that each component is involved early in 
the disease process. 
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Abstract: Mild cognitive impairment (MCI) is associated with deficits of memory and is 
generally considered a prodromal stage of Alzheimer’s disease (AD). Deficits of attentional 
control and executive functioning have also been implicated in MCI, and may represent a risk 
factor for progression to AD. We examined the association between white matter integrity and 
performance on the color-word Stroop task in 22 patients with MCI (21M, 1F) and 15 elderly 
controls (14M, 1F). Diagnosis was made by clinician consensus after review of 
neuropsychological test battery. Each participant completed high resolution MPRAGE and 
diffusion tensor imaging (DTI, b=1000s/mm2, 64 directions, 2x2x2) scans on a Siemens 3T 
Skyra. Performance on the Stroop task (Golden version, 45 seconds per condition) was obtained 
as part of comprehensive neuropsychological testing. Participants with MCI demonstrated intact 
performance on the Color and Word task conditions, but were impaired relative to controls on 
the Color-Word condition (t(35)=2.63, p = .01), and the Color-Word Interference effect 
(t(35)=2.59, p = .01). Voxel-wise Tract-Based Spatial Statistics (TBSS) were correlated with the 
color-word interference effect of the Stroop using Randomise (TFCE applied, uncorrected p < 
.02). We found associations between Stroop performance and white matter integrity (fractional 
anisotropy; FA) in white matter tracts underlying right dorsolateral prefrontal cortex and superior 
parietal lobule, as well as right orbito-frontal cortex and insula. These regions correspond to two 
neural networks associated with the executive control of attention: a dorsal network comprising 
aspects of lateral frontal and parietal lobes, and a ventral network comprising medial 
frontal/cingulate regions and anterior insula. These findings suggest difficulties in MCI with both 
top-down and bottom-up attentional processing, impacting task-switching and conflict-
monitoring abilities. They also join a growing body of work showing that AD-associated 



pathology is not limited to the cortex, but includes alterations to white matter. Results point to 
potential mechanism for pathophysiology of early cognitive deficits leading to AD, and a 
potential imaging biomarker of early AD-related brain changes. 
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Abstract: Vascular Permeability in Substantia Nigra, Globus Pallidus, Putamen and Thalamus is 
Higher in Older as Compared to Younger Subjects 
Background: In older healthy subjects, [18F]AV-1451, a PET tau tracer that is supposed to bind 
to hyperphosphorylated tau, seems to bind to regions (putamen and other nuclei) known not to 
have abnormal tau deposition on neuropathology. Our aim was to determine whether apparently 
increased specific [18F]AV-1451 binding in areas unlikely to harbor hyperphosphorylated tau, 
such as the substantia nigra, thalamus, globus pallidus and putamen, of older subjects could be 
related to greater vascular permeability of these regions in older subjects as compared to younger 
ones. 
Methods. In six younger (23±2.1 years of age, three women) and six older (68.8±7.6 years, three 
women) healthy subjects we measured dynamic [18F]AV-1451 uptake over a three-hour period. 
In the same subjects we obtained dynamic gadolinium concentrations before and after a bolus 
injection of gadolinium, a large molecule commonly used to assess the permeability of the 
blood-brain barrier, by performing a pre-contrast 3D T1 map (five flip angle acquisitions) 
followed by a dynamic contrast enhanced MRI (DCE-MRI). During and after infusion, we 
acquired 180 consecutive T1-weighted volumes (3.4 sec per volume) over 10 minutes. SUVr of 
[18F]AV-1451 and permeability parameters (Ktrans) of gadolinium were analyzed by volume-of-
interest methods. 
Results. There was greater SUVR of [18F]AV-1451 in the thalamus, globus pallidus and 



putamen (but not in cerebellum or cerebral cortex) of older as compared to younger subjects. 
Gadolinium Ktrans was similar in the cerebellum, temporal cortex, and choroid plexus of 
younger and older subjects, but there was higher permeability in the substantia nigra, thalamus, 
globus pallidus, and putamen (all p<0.05) of older as compared to younger subjects. 
Conclusion. Increased capillary permeability in substantia nigra, pallidum and putamen of 
healthy older subjects could underlie some of the regional differences in [18F]AV-1451 uptake 
observed in older as compared to younger healthy subjects. 
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Abstract: In frontotemporal dementia syndromes including behavioral variant frontotemporal 
dementia (bvFTD) and semantic variant primary progressive aphasia (svPPA), 
neurodegeneration appears to originate in a selectively vulnerable epicenter region and spread 
outward via network connections. This model has been tested in cross sectional data but has not 
been validated with longitudinal data. In this study we developed a new unified model for 
predicting both cumulative regional atrophy and regional atrophy rate of change as a function of 
path length from the epicenter and disease stage. 
We modeled cumulative gray matter atrophy over time in each region as its own sigmoidal 
function, where the sigmoid onset time is determined by network path length from the epicenter. 
If cumulative atrophy increases sigmoidally, the rate of change will follow the sigmoidal 
derivative curve. The main prediction of this model is that regional longitudinal atrophy rate will 
peak before cumulative atrophy plateaus, and thus rate of change will reveal the “leading edge” 
of disease spread earlier than cumulative atrophy. 
We tested this model in patients with bvFTD (n=17), svPPA (n=22), and age-matched controls 
(n=26) T1 MRI scanned twice 12 months apart. A whole brain parcellation of 482 regions was 



used to extract svPPA/bvFTD regional cumulative atrophy scores and longitudinal atrophy 
scores. We identified the syndrome epicenters in the anterior temporal lobe/frontoinsula from our 
previous study. Next, a healthy functional 482x482 connectome was used to determine each 
region’s shortest path length from the epicenter. We built a model with sigmoid/derivative curves 
for each region based on path length, and then predicted the cumulative/longitudinal atrophy for 
each region by sampling each region’s sigmoid/derivative curves at a fixed timepoint. We then 
tested the accuracy of this model against our observed data. 
The combined model of spread in bvFTD from the epicenter in the right frontoinsula was 
significant for both cumulative atrophy (r = 0.42, p < 0.0001) and longitudinal rate of atrophy (r 
= 0.30, p < 0.0001). In svPPA, the model of spread from the left temporal pole was significant 
for cumulative atrophy (r = 0.70, p < 0.0001) and longitudinal rate of atrophy (r = 0.38, p < 
0.0001). Thus, a network-based model making joint predictions about cumulative atrophy and 
rate of change can unify observations from baseline and longitudinal structural MRI studies, 
while providing a more accurate prognosis about downstream regions at greatest risk during 
disease progression. 
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Title: Resting state network profiles of alzheimer's disease and frontotemporal dementia: 
preliminary examination 
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Abstract: The assessment of resting-state functional connectivity (FC) has become an important 
tool in studying brain disorders. Here we define functional connectivity as correlations of brain 
activity between two or more anatomically distinct brain regions with data obtained from resting-
state functional magnetic resonance imaging (rsfMRI). These brain regions can be classified as 
components of well-established resting state networks (RSNs). Recent evidence from rsfMRI 
studies have shown that brain network connectivity is altered in patients with neurodegenerative 
disorders. However, few studies have examined the complete connectivity patterns of these well-
reported RSNs using a whole brain approach and how they compare between dementias. Here, 
we used advanced connectomic approaches to examine the connectivity of RSNs in Alzheimer’s 
disease (AD), Frontotemporal dementia (FTD), and age-matched control participants.22 
participants (10 controls [63.4±7.8 years], 8 AD [72.63±13.9 years], 4 FTD [62.75±8.1 years]) 
from an ongoing study at Indiana University School of Medicine underwent a ten minute rsfMRI 
session (eyes closed) on a Siemens MRI 3T Prisma Scanner. Data was processed using an in-
house pipeline modeled after Power et. al., 2014. Images were parcellated into 278 regions of 
interest (ROI) based on Shen et. al., 2013. Connectivity between each ROI pair was described by 
Pearson's correlation coefficient. Brain regions were grouped into seven canonical RSNs as 
described by Yeo et al. (2015). Pearson correlation values were then averaged across pairs of 
ROIs in each network and averaged across individuals in each group. These values were used to 
determine relative expression of FC in each RSN (intra-network) and create RSN profiles for 
each group. AD and FTD exhibited a similar profile of RSNs, showing higher FC within 
somatomotor, ventral attention, limbic, frontoparietal, and DMN networks compared to controls. 
However, intra-network FC in AD was lower for all networks compared to FTD. While previous 
studies noted changes in network patterns in specific neurodegenerative states, few have 
examined the relative expression of FC in each RSN using a whole brain connectivity approach. 
Therefore, our approach allows us to create profiles that could help compare intra-network FC in 
different neurodegenerative diseases. Future work with expanded samples will help us to draw 
more substantial conclusions regarding differences, if any, in the connectivity patterns between 
RSNs in various neurodegenerative diseases. 
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Abstract: Early morphological alterations of subcellular organelles from the endo-lysosomal 
pathway in Alzheimer’s disease (AD) and Down Syndrome (DS) were widely observed by 
immunocytochemistry and confocal microscopy, notably an increase in size of early endosomes 
(EE). Neurons bearing enlarged EE have been described before amyloid pathology and clinical 
symptoms (Cataldo et al., 2000). Endosomal enlargement was also detected in primary 
fibroblasts of individuals with DS (Jiang et al., 2010, Cataldo et al., 2008), peripheral blood 
mononuclear cells from individuals with DS and AD patients (Cossec et al., 2012; Corlier et al., 
2015), in the brain of mouse models of familial AD with mutations in the gene encoding APP 
(Choi et al., 2013) and in the brain of Ts65Dn mice modeling DS (Cataldo et al., 2003). 
EE diameter ranges from 100 to 250 nanometers, making their observation hampered by the 
diffraction-limited resolution of conventional light microscopy which is the only technique used 
so far to investigate EE morphological alterations. In the present work we used super-resolution 
microscopy and ultrastructural imaging to further characterize the endosomal compartment in 
cellular and mouse models of DS. 
We immunostained EE using an anti-EEA1 antibody (C45B10, Cell Signaling) in cells from 
individuals with DS (lymphoblastoid cell lines and fibroblasts) and in basal forebrain cholinergic 
neurons (BFCNs) from Ts65Dn brains. Electron microscopy revealed clusters of normal-sized 
EE in lymphoblastoid cell lines (EE mean area: control = 0.0538µm2 vs. DS = 0.0473µm2, t-test 
p-value = 0.52), in fibroblasts and in BFCNs from Ts65Dn (1.98-fold increase of endosomal 
clusters as compared to control mice), suggesting that previously described enlarged EE are 
rather aggregated EE. We next analyzed EE in neurons derived from induced pluripotent stem 
cell clones of an individual with a mosaic trisomy 21 (T21). We observed enlarged EE by 
widefield microscopy in neurons with T21 as compared to euploid neurons (mean volume: 
0.017µm3 vs. 0.021µm3 respectively, t-test p-value = 0.01). Super-resolution structured 
illumination microscopy observations revealed that these apparently enlarged EE corresponded 
to clusters of normal-sized EE (mean volume: control = 0.00801µm3 vs. DS = 0.0079µm3, t-test 
p-value = 0.84). 
Our work confirms the significance of EE dysfunction in DS as previously demonstrated in 
numerous studies. Furthermore, using high resolution microscopies we unveil the presence of 
aggregates of normal-sized EE rather than enlarged EE. This new result implies to redirect the 
effort made on the understanding of EE abnormalities and their implication in DS and AD 
pathogenesis. 
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Abstract: Cell cycle proteins are reported to be expressed in neurons in Alzheimer’s disease 
(AD) (Yang et al., 2003). Despite supporting evidence that amyloid-β (Aβ) and tau-mediated 
toxicity is accompanied by neuron progression in the G1, S or G2 phase of the cell cycle, ectopic 
mitosis events have yet to be shown (Copani et al., 1999; Giovanni et al., 1999). Therefore, cell 
cycle re-entry events are hypothesized to contribute to neurodegeneration in mature neurons and 
the failure to complete the cell cycle results in neuronal cell death (Raina et al., 2001). The 
potential role of cell cycle proteins in neurodegenerative diseases associated with neuronal loss is 
still mechanistically unknown. Likewise, the temporal role of (Aβ) in inducing aberrant cell 
cycle reentry is also unknown. Here, we used a method designed to track cell-cycle progression 
described from Sakaue- Sawano and colleagues (2008). This fluorescent ubiquitination-based 
cell cycle indicator (Fucci) system allows the tracking of the G1-G2/S phase transition in living 
cells by exploiting the cell-cycle dependent proteolysis of the ubiquitination oscillators Cdt1 and 
Geminin. The fusion of the red- and green-emitting fluorescent proteins mKO2 and Azami Green 
(mAG) to portions of Cdt1 and Geminin respectively in the nuclei of cells causes cells in G1 to 
emit red fluorescence and those in S/G2/M phase to emit green fluorescence. We optimized this 
method in primary neurons to allow simultaneous tracking of the progression of live cells in 
the G2 phase and the occurrence of cell death after the administration of different preparations of 
Aβ. It was shown that primary hippocampal neurons transduced via lentivirus with both the 
mKO2 and mAG fucci constructs re-enter the cell cycle in response to Aβ peptides 
administration. We also show that the number of neurons entering the G2 phase of the cell cycle 
increases with longer incubation times and higher concentrations of Aβ. We did not observe any 
neurons in the G2 phase in the untreated controls, suggesting that the G1 to G2 transition is an Aβ 



dependent event. There were also no changes in the cell morphology or rate of cell death in 
response to Aβ treatment. We have used this system to dynamically study the neuronal cell 
behavior and to quantify the numbers of neurons that re-enter the cell cycle in response to 
oligomeric, fibrillary and monomeric forms of β-amyloid peptides. The physiological relevance 
of this in vitro cell based model is underscored by this data accurately reflecting those previously 
observed in vivo where we observed that Aβ expression in mice is associated with the expression 
of several cell cycle proteins in the brains of APP transgenic mice. 

Disclosures:  S. Ippati: None. 

Poster 

698. Modeling Parkinson's Disease 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 698.01/T11 

Topic: C.03. Parkinson’s Disease 

Title: Acceleration of synuclein pathology induced by seeding with recombinant preformed α-
synuclein fibrils 

Authors: *D. L. CZILLI, L. LI, M. HAYASHI, Y. TIAN;  
Lilly Res. Labs, Eli Lilly and Co., Indianapolis, IN 

Abstract: Parkinson’s disease (PD) is pathologically characterized by a progressive loss of 
dopamine neurons in the substantia nigra, and aggregation of the α-synuclein (α-Syn) protein 
into Lewy bodies (LB). A53T (B6;C3-Tg(Prnp-SNCA*A53T)83Vle/J) is a transgenic animal 
model that expresses human A53T variant alpha-synuclein (full-length, 140 amino acid isoform) 
under the direction of the mouse prion protein promoter. Our experience with this model has 
shown that it can take 8 to 10 months for a subset of homozygous mice to develop the severe 
motor phenotype and concomitantly robust pathology primarily centered in the brainstem and 
spinal cord. Once pathology arises, those animals become moribund and die within a matter of 
days. To establish a more consistent symptomatic model, we performed intracerebral inoculation 
of pathological α-synuclein using recombinant preformed α-synuclein fibril seeds (sonicated 
PFFs) in 3 and 7 month old male Tg A53T mice. This inoculation initiated a rapid progression 
and spreading of α-synucleinopathy as described by Luk et al., 2012. At 90 days post infusion 
(dpi), we saw widespread LB-like α-synuclein pathology not only limited to the injection site, 
but also abundant on the contralateral side and other interconnected regions of brain stem, cortex 
and spinal cord in both 3 and 7 month old mice. The age of mice at the time of inoculation did 
not make a significant difference in pathology development. In addition, we developed 
biochemical methods to quantitatively examine the a-synuclein propagation. Phosphorylated and 



mis-folded α-synuclein in spinal cord lysates were measured by ELISA and western blot and we 
showed a significant increase of both phosphorylated and mis-folded α-synuclein in the PFF-
injected spinal cord lysates compared to a-synuclein monomer injected controls. Using this 
model, we were able to demonstrate that inoculation with synthetic α-Syn preformed fibrils 
(PFFs) can accelerate the formation and propagation of pathological inclusions throughout the 
mouse CNS. In addition, the inclusions formed appear consistent with those seen in PD-like α-
Syn pathology. 
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Abstract: Emerging evidence from studies of human subjects and animal models suggest that 
Parkinson’s disease (PD) pathology (alpha-syunclein accumulation) and neuronal dysfunction 
may occur first in peripheral neurons of the autonomic nervous system including the enteric 
branches of the vagus nerve (for review see Del Tredici and Braak; Neuropathol Appl Neurobiol. 
2016; 42:33-50). The risk of PD increases greatly in people over the age of 65, a period of life in 
which chronic inflammation is common in many organ systems including the gut. We previously 
reported that a pro-inflammatory diet (high fat, glucose and fructose) exacerbated autonomic 
(vagal parasympathetic) dysfunction, whereas an anti-inflammatory diet (alternate day fasting) 
ameliorated vagal dysfunction in transgenic mice overexpressing mutant human alpha-synuclein 
(A53T PD mice) (Griffioen et al., Neurobiol Aging. 2013; 34:928-935). In the present study we 
are testing the hypothesis that chronic low-level intestinal inflammation can accelerate the age of 



disease onset, and worsen alpha-synuclein pathology and systemic and CNS inflammation in 
A53T alpha-synuclein mutant transgenic mice. Wild type (WT) and A53T PD mice were treated 
with or without 0.5% (w/v) dextran sodium sulphate (DSS) in their drinking water for 12 weeks 
beginning at 3 months of age. During the first 2 weeks of DSS treatment both WT and A53T PD 
modest weight loss and intermittent diarrhea which subsequently subsided. At 12 weeks of 
treatment the WT/DSS and A53T PD/DSS groups exhibited colon shortening and spleen 
enlargement compared with control mice that did not receive DSS. The age of onset of motor 
dysfunction, evaluated using a rotarod test, gait analysis and grip strength measurements, was 
significantly earlier in DSS-treated A53T PD mice compared to control A53T PD mice. Markers 
of systemic inflammation were also increased in DSS-treated A53T PD compared to A53T PD 
mice in the control group. We are currently evaluating alpha-synuclein pathology in the gut, 
vagus nerve and brain. These findings from a mouse model suggest the possibility that chronic 
gut inflammation can promote pathogenic processes in PD, and are consistent with the notion 
that the disease can be initiated in peripheral autonomic neurons and then progress into the brain 
a retrograde manner. Supported by the Intramural Research Program of the National Institute on 
Aging. 
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Abstract: Parkinson's disease (PD) is a neurodegenerative disease characterized by loss of 
dopaminergic neurons in the substantia nigra that causes tremor, akinesia and muscle rigidity. A 
pathological hallmark of PD brain is the appearance of Lewy bodies, which is comprised of more 
than 70 molecules. Among them, α-Synuclein is regarded as a major component of the Lewy 
body and one cause of the PD. In fact, mutations in SNCA gene encoding α-Synuclein cause 
familial PD. Nevertheless, the precise function of the α-Synuclein in PD onset is unclear. 
Although transgenic mouse models of PD carrying mutated α-Synuclein have been established 
so far, these models could not reproduce proper PD pathology because of differences in brain 
structure and function. This has been one of the major limitations for PD research. Hence, MPTP 
(1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)-induced PD models in non-human primates, 
which show phenotypes similar to progressive stage PD patient, have been widely used. 
However, it is still difficult to investigate phenotypes before onset or at early stages using this 
drug-induced non-human primate model. From this point of view, transgenic models of non-
human primate are desired. In this presentation, we report establishment and analysis of 
transgenic common marmosets, a small non-human primate, harboring mutated α-Synuclein. 
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Abstract: While cell loss and α-synuclein (αsyn) aggregates in the substantia nigra pars 
compacta (SNpc) are a major hallmark of Parkinson’s disease PD, pathology in the locus 
coeruleus (LC) is commonly more severe, and may even precede that found in the SNpc and 
contribute to nigrostriatal loss. While most PD research has focused on the SNpc, we have 
lacked suitable models to understand how αsyn pathology specifically affects noradrenergic 
neurons in PD, and whether noradrenergic neurons are vulnerable to αsyn pathology. Increased 
expression of αsyn is a factor in its aggregation, as heritable triplication mutations in the SNCA 
gene are associated with early-onset PD. Transgenic models of αsyn overexpression have 
previously been unable to selectively target LC neurons, limiting our understanding of how αsyn 
pathology affects noradrenergic neurons. To examine this question, we have developed a BAC-
transgenic mouse model overexpressing wild-type human αsyn under the control of the 
noradrenergic-specific dopamine β-hydroxylase promoter. These animals overexpress human 
αsyn in LC neurons, and enteric neurons derived from the neural crest. Preliminary analysis 
revealed human αsyn immunoreactivity and mRNA expression in noradrenergic neurons of the 
LC in transgenic mice, but not non-transgenic littermates. We are currently evaluating age-
dependent LC neuron loss and fiber degeneration in these mice. In the transgenic gastrointestinal 
system there is a significant increase in αsyn expression in enteric neurons at 14 months, raising 
the possibility that the model may also prove useful for examining peripheral pathologies 
commonly seen in PD in the gastrointestinal tract related to αsyn accumulation. Combined, our 
preliminary findings indicate that this novel transgenic mouse model overexpresses human αsyn 
in noradrenergic neurons, and that it could provide insight into the mechanisms underlying PD-
like αsyn aggregation and spread, as well as a platform to test future therapeutic strategies to 
target αsyn pathology in regions other than the SNpc. 
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Abstract: Manganese (Mn) is an essential metal that is found in all tissues, it has an important 
function in different metabolism processes and serves as a cofactor for many enzymes. It is 
known that Mn is essential for development and brain function; however, at high concentrations 
this metal is neurotoxic and concentrates mainly in the Basal Ganglia (BG), where developed a 
neurological disorder similar to Parkinson Disease (PD), referred to as Manganism. The clinical 
symptoms of Mn neurotoxicity include: psychiatric disorders, parkinsonism and dystonia, if the 
exposure continues and the disease progresses, the patients develop hypokinesia, rigidity and 
muscle tremor. In our laboratory was characterized a PD model through the inhalation of Mn+2 
and Mn+3 that produces ultrastuctural changes, dopaminergic neurons degeneration in the 
Substancia Nigra pars compacta, (SNc) and motor impairments, the alterations are progressive 
and bilateral, which makes it advantageous to other models, so this study examines the motor 
and cytological changes in male mice while inhaled the Mn mixture (manganese chloride 
(MnCl2) and Mn acetate (Mn(OAc)3) for 7 months and compare with mice which inhaled for 5 
months and were left 2 more months to determinate if the motor impairments improve after Mn 
inhalation has concluded. The experiments were carried out in CD1 male mice, divided into 3 
groups: 10 mice (control) were exposed to deionized water, 10 mice were exposed to the Mn 
mixture for 7 months (continue inhalation) and 10 mice were exposed to Mn for 5 months and 
were left without inhalation for two months (post inhalation). The inhalation was performed in 
an acrylic box 1 hour 2 times per week. Every week, the motor performance was evaluated, in 
the walking beam and in the reaching task tests. After 7 months, the animals were sacrificed, 
perfused and the brains were extracted, we performed immunohistochemistry for tyrosine 
hydroxylase (TH), to count SNc TH-immunoreactive neurons. According to our results the 
exposition to the Mn mixture induced motor alterations, in both, Reaching Task and beam 
walking test, in addition to the loss of dopaminergic neurons of approximately 67 % in exposed 
animals. There were no recovery in the exposed groups for 5 months, in comparison to the 
continued exposition group (7 months) so we considerer that the inhalation of Mn compounds is 
a reliable model that simulates some behavioral and morphological disturbances as reported in 
PD since it is bilateral, progressive, non invasive, and the animals did not recover after the 
inhalation has been terminated and is easily reproduced. 
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Abstract: To investigate the molecular mechanism of dopaminergic (DA) neuron death related 
to α-synuclein pathology and to establish Parkinson's disease mice model, we aimed to establish 
mice, in which α-synuclein is overexpressed in DA neurons in a temporarily restrictive manner 
using Tet-off system. We used TetO-α-SynA53TTg/+ mice and DAT-tTA Tg/+ mice. TetO-α-
SynA53TTg/+ mice express mutant A53T human α-synuclein (α-SynA53T) regulated by a 
tetracycline operator. DAT-tTA Tg/+ mice express a tetracycline-controlled transactivator 
protein (tTA) driven by the mouse dopamine transporter (DAT) promoter. We mated TetO-α-
SynA53TTg/+ mice with DAT-tTA Tg/+ mice and analyzed their offspring including TetO-α-
SynA53TTg/+;DAT-tTA Tg/+, TetO-α-SynA53TTg/+;DAT-tTA +/+, TetO-α-
SynA53T+/+;DAT-tTA Tg/+, and TetO-α-SynA53T +/+;DAT-tTA +/+ mice. 
Immunohistochemical analysis showed that TetO-α-SynA53T Tg/+;DAT-tTA Tg/+mice 
successfully expressed α-SynA53T in DA neurons in the SN in the absence of doxycycline (Tet-
off). These mice exhibited DA neurons loss in the SN in adulthood. TetO-α-SynA53T 
Tg/+;DAT-tTA Tg/+ mice are useful for the investigation of the molecular mechanism of DA 
neurons death in Parkinson's disease. 
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Abstract: Multiple system atrophy (MSA) is a fatal neurodegenerative disorder characterized by 
a combination of autonomic dysfunction, cerebellar ataxia and l-dopa unresponsive 
parkinsonism. The hallmark of MSA is the accumulation of α-synuclein (α-syn) aggregates in 
oligodendrocytes forming glial cytoplasmic inclusions. Currently available models of MSA are 
transgenic mice with constitutive expression of α-syn in oligodendrocytes. These models 
replicate several features of MSA but do not display progressive and robust neurodegeneration in 
brain regions severely affected in MSA such as the striatum and substantia nigra. Adeno-
associated viruses (AAV) allow targeting the expression of disease-associated genes in selected 
cellular ensembles and have proven useful to improve the modelling of Parkinson’s disease by 
targeting the neuronal overexpression of α-syn in the substantia nigra of rodents and non-human 
primates. Here, we developed chimeric AAV1/2 vectors expressing either human wild-type α-
syn or the green fluorescent protein (GFP) under the control of the mouse myelin basic protein 
(MBP) promoter. MBP-driven expression of GFP resulted in >80% oligodendroglial selectivity 
in rats and mice. Bilateral injection of AAV expressing α-syn in the striatum of rats resulted in 
progressive bilateral stepping deficits that were not improved by l-dopa when assessed 6 months 
after AAV-injection. Histopathological analysis revealed a significant loss of dopaminergic 
neurons at 3 months, further progressing at 6 months, together with a reduction of striatal 
medium spiny neurons. Prominent α-syn accumulation, including pS129 and proteinase-K 
resistant α-syn was detected in the striatum and substantia nigra. Histopathological assessment of 
AAV-injected monkeys is currently underway. AAV-mediated oligodendroglial expression of α-
syn in rats allows inducing progressive and l-dopa unresponsive sensorimotor impairments 
associated with progressive nigral and striatal neurodegeneration, and accumulation of 
pathologically relevant forms of α-syn, thereby replicating some of the key features of MSA. 
This flexible strategy can be used to investigate, in several species, how α-syn accumulation in 
selected oligodendroglial populations contributes to the pathophysiology of MSA. This AAV-



mediated modelling of MSA expands the currently limited range of α-syn-based models and 
offers a new framework for the pre-clinical validation of therapeutic strategies. 
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Abstract: Parkinson's disease (PD) is a neurodegenerative disorder characterized by motor 
symptoms such as resting tremor, bradykinesia, rigidity and muscle weakness. These changes 
result from the loss of dopaminergic neurons of the substantia nigra compacta (SNc). It is known 
that chronic exposure to high levels of manganese (Mn) tends to accumulate in the brain, 
especially in the basal ganglia, mainly in dopamine (DA) rich regions, altering the integrity of 
dopaminergic neurons and DA neurochemistry, resulting in a neurological syndrome resembling 
PD. The present study was designed to determine neuronal death laterality and progression of 
SNc dopaminergic neurons in mice exposed to inhaled divalent and trivalent manganese 
(Mn2+/Mn3+) mixture at different times. CD-1 male mice inhaled a mixture of 0.04 M 
manganese chloride (MnCl2 ) and 0.02 M manganese acetate (Mn(OAc)3 ), 1 h twice a week for 
15 days, a month and also for two, three, four and five months. By the end of Mn exposure 
period, animals were killed. The mesencephalon was processed for tyrosine hydroxylase (TH) 
immunocytochemistry. After two months of Mn mixture inhalation the number of TH-
immunopositive neurons in SNc decreased 25% and 42%, 51% and 61% at three, four and five 
months, respectively. We also note that the number of dopaminergic neurons was greater on the 
left side. This difference was significant only at two and three months after starting the inhalation 



showing a loss of 16% and 14% for three months. These data provide evidence that Mn mixture 
inhalation produces alterations similar to those seen in PD since the death of dopaminergic 
neurons is bilateral, lateralized, gradual and progressive. 
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Abstract: Parkinson’s disease (PD) is the second most common neurodegenerative disease. PD 
is characterized by motor control deficits that arise from a loss of dopaminergic (DA) neurons in 
the substantia nigra (SN). However, the fundamental cause of DA neuron loss is unknown. 
Deficiencies in the process of adult neurogenesis have been strongly associated with Alzheimer’s 
disease, a pathophysiologically related disorder. Conversely, investigations of neurogenesis in 
relation to PD have reported conflicting findings and the notion of adult neurogenesis for DA 
neurons remains controversial. The inability to reproduce previous studies favoring adult DA 
neurogenesis may result from technical limitations. To overcome these limitations, we created a 
mouse model to permanently label DA neuron precursors permitting mapping of their fate in 
adult animals. Using this model, we have discovered compelling evidence for adult DA 
neurogenesis. Surprisingly, we found that precursor cells responsible for mature DA neuron 
replacement express Nestin but not Sox2. This is the first report of a Nestin-positive/Sox2-
negative neuronal progenitor pool perhaps indicating an atypical origin for these cells. 
Interestingly, it was also found that the rate of DA neuron regeneration mirrors that of DA 
neuron loss in an enhanced inflammatory response model of PD. This observation suggests that 



progressive loss of DA neurons in PD might result from suppression of DA neurogenesis in 
adults by inflammatory response. These findings represent a substantial leap in current 
knowledge of adult DA neurogenesis in vivo, will enable improved modeling in vitro, and 
facilitate the harnessing of this process for therapeutic interventions for PD. 
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Abstract: The extracellular matrix (ECM) is an intricately arranged molecular framework 
comprised of secreted proteins and complex sugars that support cell function and survival. 
Changes in the highly-hygroscopic hyaluronan (HA) network, the structural scaffold of the ECM 
in the brain, can dramatically modify the extracellular space (ECS) volume. Parkinson´s Disease 
(PD) is characterized by severe neuronal loss leading to motor impairment. The 
neuropathological hallmark in PD is the presence of Lewy Bodies (LBs), intraneuronal 
proteinaceous cytoplasmic inclusions constituted, among other components, by alpha-synuclein. 
Abnormal alpha-synuclein species are transmitted between anatomically connected regions by a 
mechanism that remains unknown and the ECS appears to play a key role in the transmission of 
proteopathic seeds from cell to cell. Here we sought to explore the HA network in the ventral 
midbrain of mice injected with Lewy-body fractions derived from PD patients, an established 
model of alpha-synuclein-induced neurodegeneration. Since HA can be visualized with 
fluorescent probes, we analyzed its structure by confocal microscopy and developed a method to 
model and quantify the complexity of the HA network in vast regions of the brain. We provide 



here a detailed description of the ECM scaffold and its spatial relationship with dopaminergic 
neurons, glial cells and alpha-synuclein in the substantia nigra of Lewy-body injected mice, 
where a substantial alteration of the ECM was observed. Our results provide insight on a crucial 
and underexplored component of the brain in a context of neurodegeneration and adds to our 
understanding of the pathophysiology of neurodegenerative disorders. 
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Abstract: Rationale: Parkinson’s disease (PD) is a degenerative disorder that affects movement, 
due to the progressive death of dopaminergic cells in the midbrain substantia nigra pars 
compacta (SNc) of the basal ganglia. Unfortunately, the progression of this cell death has proven 
to be difficult to slow and impossible to reverse. The “gold standard” treatments for most 
patients with PD (dopamine replacement drug therapy with or without surgery) are effective at 
attenuating the motor signs, at least initially, but they do not reliably slow the progression of the 
disease. Thus, there is a large need for new therapeutic strategies for treatment, particularly those 
that offer neuroprotection against PD insult. Several studies have highlighted neuroprotective 
properties of photobiomodulation by near infra-red (NIR) light (low intensity light therapy) in 
animal models of PD induced by a neurotoxin. However, these animal models of PD, based on 
the acute use of neurotoxin, are not fully representative of progressive stages of the disease. Here 
we assessed the effect of NIR illumination in a mouse genetic model exhibiting progressive 



dopaminergic cell degeneration and motor deficits, the key features of the slow progressive 
human PD disease. 
Methods: At 6 weeks half of the Engrailed 1 heterozygous (En1+/-) and the Wild-Type (WT) 
mice were treated with a twice daily NIR illumination during 90 seconds for five days per week 
until one year old. All mice were tested for motor activity in both open-field and running wheel 
tests. Dopaminergic cell degeneration was examined using tyrosine hydroxylase (TH) 
immunohistochemistry. 
Results: With the use of our behavioural tests, we found that motor activity was not improved 
greatly by NIR treatment in the En1+/- aged mice. However, we found that NIR treatment 
protected many SNc dopaminergic cells from degeneration. The number of TH-immunoreactive 
cells was higher in En1+/- mice exposed to NIR light (average = ~12650 cells) compared to En1+/- 
mice not subjected to NIR treatment (average = ~10100 cells) in the SNc. 
Conclusions: Although the behavioural tests and time scale we used did not reveal large 
improvements in motor activity, our immunohistochemical findings revealed clear evidence for 
neuroprotection. These data indicate that NIR can reliably slow the progression of the 
neurodegeneration in PD; behavioural improvements may become more obvious at later time 
periods or with other tests. 
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Abstract: Aggregation of alpha-synuclein is implicated in several neurodegenerative diseases. 
Emerging evidence have strongly implicated cell-to-cell transmission of misfolded alpha-
synuclein as a pathogenetic mechanism in synucleinopathies. Several experimental paradigms 
have been used to study alpha-synuclein propagation in animals, in particular injections of 
exogenous in vitro-generated preformed alpha-synuclein assemblies (Bousset et al., 2013) or 
alpha-synuclein containing Lewy Bodies (LB) extracts from postmortem PD patient brain tissue 
(Recasens et al., 2014). The aim of this study was to investigate the pathophysiological 
similarities and differences associated with distinct alpha-synuclein assemblies regarding toxicity 
and spreading in wild-type animals. We tested alpha-synuclein-containing LB extracts and two 
types of highly purified and structurally characterized α-syn strains denoted “fibrils” and 
“ribbons”, at different concentrations. Wild-type mice received a stereotactic injection in the 
substantia nigra of either synthetic alpha-synuclein strains or LB extracts. Four months after 
injection, extensive analysis was performed to assess qualitatively, quantitatively and spatially in 
the whole brain the extent and pattern of lesion as well as the occurrence of synucleinopathy 
using both biochemical and histochemical procedures. This study allows establishing whether 
distinct alpha-synuclein assemblies follow different propagation pathways and exhibit specific 
tropism for cells or circuits. The underlying idea was to address key questions common to 
synucleinopathies, and develop a reliable model for testing neuroprotective therapies. 
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Abstract: Rotenone has been shown to induce many parkinsonian features and has been widely 
used in chemical models of Parkinson’s disease (PD). Its use is closely associated with α-
synuclein (α-syn) phosphorylation both in vivo and in vitro. However, the mechanisms whereby 
rotenone regulates α-syn phosphorylation remain unknown. Protein phosphatase 2A (PP2A) has 
been shown to play an important role in α-syn dephosphorylation. We therefore investigated if 
rotenone caused α-syn phosphorylation by down-regulation of PP2A activity in mice. Rotenone 
increased the phosphorylation of α-syn at Ser129, consistent with the inhibition of PP2A activity 
by increased phosphorylation of tyrosine 307 of PP2A catalytic (pTyr307 PP2Ac). We further 
explored the interactions among rotenone, PP2A, and α-syn in SK-N-SH cells and primary rat 
cortical neurons. Rotenone inhibited PP2A activity via phosphorylation of PP2Ac at Tyr307. The 
reduction in PP2A activity and rotenone cytotoxicity were reversed by treatment with the PP2A 
agonist, C2-ceramide, and the SRC kinase inhibitor, SKI606. Immunoprecipitation experiments 
showed that rotenone induced an increase in calmodulin-SRC complex in SK-N-SH cells, thus 
activating SRC kinases, which in turn phosphorylated PP2A at Tyr307 and inhibited its activity. 
C2-ceramide and SKI606 significantly reversed the rotenone-induced phosphorylation and 
aggregation of α-syn by increasing PP2A activity. These results demonstrate that rotenone-
reduced PP2A activity via SRC kinases is involved in the phosphorylation of α-syn. These 
findings clarify the novel mechanisms whereby rotenone can induce PD. 
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Abstract: Mutations of the leucine rich repeat kinase (LRRK2) are the most common genetic 
risk factor for Parkinson’s disease (PD). Although the pathogenic mechanisms by which LRRK2 
mutations facilitate the development of PD remain largely unknown, LRRK2 has been 
implicated in neuroinflammation. We investigated if LRRK2 mutations exacerbate 
neuroinflammation in response to an inflammatory trigger using lipopolysaccharide (LPS) and, 
consequently may lead to selective degeneration of dopaminergic neurons. 
Rats carrying the G2019S LRRK2 mutation and wild type (WT) litter mates were subjected to an 
acute inflammatory insult using a 3 mg/kg LPS dose injected intraperitoneally (i.p.) at 4 months 
of age. A longitudinal PET study using 11C-PBR28, a marker of microglia activation, 11C-DTBZ, 
a VMAT2 marker of dopaminergic integrity and 18F-DOPA, a marker of dopamine synthesis and 
turnover, was performed at baseline and 1 week to 10 months post-LPS. Behavioral tests were 
performed 6-10 months after treatment. Postmortem immunohistochemistry (IHC) for 
dopaminergic (tyrosine hydroxylase, TH) and inflammatory (CD68) markers is being performed. 
No difference in any of the PET markers was observed at baseline. The longitudinal 11C-PBR, 
corrected for ageing, showed significant time effects between baseline and 10 months (p = 
0.035). Additionally, a highly significant difference between the saline and LRRK2-LPS group 
was observed at 10 months post-LPS (p =< 0.001). No selective degeneration of dopaminergic 



terminals or in dopamine synthesis and turnover was observed in TG or WT rats with 11C-DTBZ 
and 18F-DOPA. No treatment genotype interactions were observed with behavioural tests. TG 
animals showed a deficit in the rotarod performance independent of treatment. LPS treated 
animals showed decreased number of sniffs in olfactory test (p = 0.04 (TG), p = 0.002 (WT)). 
Preliminary analysis of the postmortem TH stain revealed no changes in density of dopaminergic 
neurons matching our 11C-DTBZ PET results. 
This longitudinal in vivo study supports the hypothesis that G2019S LRRK2 mutations increase 
neuroinflammation following an acute inflammatory insult. However, our PET and preliminary 
IHC results do not show selective degeneration of the dopaminergic system by a single acute 
exposure to an inflammatory trigger as shown in other models of PD. Currently, we are 
completing the postmortem analysis by IHC to validate our PET results. 
The effect of repeated rather than single insults should be explored in further studies as well as 
the effect of inflammatory triggers on other systems than the dopaminergic system. 
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Abstract: Background: The role of the adaptive immune system in the progression of 
Parkinson’s disease is still elusive. While changes have been described in immune response 
during PD, it is not evident if these alterations are pathogenically relevant. Results from animal 
models of PD have been controversial with reports of detrimental effect of T-cells in the MPTP 



mouse model and a protective role in the 6-OHDA model. In this study, we characterized the 
impact of the adaptive immune system in a novel, non-toxic PD model. The model of AAV1/2 
mediated overexpression of human A53T α-synuclein (aSyn) was chosen because it better 
reflects the clinical and paraclinical aspects of the human disease than the mentioned toxin 
models. 
Objective: To ascertain the contribution of the adaptive immune system in the pathogenesis of 
the AAV1/2 driven expression of human A53T aSyn model of PD. 
Methods: AAV1/2 A53T aSyn or AAV1/2 empty vector (EV) at a concentration of 5.1 x 
10exp12 gp/ml were unilaterally injected into the right substantia nigra (SN) of male adult 
C57BL/6 or RAG-1-/- mice lacking mature T-and B-lymphocytes. Additionally, another group 
of RAG-1-/- mice that received wildtype bone marrow (RAG-1-/- wt BM AAV1/2 A53T aSyn), 
was included into the study. Clinical examination was performed by rotarod analysis and 
cylinder test examining paw use asymmetry. Immunohistochemistry was used to determine 
lymphocyte infiltration in the SN. FACS analysis was implemented to investigate brain 
infiltrates of immune cells. 
Results: Significant impairment of rotarod performance and paw use asymmetry in the cylinder 
test with preference for the right front paw was observed in the wt A53T aSyn injected group 
compared to the wt EV group at 8 weeks post injection (rotarod p<0.05; cylinder test p<0.01). 
Immune deficient RAG-1-/- A53T aSyn injected mice improved significantly in their motor 
assessments compared to immune competent wt A53T aSyn mice (rotarod p<0.05; cylinder test 
p<0.001). RAG-1-/- wt BM A53T aSyn mice however demonstrated a significant deterioration in 
motor behavior compared to immune deficient RAG-1-/- A53T aSyn mice (rotarod and cylinder 
test p<0.05). Immunohistochemical staining revealed an increase of CD8>CD4 T-cell numbers 
in wt A53T aSyn SN. FACS analysis using CD69 as activation marker showed a high activation 
and infiltration of CD8+ and CD4+ T-cells in the brain after A53T aSyn injection. 
Conclusions: The presence of lymphocytes worsens clinical symptoms in this AAV1/2 A53T 
aSyn mouse model of PD. 
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Abstract: Aim: In this study, our goal is to induce cognitive and motor dysfunction in an animal 
model aimed to recapitulate the late stages of Parkinson’s disease (PD) dementia by adeno-
associated viral vector (AAV)-mediated alpha-synuclein (a-syn) overexpression bilaterally in 
dentate gyrus (DG) together with substantia nigra (SN). Methods: Female Sprague-Dawley rats 
(200-250g) were used for streotactic injections. AAV-carrying either a-syn (n=11) or green 
fluorescent protein (GFP; n=11) gene, or as a sham control just saline (n=8) injected bilaterally 
both into DG and SN. Further seven animals used as naïve control. All animals were tested for 
memory, spatial learning, anxiety, hedony, motor coordination and locomotion by novel object 
recognition (NOR), Morris water maze (MWM), elevated plus maze (EPM), sucrose preference, 
rotarod tests and basal and apomorphine induced locomotor activity test respectivelty, between 
16-18 weeks following injection. Brain samples were analyzed by western blotting for semi-
quantitative a-syn and GFP expression. The study was approved by Hacettepe University Animal 
Experimentations Local Ethics Board (2014/51-08). Results: A-syn and GFP expression was 
shown both in DG and SN by western blotting. A-syn group spent shorter time with the novel 
object in NOR test, spent longer time to find the platform in MWM and spent longer time on 
open arm in EPM compared to controls (p<0,05). Also a-syn group consumed less sucrose 
compared to controls (p<0,05). In rotarod test; a-syn group displayed worse motor performance 
on the rod compared to controls (p<0,05). In locomotor activity test; all the groups showed 
increase in horizontal activity after apomorphine injection compare to basal activity however, 
only a-syn group showed a marked increase compare to controls (p<0,05). Conclusion: A-syn 
overexpression in SN and DG together led to memory impairment, spatial learning deficits and 
anhedonia besides motor dysfunction and apomorphine sensitivity. Neuronal loss as well as 
preceeding synaptic dysfunction in hippocampus together with SN might be responsible for the 
cognitive and motor impairments. The underlying mechanisms of these changes will be 
examined with further histopathological analysis. 
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Abstract: PD is a progressive movement disorder of the nervous system, which is characterized 
by motor-symptoms like tremor, rigidity and bradykinesia. Synapse degeneration of neurons in 
PD-relevant brain regions is typical for PD patients that develop dementia and was recently 
shown to be related to synaptic alpha-synuclein accumulation and aggregation. Alpha-synuclein 
is a presynaptic neuronal protein and is linked to the pathogenesis of PD. Only little is known 
about synapse loss and spine densities in PD mouse models that should mimic the human 
disease. To elucidate the quantitative distribution of synapses and spine density in the 
hippocampus of Line 61, D-Line and A53T transgenic mice, synaptophysin and spinophilin 
levels were analyzed over age. Synaptophysin is a vesicle protein and is presynaptically 
expressed while spinophilin is a postsynaptic marker highly enriched in dendritic spines. Our 
results show that in Line 61 transgenic mice both markers are highly increased at 6 months but 
not in other age groups. In D-Line mice, both markers are significantly decreased in all age 
groups while in A53T transgenic mice none of the markers is altered. Our results show different 
effects of alpha-synuclein expression on synaptic density and dendritic spines in the 
hippocampus of three different transgenic mouse models. 
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Abstract: Heterozygous mutations in the gene encoding the lysosomal hydrolase beta-
glucocerebrosidase (GBA1) are an important risk factor for Parkinson’s disease (PD). In vitro, 
altered GBA activity promotes alpha-synuclein accumulation and elevated levels of alpha-
synuclein compromise GBA enzymatic function, thus supporting a pathogenic mechanism in PD. 
However, the mechanism by which GBA deficiency is linked to increased risk of PD in vivo 
remains unknown. Since knocking-out GBA in the entire central nervous system (CNS) in mouse 
induces massive neurodegeneration associated with early death, we sought to generate a mouse 
model of dopaminergic GBA deficiency to investigate the long-term consequences of 
compromised GBA function. We bred DAT-Cre with GBA-floxed mice to obtain selective 
homozygous disruption of glucocerebrosidase in midbrain dopamine neurons (DAT-GBA-KO), 
and analysed motor function, neuronal survival, alpha-synuclein phosphorylation and glial 
activation, in aged animals as well as in mice overexpressing the mutant (A53T) form of 
adenoviral-delivered human alpha-synuclein. Our results show that although DAT-GBA-KO 
mice display increased microglial activation in the substantia nigra, there is no 
neurodegeneration and alpha-synuclein pathology with respect to wild-type mice. This raises the 
question whether neuronal GBA deficiency is important for PD pathogenesis and suggests the 
involvement of GBA deficiency in other cell types as a potential mechanism. 
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Title: Aberrant adenosine A2A receptor signaling contributes to neurodegeneration and cognitive 
impairments in a mouse model of synucleinopathy 
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Abstract: Synucleinopathy is characterized by abnormal accumulation of misfolded α-synuclein 
(α-Syn)-positive cytoplasmic inclusions and by neurodegeneration and cognitive impairments, 
but the pathogenesis mechanism of synucleinopathy remains to be defined. Using a transmission 
model of synucleinopathy by intracerebral injection of preformed A53T α-Syn fibrils, we 
investigated whether aberrant adenosine A2A receptor (A2AR) signaling contributed to 
pathogenesis of synucleinopathy. We demonstrated that intra-hippocampal injection of 
preformed mutant α-Syn fibrils triggered a striking and selective induction of A2AR expression 
which was closely co-localized with pSer129 α-Syn-rich inclusions in neurons and glial cells of 
hippocampus. Importantly, by abolishing aberrant A2AR signaling triggered by mutant α-Syn, 
genetic deletion of A2ARs blunted a cascade of pathological events leading to synucleinopathy, 
including pSer129 α-Syn-rich and p62-positive aggregates, NF-κB activation and astrogliosis, 
apoptotic neuronal cell death and working memory deficits without affecting motor activity. 
These findings define α-Syn-triggered aberrant A2AR signaling as a critical pathogenesis 
mechanism of synucleinopathy with dual controls of cognition and neurodegeneration by 
modulating α-Syn aggregates. Thus, aberrant A2AR signaling represents a useful biomarker as 
well as a therapeutic target of synucleinopathy. 
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Abstract: Alpha-synuclein (α-syn) is the major component of Lewy bodies, histopathological 
hallmark of Parkinson’s disease (PD), and it is implicated in both sporadic and familial cases. 
Point mutations (A30P, E46K, A53T) as well as whole locus multiplications in the α-syn gene 
cause autosomal dominant PD (Hardy et al., 2006). In this study we investigated the effects of 
human wild type α-syn overexpression in the mouse nigrostriatal dopaminergic system using an 
adeno-associated viral vector (AAV) construct which uses the neuron-specific synapsin-1 
promoter. Adult mice (2 months old) received unilateral intranigral injection of either AAV2/7-
α-syn or AAV2/7-tomato (used as a control protein) and they were sacrificed 4 and 8 weeks after 
injection. Tyrosine hydroxylase (TH) immunostaining was used to investigate the number of TH-
positive neurons in the substantia nigra (SN), level of TH expression in the striatum and the 
number of dopaminergic axons in the medial forebrain bundle (MFB). In addition, TH-positive 
axons in the MFB were examined for signs of axonopathy, Including spheroids and 
fragmentation. At 4 weeks, experimental animals showed the presence of TH-positive axonal 
spheroids in the MFB while there was no decrease in the number of TH-positive neurons in the 
SN or TH-positive axons in the MFB. However, the level of TH expression in the dorso-lateral 
striatum was decreased. At 8 weeks α-syn overexpression induced a decrease in the number TH-
positive neurons in the posterior region of the SN, the levels of TH expression in the dorso-
lateral striatum and the number of TH-positive axons in the MFB. Axonal spheroids continued to 
be present in the MFB. The time course of changes observed in this mouse model of viral vector 
mediated human α-syn overexpression shows that an axonopathy is the first sign of pathology of 
the nigro-striatal dopaminergic system. This model will provide an opportunity to investigate the 
mechanisms involved in early axonal degeneration as well as new therapeutic approaches aimed 
to restore dopaminergic innervation. 
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Abstract: Emerging evidence suggests that in contrast to Lewy bodies, alpha-synuclein (α-syn) 
oligomers are the principle toxic species in Parkinson’s disease (PD). The concept of α-syn 
oligomers being transmitted from cell-to-cell in a prion-like manner is a subject of current debate 
and suitable in vivo models testing this hypothesis are largely missing. We have therefore 
generated two novel neuronal human α-syn overexpression mouse models in a tet-off-system 
inducible manner, based upon a reporter protein-fragment complementation assay. In our mouse 
lines, α-syn is fused to the N-terminal half of either human Gaussia Luciferase (S1) or venusYFP 
(V1S) and α-syn is fused to C-terminal half of human Gaussia luciferase (S2) or venusYFP 
(SV2). When α-syn starts to oligomerize, the reporter fragments will be in close proximity, 
complementing to an active enzyme or fluorescent protein. 
Our results indicate a successful α-syn oligomer formation in vivo and that a variety of different 
α-syn oligomer species are present in different mouse brain areas as demonstrated by western 
blot analysis, immunofluorescent staining, size-exclusion chromatography and subsequent 
luciferase measurements. 
Employing an inducible transgenic α-syn oligomer CaMKIIα mouse model allows spatial 
expression of α-syn oligomers restricted to specific brain regions. Thus spreading of viral 
particles in viral vector-mediated α-syn overexpression models or transmission of recombinant 
proteins due to blood stream transport in models of intracerebral inoculation of recombinant 
oligomers can be avoided. Neurons overexpressing the α-syn transgene under control of the 
CaMKIIα promoter transport α-syn to the pre-synaptic compartment. In contrast, neurons 
without CaMKIIα promoter activity lack pre-synaptic human α-syn oligomers but reveal only 
cytoplasmic aggregates of α-syn oligomers, indicating a neuron-to-neuron transmission of 
oligomers. Most importantly, spreading of α-syn-oligomers from neurons to other cell types in 
the brain like microglia or oligodendrocytes was also observed, possibly concomitant with 
secondary deleterious effects. 
The formation of α-syn oligomers in our mouse models is accompanied by changes in animal 



behavior in aged mice over 12 months of age. Significant motor deficits emerged as the major 
phenotype, regarding bradykinesia, fine motor coordination, balance and grip strength, analyzed 
by Pole-test, beam walking and accelerating RotaRod. 
In summary, our new inducible transgenic α-syn oligomer mouse model provides a suitable tool 
for studying α-syn oligomerization, spreading and toxicity in vivo. 
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Abstract: Mutations in the PTEN induced kinase 1 (PINK1) gene cause autosomal recessive 
Parkinson’s disease (PD). The main pathological hallmarks of PD are loss dopamine neurons in 
the substantia nigra pars compacta, which are required for normal movement, and the formation 
of alpha-synuclein rich aggregates termed Lewy body inclusions. Previous studies of PINK1 
knockout (KO) rats have reported mitochondrial dysfunction, behavioral deficits, loss of neurons 
in the substantia nigra and locus coeruleus, and alpha-synuclein aggregates in various brain 
regions. We sought to characterize PINK1 KO rats specifically with respect to alpha-synuclein 
pathology because spontaneous formation of alpha-synuclein aggregates (without alpha-
synuclein overexpression or injection) is a rare and important feature of PD animal models and 
because abnormal alpha-synuclein has been implicated both genetically and neuropathologically 
as a key mechanism of PD pathogenesis. Given PINK1’s proposed function in mitochondrial 
autophagy, we also investigated the abundance of key mitochondrial proteins in the brains of 
PINK1 KO rats. We observed alpha-synuclein-immunoreactive aggregates in various brain 
regions of PINK1 KO rats including cortex, thalamus, striatum and ventral midbrain, but 
nowhere in wild-type (WT) rats. Proteinase K treatment revealed protease-resistant alpha-
synuclein in the brains of PINK1 KO rats, however, the inclusions themselves were not 



proteinase K resistant. Co-imunofluorescence showed that the alpha-synuclein-immunoreactive 
aggregates are both ubiquitin immunoreactive and thioflavin S positive. We did not find any tau-
immunoreactive pathology or any differences between WT and KO rats in markers of 
neuroinflammation, such as GFAP and Iba1. Western analysis showed similar levels of key 
mitochondrial proteins in the brains of WT and PINK1 KO rats. Together, this data indicates that 
PINK1 deficiency can directly lead to abnormal alpha-synuclein aggregation in vivo. This 
suggests that alpha-synuclein aggregation may be directly involved in PD-related 
neurodegeneration caused by PINK1 mutations. 
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Abstract: Aims: 
To characterise and investigate targeted cell-type specific gene expression in a TH-bacTRAP 
transgenic mouse model. 
Methods: 
Early translational changes are examined specifically in dopaminergic neurons during 
Parkinson's disease (PD) in vivo by translating ribosome affinity purification (TRAP) in BAC-
transgenic mice. These mice express an eGFP-tagged ribosomal protein (eGFP-L10a) under the 
control of the cell-type specific promoter of tyrosine hydroxylase (TH) specifically in 
dopaminergic neurons. 
Transgene expression was characterized by native eGFP fluorescence and double 
immunohistochemistry for TH/GFP. Translated mRNAs have been immunoprecipitated from 
midbrains of homozygous TH-bacTRAP transgenic mice and littermate controls. The isolated 
mRNA has been analysed by qRT-PCR before performing gene expression profiling by 



RNAseq. 
Results: 
The molecular characterisation of TH-bacTRAP mice reveals expression of eGFP in TH+ 
dopaminergic neurons. Pilot affinity-purifications of eGFP-tagged ribosomes and bound mRNAs 
from this defined cell population has been performed. The analysis of immunoprecipitated 
mRNA vs. total RNA via qRT-PCR and RNA-Seq demonstrate the specific enrichment of 
dopaminergic markers in TH-bacTRAP mice after TRAP. 
Conclusion: 
We could show that high-quality RNA can be isolated specifically from dopaminergic neurons. 
Next, we will combine TRAP methodology with our mouse model of PD that overexpresses 
alpha-synuclein from the complete human SNCA locus. Comparing our PD model with healthy 
controls will allow us to investigate perturbations in the expression of translated genes early 
during disease progression. 
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Title: CRISPR-Cas9 mediated knock-out of Parkinson's disease related genes in that rat 
substantial nigra In vivo 
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Abstract: The ability to knock out a desired gene in a specific cell type enables direct probing of 
gene function. The newest class of nucleases, CRISPR (clustered regularly interspaced short 
palindromic repeats)/Cas9 system, can be used to introduce frame-shifting mutations to knock 



out a desired gene with high precision. It has been widely used in a variety of cells and 
microorganisms, but its application in mature neuronal tissue has been limited. We sought to 
investigate whether we could achieve efficient CRISPR/Cas9-mediated gene inactivation in vivo, 
specifically in dopaminergic neurons of the substantia nigra, the cells affected in Parkinson’s 
disease (PD). As a proof of concept, we selected to target tyrosine hydroxylase (TH), the rate 
limiting enzyme in the production of the neurotransmitter dopamine. We also targeted alpha-
synuclein (α-syn), vesicular transport protein 35 (VPS35) and EIF4G1, all of which are linked to 
familial forms of PD. We designed guide RNAs (gRNAs) against exon 1 and exon 2 of the TH 
gene and confirmed genomic DNA cleavage efficiency and reduction in protein levels in vitro in 
PC12 cells. We delivered the protein Cas9, together with the gRNAs as well as GFP as a 
transduction marker into the substantia nigra of 2 month old Sprague-Dawley rats using 
recombinant adeno-associated viral vectors (rAAVs). Immunostaining of brain sections revealed 
a robust decrease of TH protein expression in CRISPR/gRNA(TH) treated brains as compared to 
“unguided” control injected rats six weeks after surgery . Stereological quantification of TH 
immunoreactive neurons revealed a 48% reduction of TH expressing nigral neurons in the 
treated animals. These results validate the use of CRISPR technology in vivo in the nigrostriatal 
dopaminergic system in mature brains. Current experiments are focused to target the 
aforementioned PD-related genes: α-syn, VPS35 and EIF4G1 using a similar strategy. Upon 
project completion we will have a useful tool-box to interrogate gene function in nigral 
dopamine neurons in vivo while still in their native context 
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Abstract: The pathological hallmarks of Parkinson’s disease (PD) are Lewy bodies and 
neurodegeneration of dopamine (DA) neurons of the substantia nigra pars compacta (SNc). The 
protein alpha-synuclein (α-syn) is the primary component of Lewy bodies and mutations in the 
α-syn gene result in familial forms of PD. Moreover, overexpression of α-syn results in 
aggregation and neurodegeneration. Consequently, the predominant hypothesis in PD posits that 
α-syn aggregates, or the process of aggregation, is a directly toxic event in PD pathology. The 
positive association between α-syn aggregation and PD progression has made α-syn a prevalent 
target for therapeutic strategies aimed at decreasing α-syn from affected neurons. However, work 
from our lab and others has demonstrated that removal of α-syn in mature DA neurons of mice, 
rats, and non-human primates result in dose-dependent and progressive neurodegeneration. 
Furthermore, this cell loss can be rescued by supplementation of α-syn. These results 
demonstrate that α-syn is essential for the survival of mature DA neurons. This is in stark 
contrast to the germline α-syn knockout, which does not show any overt neurodegeneration. To 
better study the consequences following α-syn removal in mature neurons in vivo we generated a 
conditional knockout mouse. Mice were engineered to have Exons 1-2 of the α-syn gene flanked 
by loxP sites. Successful insertion of LoxP sites was confirmed via genomic analysis and 
sequencing. Importantly, the inclusion of a LoxP site in the 5’UTR of the SNCA gene did not 
influence α-syn expression as confirmed via Western blot. Finally, we confirmed that expression 
of CRE recombinase (iCRE) excises the floxed genomic region, eliminating α-syn protein 
expression. To provide spatio-temporal control of α-syn removal, we utilized recombinant 
adeno-associated virus (rAAV) to deliver iCRE to the SNc. The integrity of the nigrostriatal 
system will be assessed at 1, 2, 4 and 6 months post-surgery via behavioral analysis. SNc neuron 
loss will be quantified using stereological cell counting of tyrosine hydroxylase and NeuN 
positive cells, and levels of striatal DA will be quantified using HPLC. We predict that a 
complete loss of α-syn (homozygous floxed) will result in more severe neurodegeneration and 
motor phenotype than partial loss of α-syn (heterozygous floxed). Once validated, this new 
model will provide a foundation for investigations into the physiological function of α-syn 
without the potential confounds that may occur due to genetic compensations following α-syn 
removal during development. Importantly, this model will also be valuable when investigating 
the role of α-syn in PD etiology. 
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Abstract: Understanding early, and therefore often subtle, disease processes in Parkinson's 
disease (PD) is essential for the development of disease modifying cures. But in patients, and in 
many PD animal models, measurable neurological symptoms typically occur at disease stages in 
which neuronal injury and loss has already progressed beyond repair. To investigate if measures 
of metabolite changes can help detect early disease processes, and thus open the way to 
biomarker and/or target identification, we investigated metabolic profiles in the brain of various 
genetic and induced PD models. Different aspects and disease stages of PD can be modeled in 
rodents by genetic (transgenic, knock-in or -out) of PD-associated genes, or by inducing 
spreading of misfolded alpha-synuclein (aSyn) through administration of an aSyn seeding 
source. We analyzed genetic models (LRRK1 knockin, SNCA transgenic, DJ-1 knockout, and 
crosses thereof) and induced models (spreading of aSyn induced by intrastriatal injection of 
recombinant aSyn fibrils in mice, or by intravagal injection of a construct expressing human 
aSyn in rats). We investigated metabolic profiles in brain extracts of these models using a Gas-
Chromatography/Mass-Spectrometry platform, and compared them with behavioral and 
neuropathological measures. We analyzed changes in individual metabolites, as well as, using 
Principal Component Analysis or supervised machine learning, shifts in metabolite populations 
and the known cellular pathways they are associated with. By analyzing the brains of these 
models at different ages or disease stages, we drew out metabolic shifts that coincided with 
subtle, early motor disturbances (genetic models), and were, for the most part, independent of 
neuropathological changes such as the presence of aSyn aggregates, and overt neurodegeneration 
(induced models). Some metabolites, many them still unknown, correlated with motor 
performance in genetic models. Thus, by applying metabolic profiling in PD rodent models, we 
identified novel disease stage-related changes in metabolites, and these observations could pave 
the way for a better understanding of early PD disease processes. 
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Abstract: Animal models of Parkinson’s disease (PD) are critical to the development of novel 
therapeutics. While there are a wide variety of existing mouse models of PD, none are ideal for 
therapy development projects, many are not available for for-profit use, and there has been no 
rigorous comparison of their molecular and phenotypic characteristics. The overall goals of this 
effort are to develop, characterize, and make available animal models of PD for both basic 
research and therapy development. The existing repository collection includes transgenic models 
over-expressing human SNCA with the E46K, A53T, or A30P patient mutations as well as a 
GBA knock-in D409V allele. By combining a transgenic model over-expressing wild-type human 
SNCA with the GBA mutant, we expect to exacerbate SNCA-driven pathology and related 
phenotypes; characterization of aged cohorts is in process. LRRK2 knock-in models express the 
T1348N, D1994A, or A2016T mutations. Transgenic models over-express human LRRK2 with 
the R1441G, R1441C, G2019S, Y1699C mutations. The repository also makes available mouse 
strains useful for research such as those expressing GFP, Cre, tTA and optogenetic proteins. 
Here, we specifically focus on the comparison of transgenic SNCA and LRRK2 models in order 
to better inform the community as to which models are more appropriate for a specific purpose. 
Transgenic SNCA message and protein levels in striatum and cortex are being assayed in cohorts 
at 4, 8 and 12 months of age, and LRRK2 levels are being assayed at a single age. All 
information will be made freely available via publication and the web. We continue to seek novel 
models of PD. For further information see https://www.jax.org/parkinsons. 
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Abstract: Abnormal β-amyloid (Aβ) accumulation is implicated in Alzheimer’s disease (AD) 
pathogenesis and may partly underlie structural and diffusion abnormalities detected using MRI. 
However, a direct relationship between Aβ accumulation, particularly the toxic Aβ42 fragment, 
and imaging-based pathologies remains difficult to establish. Imaging mutant mouse strains bred 
to selectively overproduce toxic Aβ (Bri2- Aβ42 mouse) could offer important insight in this 
regard. In the present study, we assessed multiple structural features of Bri2- Aβ42 mice and age 
and sex matched wildtype (wt) controls. In order to assess in vivo interactions between Aβ42 
overproduction and neuroinflammation, diffusion images were processed for free water (FW) 
signal. Diffusion images, fluid attenuation inversion recovery (FLAIR) and T2 weighted images 
were collected at 11.1 Tesla. The following scan parameters were used: (1) FLAIR image 
resolution: 0.10 x 0.10 x 0.75 mm3, TR/TI/TE = 5000/1500/12 ms, (2) T2-weighted image 
resolution: 0.10 x 0.10 x 0.75 mm3, TR/TE = 2000/32.5 ms, and (3) diffusion weighted images 
image resolution: 0.15 x 0.15 x 0.75 mm3, TR/TE = 3000/25.9 ms, 30 directions with b = 1000 
s/mm2, and one b = 0. In our preliminary analyses, images were co-registered using FMRIB 
software library’s linear registration tool (flirt). T2 images were used to estimate ventricular 
volumes, FLAIR scans were used to assess tissue hyperintensities, and diffusion scans were 
processed for FW, fractional anisotropy (FA) and mean diffusivity (MD). T2 scans showed a 
much larger ventricular size in Bri2-Aβ42 mice compared to wt. FLAIR images revealed 
hyperintensities surrounding and inside ventricles in Bri2-Aβ42 mice. Diffusion MRI showed a 
decrease in FW index in Bri2-Aβ42 (0.26 ± 0.04) compared to wt mice, as well as a larger FA 
values in Bri42-Aβ42. No differences were observed in MD. The reported effects were observed 
in whole brain aged (>14 month old) mice and at the moment we are carrying out atlas based 
ROI analysis and analyzing effects of age (<8 month) and sex. Our present preliminary results 
provide evidence that Aβ42 production results in structural abnormalities such as enlarged 



ventricles with surrounding hyperintensities. In addition, a potential link to neuroinflammation is 
supported by greater FW in Bri2-Aβ42 than in wt mice. In addition to translating results in 
animal models of toxic Aβ42 to understand mechanisms underlying MRI findings in AD 
subjects, these biomarkers are expected to offer a powerful approach for determine in vivo 
therapeutic efficacy. 
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Abstract: Clinical diagnosis of Parkinson’s disease (PD) correlates to the topographic extent and 
severity of the Lewy pathology. Lewy pathology first appears in the peripheral nervous system 
(PNS) and the lower regions of the central nervous system (CNS), long before the typical motor 
symptoms of PD are evident. We previously reported that alpha synuclein (a-syn) and its 
aggregated forms, the key protein component in the Lewy pathology, could rapidly be 
transported from the intestine to the dorsal motor nucleus of the vagus of the medulla oblongata 
in rats. However, it is not clear whether the propagated a-syn can induce a-syn aggregation of the 
recipient neurons via a seeding effect after long distance transport from the peripheral tissues. 
Here, we report the propagation and seeding effects of exogenous a-syn species over a long time 
period in vivo in a-syn-overexpression or normal conditions. We injected recombinant human a-
syn fibrils or brain lysates of a PD patient into the small intestinal wall of 2 months old C57/Bl6 
mice or Bacterial Artificial Chromosome (BAC) transgenic PD mouse model overexpressing 
human a-syn fused to green fluorescent protein (GFP) under control of the mouse a-syn 
promoter. 
Our preliminary data indicate that different a-syn species injected into the intestinal wall were 
transported over a long distance up to the brain. We observed elevated level of a-syn 



accumulation at different levels of the brain in the a-syn injected BAC-a-syn-GFP animals (16 
weeks after injection). Very interestingly, open field behavioral tests reveal a significant 
reduction in spontaneous locomotor activity after amphetamine administration in 10 months old 
C57/Bl6 as well as BAC-a-Syn-GFP mice (28 weeks after the injection) compared to the mice 
that received PBS injection. More detailed analyses on the changes in morphology, protein 
chemistry and behaviors are ongoing. 
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Abstract: Parkinson’s disease (PD) is a chronic and progressive neurodegenerative disease 
affecting ~1% of people over the age of 65 years. A hallmark feature of PD is the presence of 
Lewy bodies (LBs) in surviving nigrostriatal dopamine neurons that are primarily composed of 
the presynaptic protein, alpha-synuclein (αSyn). While the exact cause of PD is unclear, studies 
indicate that a combination of genetic and environmental factors contribute to the 
neuropathology of PD. αSyn which is recognized as having a main role in neurotransmitter 
release, was first implicated in PD when point mutations and multiplication of the αSyn (SNCA) 
gene were linked to familial PD. Despite these findings, 90% of PD cases are idiopathic which 
have led to investigations of human wildtype αSyn transgenic mouse models of PD. Similar to 
mutant αSyn, wildtype αSyn localizes in the LB perimeter. The overexpression of αSyn leads to 
neurotoxicity in several cell lines and motor deficits resembling a parkinsonian phenotype that 
are responsive to L-dopa treatment in animals. The neurotoxicity of αSyn is believed to arise 



through the formation of toxic oligomers. Under conditions of oxidative stress, natively folded 
αSyn can be driven to oligomer formation in the presence of toxic aldehydes. The dopamine 
metabolite, 3,4-dihydroxyphenylacetaldehyde, and the lipid peroxidation end product, 4-
hydroxynonenal, are elevated in the PD brain and reported to promote aSyn oligomerization. In 
addition, reduced expression or polymorphisms in genes coding for the two enzymes primarily 
responsible for the detoxification of aldehydes in dopamine neurons, aldehyde dehydrogenase 
(ALDH)1a1 and ALDH2, are also implicated in PD. We previously reported that Aldh1a1-/-x 
Aldh2-/- knockout mice exhibit neuropathological manifestations of PD, including elevated 
biogenic aldehydes, motor deficits that are ameliorated by L-dopa, and the loss of TH-
immunoreactive neurons. The current study tests the hypothesis that αSyn is mechanistically 
related to the manifestations of PD that result from elevated biogenic aldehydes. To test this 
hypothesis, we generated mice that are null for both Aldh1a1 and Aldh2 and that overexpress 
human wildtype αSyn. Motor function was measured by examining performance on the 
accelerated rotarod and by gait analysis, and measures of grip strength. The results show that 
mice with elevated biogenic aldehydes, in the presence of overexpressed human wild-type aSyn, 
have more severe motor deficits as compared to mice that only overexpress aSyn. These data are 
consistent with the idea that elevated biogenic aldehydes impair motor function through 
mechanisms involving aSyn. 
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Abstract: Synucleinopathies comprises of neurodegenerative disease the harbor alpha synuclein 
pathology and associated with Parkinson’s disease, Lewy body dementia, and multiple system 
atrophy. Pathways the govern inflammation and the by products generated play a pivotal role in 
disease outcomes. We find that arginase 1 overexpression using adeno associated virus (AAV9) 
in models of tauopathies reduce many aspects of the tau phenotype. Herein, we overexpressed 
arginase 1 (Arg1) via AAV9 in the CNS of alpha synuclein (α-syn) transgenic mice harboring 
the human α-syn A53T mutant (tetO-SNCAA53T) under the control of a tetracycline (tet) 
responsive element and driven by Camk2a. Mice express α-syn in the forebrain and 
hippocampus mimicking a lewy body dementia model. At 4 months α-syn mice and non-
transgenic littermates received an injection of AAV9-Arg1 or AAV9-GFP in the hippocampus 
and anterior cortex. Mice were allowed to survive for duration of 8 months and received battery 
of cognitive test and affective processing test. We found significant behavioral deficits in α-syn 
mice compared to non-transgenic littermates consisting of spatial working memory, fear 
associated memory, affective processing, anxiety measures, and compulsion. Arg1 expression 
reversed some but not all the behavioral deficits in α-syn mice compared to GFP controls. 
Additionally, Arg1 significantly reduced inflammation and several forms of α-syn including total 
α-syn and phospho S129, and Tyr136. Several synaptic markers increased in α-syn mice treated 
with Arg1 compared to AAV9-GFP. Arg1 reduced total arginine content while increasing 
orthinine in Arg1 treated mice in both genotypes. All together, these data reveal a potential 
therapeutic pathway associated with arginine metabolism and synucleinopathies. Additionally, 
arginine metabolism may serve as a novel target to treat a wide array of neurodegenerative 
disorders. 
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Abstract: Glucocerebrosidase (GBA) is a lysosome hydrolase encoded by GBA1 gene, a newly 
identified susceptibility gene associated with Parkinson’s disease (PD) and Lewy body 



disease(LBD), with GBA protein identified as one important component of Lewy bodies. 
Homozygous mutations in GBA1cause Gaucher disease, the most prevalent lysosome storage 
disease, and heterozygous mutations in GBA1 constitute the most frequent risk factors for PD. 
Emerging evidence has linked GBA mutations to cognitive dysfunction in PD, but the precise 
mechanisms whereby GBA mutations mediate cognitive dysfunction remain unclear. This study 
is designed to explore the role of GBA1 gene mutations in hippocampal associated learning and 
memory using GBA1 L444P heterozygous mutant mice as well as CamKCre mediated neuronal 
specific GBA1 conditional knockout mouse model. We have found that both GBA1 mutant and 
GBA1 conditional KO mice show significant deficits in working memory in a Morris Water 
Maze test and in feared conditions. Our study indicates that GBA1 gene deficiency may 
contribute to cognitive impairment in PD patients. 
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Title: A novel, progressive, endogenous synucleinopathy model of Parkinson disease in rats 
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Abstract: One of the greatest obstacles in developing effective neuroprotective therapeutics for 
Parkinson disease (PD) is lack of a predictive preclinical research model that replicates the 
human disease with fidelity. We now report a new rat model in which brief pesticide exposure 
causes progressive accumulation and aggregation of endogenous α-synuclein, culminating in a 
delayed and progressive behavioral and pathological parkinsonian phenotype over a period of 
months. Lewis rats (6-9 months old) received baseline behavioral testing and then were treated 



with rotenone (i.p.) once daily for 5 days only. During treatment, rats became mildly 
parkinsonian, but there was no morbidity or mortality. All rats recovered to their behavioral 
baseline over the succeeding week. They remained behaviorally normal until about 3 months, at 
which point all rats began to show mild progressive parkinsonian symptoms, including postural 
instability and bradykinesia. From onset, symptoms progressed over 3-4 months and stabilized 
thereafter. Pathological studies indicate that during the quiescent latent period before symptom 
onset, nigrostriatal neurons accumulate α-synuclein, which becomes progressively consolidated 
into inclusions by 3 months. The accumulation of α-synuclein is accompanied by progressive 
microglial activation - and many microglia also contain intracellular α-synuclein, apparently 
derived from nigral neurons. By the time of symptom onset, there is loss of nigrostriatal 
dopamine neurons, which continues to progress over a period of months. By 9 months, there is α-
synuclein accumulation in other brain regions, including in the cortex, and there are legitimate 
Lewy bodies in some remaining nigral neurons. These results indicate that a remote 
environmental exposure has the potential to set in motion a pathological cascade that results, 
after a long latent period in parkinsonism. The model has many advantages over conventional 
models, including the fact that (i) it is a spontaneously progressive endogenous synucleinopathy, 
and (ii) potential disease-modifying treatments can be started at symptom onset, which is 
analogous to current clinical practice. 
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Abstract: Parkinson’s disease (PD) is the second most common neurodegenerative disease of 
which the primary risk factor is age, wherein the majority of clinical diagnoses occur between 
the ages of 55 and 65. Recent research has focused on the role of microglia in the generation and 
propagation of pro-inflammatory responses which are believed to be an important factor in PD 
related dopaminergic cell death. The prevailing hypothesis postulates that cumulative insults to 
the brain and immune system over many years on a background of genetic susceptibility results 
in dopaminergic degeneration. One such genetic vulnerability is the Leucine Rich Repeat Kinase 
(LRRK2) G2019S mutation. LRRK2 is the most commonly mutated PD related gene and is 
implicated in nearly 10% of familial and 1% of sporadic PD cases and recent evidence strongly 
suggests that LRRK2 is highly expressed in microglia. While several genetic and environmental 
insults have been tested in conjunction with LRRK2 relatively little in vivo work has been done. 
One previously untested environmental factor thought to contribute to the development of PD is 
paraquat, a herbicide which when metabolized produces intracellular oxidative stress, thereby 
contributing to the chronic neuroinflammation found in PD patients. In this current study we 
sought to determine whether the LRRK2 G2019S mutation interacted with age or a sub-chronic 
paraquat injection regime to produce Parkinsonian symptoms and neuropathology. Aged animals 
demonstrated a variable reaction to the paraquat including significant motor and weight 
decreases, however, the G2019S mutation did not appear to produce or enhance any behavioral 
deficits. Analyzing neuropathological hallmarks of PD we found that paraquat induced age-
related alterations in inflammatory states but that the G2019S mutation did not interact with 
these findings. Overall while age and paraquat seem to induce neuroinflammatory reactions and 
dopaminergic cell loss, LRRK2 G2019S overexpression does not appear to modulate these 
effects. 
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Abstract: Aggregation of mis-folded proteins is a feature common to many neurodegenerative 
diseases. Parkinson’s disease is a progressive movement disorder which is characterized 
neuropathologically by the presence of intraneuronal Lewy bodies and Lewy neurites. Alpha 
synuclein is a highly soluble pre-synaptic protein that is implicated in vesicular trafficking. Mis-
folded and aggregated α synuclein (fibrillar α synuclein) is a major component of both Lewy 
bodies and Lewy neurites. Experimental studies have demonstrated that cerebral injection of 
brain lysates from α synuclein aggegrate bearing transgenic mice into pre-symptomatic young 
transgenic mice accelerates formation of α synuclein pathology (Luk, K.C. et al., 2012). A 
growing body of evidence has emerged demonstrating that synthetic α synuclein fibrils (both 
human and murine) are capable of ‘seeding’ and propagating α synuclein pathology not only in α 
synuclein transgenic mouse models but importantly in non-transgenic (WT) neuronal cultures 
and mice (Luk, K.C. et al., 2012a ; Luk, K.C. et al., 2012b; Volpicelli-Daley, L.A. et al., 2014). 
PsychoGenics has extensive experience working with both human and murine synthetic alpha 
synuclein fibrils in a variety of murine neurodegenerative disease models. Stereotaxic 
administration of 5µg of murine pre-formed fibrils (Proteos Inc.) is sufficient to induce a 
progressive α synuclein pathology, reduced dopamine levels and motor deficits in murine models 
(Martinez, T. et al., SFN 2014). As a continuation of our previous study sponsored by the 
Michael J Fox Foundation, PsychoGenics has expanded the study in WT mice as well as other 
murine models to assess the behavioral and pathological consequences of α synuclein 
propagation and aggregation. 
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Abstract: N-acyl-phosphatidylethanolamines (NAPEs) are membrane phospholipids present in 
the brain and other tissues. They are cleaved by a selective phospholipase D (NAPE-PLD) to 
form bioactive fatty acyl ethanolamides (FAEs) such as the endocannabinoid anandamide (Ueda, 
2010). NAPEs have been primarily studied for their role as FAE precursors, but their multiple 
effects are suggestive of independent signaling functions. For example, NAPEs organize 
amphitropic cell division proteins at specific sites on the membrane surface, and help terminate 
inflammation by reducing phagocytosis (Coulon, 2011). It is known that NAPE levels increase 
following brain injury (Moesgaard, 2000). 
Parkinson’s Disease (PD) is a chronic neurodegenerative disorder characterized by emotional, 
cognitive and motor symptoms. Its primary neural substrate is the progressive loss of 
dopaminergic neurons in the substantia nigra pars compacta, accompanied by intraneuronal 
inclusions termed Lewy bodies. The etiology of PD is unclear. Nevertheless, there is evidence 
that chronic neuroinflammation plays a central role. 
To investigate the possible contribution of NAPEs to PD we injected the neurotoxin 6-OHDA (6-
hydroxy-dopamine) in the caudate putamen of C57BL6/J mice. Control animals were given only 
vehicle (ascorbic acid-saline). 48 h after 6-OHDA injection the mice were killed and brain tissue 
was processed for lipid analysis. A significant upregulation of NAPEs was observed in the 
striatum of 6-OHDA mice, compared to controls. 
We also examined the effects of 6-OHDA on NAPE production in the human neuroblastoma SH-
SY5Y cell line. Cells were treated with 6-OHDA (100 µM) and harvested at different time points 
after treatment. NAPE levels were increased 6h after treatment. Consistent with this effect, qPCR 
and protein analyses revealed a reduction in NAPE-PLD mRNA and protein starting from 2h and 
4h after treatment, respectively. 
The results suggest that NAPE accumulation may be increased during the early stages of PD. 
Further studies are needed to fully test this hypothesis and determine the function of 
endogenously produced NAPEs in the pathogenesis of PD and other forms of 
neuroinflammation. 
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Abstract: The LRRK2 mutation is the most common genetic cause of Parkinson’s disease (PD). 
Despite this, no study to date has investigated its impact on network-level neural activity. Recent 
data from Beccano-Kelly et al. (2014) suggest that LRRK2 knock-in mice exhibit an increase in 
glutamatergic release in cortical neurons. Such changes could significantly alter cortico-thalamic 
networks and enhance oscillatory activity produced by cortico-thalamic interactions. 
Objective: We hypothesized that sleep-spindle oscillations are enhanced in LRRK2 knock-in 
mice. To investigate this question, we compared ripple and spindle activity recorded from 
LRRK2 knock-in and wild-type mice. Methods: 5 LRRK2 G2019S and 9 WT C57bl/6 male 
mice (The Jackson Laboratory) were implanted with depth electrodes and surface EEG 
electrodes. Depth electrodes were implanted into the motor cortex (M1), anterior cingulate cortex 
(ACC), hippocampus and striatum. Surface electrodes were implanted above somatosensory (S1) 
and visual cortex (V1). We recorded neural activity during sleep periods preceding and following 
an open-field foraging task and novel object exposure. Activity was recorded at 20kHz and 
down-sampled to 2kHz. We filtered for spindle activity (9-16Hz) that exceeded 2.5 std above the 
mean power and ripple activity (80-180Hz) that exceeded 5.5 std above the mean power. 
Results: LRRK2 mice expressed a significant increase in the power of both early and late peak 
spindle frequency (dB/Hz) relative to controls (p < 0.05, Student’s t-test) in all cortical regions 
(M1, ACC, S1, and V1). In contrast, no difference in the distributions of peak spindle 
frequencies and durations was observed between LRRK2 and wild-type mice. Moreover, 
preliminary results from our analysis indicate that ripple-to-ripple variance in the power of each 
ripple event is reduced in LRRK2 relative to WT mice (p < 0.05, Student’s t-test). Conclusions: 
Our results support the conclusion that the LRRK2 G2019S mutation results in lasting alterations 
in two sleep-associated patterns of neural activity that are linked to memory consolidation. 
Because cortical sleep spindles and ripple oscillations are highly preserved across species, these 
alterations could serve as a diagnostic biomarker for LRRK2 PD.  
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Abstract: Parkinson's disease (PD) is a disorder resulted by degeneration of dopaminergic 
neurons. The common symptoms of the disease are: resting tremor, rigidity, and hypokinesia, 
with onset asymmetrical. At the moment there is no cure. Ageing remains the biggest risk factor 
for developing idiopathic PD. Recent studies have already demonstrated the neuroprotective 
effects of Palmitoylethanolamide (PEA), alone or in combination with antioxidants, in an 
experimental model of PD after 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) 
induction. 
The aim of the present study was to evaluate the pretreatment effect of micronized PEA 
formulation (PEA-m), on the neuroinflammation process and on the neuronal death on in vivo 
model of PD on aged mice. The old animals were pretreated for 60 days with PEA-m at dose of 
10mg/kg. After pretreatment, they received four injections of the dopaminergic neurotoxin 
MPTP and were sacrificed 7 days after induction. On the 8th days, brains were processed for 
histological and immunohistochemical analysis. Pretreatment with PEA-m significantly 
ameliorated behavioral deficits, reduced the expression of specific markers of PD such as 
tyrosine hydroxylase (TH), dopamine transporter (DAT), as well as decreased the upregulation 
of α -synuclein and β-tubulin in the substantia nigra after MPTP induction. In addition, the strong 
increase in neuroinflammation, detected by GFAP, Iba-1, TNF-α, IL-1β expression and the 
neurotrophic factors levels such as BDNF and NGF were evaluated. 
In conclusion, we demonstrated that the pretreatment with PEA-m in aged mice was able to 
ameliorate the development of PD disease. Thus, this strategy could prevent neurodegenerative 
diseases associated to the old age. 



Disclosures:  R. Crupi: None. M. Campolo: None. R. Siracusa: None. D. Impellizzeri: 
None. M. Cordaro: None. G. Casili: None. E. Esposito: None. S. Cuzzocrea: None. 

Poster 

699. Rodent Models of Parkinson's Disease and Related Disorders 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 699.09/V13 

Topic: C.03. Parkinson’s Disease 

Support: NIH-N5074730 

Title: Induction of alpha-synuclein pathology by neonatal delivery of adeno-associated virus. 

Authors: *M. DELENCLOS1, A. KURTI1, M. YUE1, J. D. FRYER1,2, P. J. MCLEAN1,2;  
1Mayo Clin., Jacksonville, FL; 2Mayo Grad. School, Mayo Col. of Med., Jacksonville, FL 

Abstract: Abnormal accumulation of alpha synuclein (α-syn) is a pathological hallmark of Lewy 
body related disorders such as Parkinson’s disease (PD) and Dementia with Lewy body disease 
(DLB). Over the years myriad of animal models have been developed to mimic pathological 
features of synucleinopathies by over-expressing human α-syn under a variety of promoters. 
Although different strategies have been used, most models have little or no reliable and 
predictive phenotype. Novel animal models are a valuable tool for understanding neuronal 
pathology and to facilitate development of new therapeutics for these diseases. Here, we report 
the development and characterization of a novel model in which mice express wild-type α-syn 
via somatic brain transgenesis mediated by adeno-associated virus (AAV). After 1, 3, and 6 
months of age following intracerebroventricular (ICV) injection, mice were subjected to a 
battery of behavioral tests followed by pathological analyses of the brains. Remarkably, 
significant levels of αsyn expression are detected throughout the brain as early as 1 month old 
including olfactory bulb, hippocampus, striatum, and cerebellum. Immunostaining with a 
phospho-αsyn (p-αsyn) specific antibody reveals abundant p-αsyn expression and pathologic α-
syn is detected using the disease specific antibody 5G4. However, no abnormal behavior or 
motor dysfunction could be observed in the 3 months of age group when performing rotarod, 
beam walk and pole test. Longer cohorts and behavioral tests for motor performance and 
memory tasks are still ongoing. We predict that whole brain transduction of neonatal mouse will 
recapitulate pathological, neurochemical, and behavioral features of Lewy body disorders by 6 
months. 
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Title: Progressive loss of dopamine function in a primate model of Parkinson disease 
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Abstract: Objective: Parkinson disease (PD) is a progressive neurological disease involving 
loss of nigrostriatal neurons in the substantia nigra (SN). Unilateral internal carotid delivery of a 
single dose of MPTP produces nigrostriatal damage but the time-course of this injury remains to 
be determined. This study was designed to measure the time-dependent change in the 
nigrostriatal dopamine system in this primate model of PD. Methods: Fifteen macaques had 
baseline MRI and PET to assess presynaptic dopaminergic nigrostriatal neurons: 6-
[18F]fluorodopa (FD; primarily reflects decarboxylase activity), [11C]dihydrotetrabenazine 
(DTBZ; reflects vesicular monoamine transporter type 2 [VMAT2]), and 2beta-
[11C]carbomethoxy-3beta-(4-fluorophenyl)tropane (CFT; reflects membranous dopamine 
transporter [DAT]), then received a single dose of unilateral intracarotid 0.25mg/kg of MPTP. 
PETs were repeated after 10, 21, 30, 60 days. Animals were trained to perform several 
behavioral tasks to assess motor abilities, and ratings were done before and after MPTP. The 
animals were euthanized at different time points for measurements of striatal AADC enzymatic 
activities, striatal dopamine concentration and unbiased stereological counts of tyrosine 
hydroxylase (TH)-immunoreactive (ir) neurons in SN. The influx constant (Kocc) for FD and non-



displaceable binding potentials (BPND) for CFT and DTBZ were calculated for the caudate and 
putamen using an occipital reference region. Results: Motor parkinsonism increased at 10 days 
and reached maximum at 21 days then remained stable until euthanasia (Skillings-Mack test: p = 
0.02, n = 18). The striatal PET measures decreased over time (Skillings-Mack test: p = 0.02, n = 
16; p = 0.007, n = 16; p = 0.03, n = 16; for FD Kocc , CFT BPND and DTBZ BPND, respectively). 
Conclusions: Taken together these results demonstrate a time-dependent change in vivo 
measures of striatal dopaminergic function from a single dose of MPTP. These results indicate 
the importance of considering these time-dependent changes in studies of biomarkers reflecting 
nigrostriatal function or interventions to alter nigrostriatal injury. 
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Abstract: NAAA is lysosomal cysteine hydrolase that catalyses the biodegradation of 
palmitoylethanolamide (PEA) and oleoylethanolamide (OEA) (Tsuboi et al., 2005; Ueda et al., 
2010), two endogenous lipid amides that suppress inflammation by activating the ligand-
operated transcription factor, peroxisome proliferator-activated receptor-α (PPAR-α) (Pontis et 
al., 2016). Resident macrophages and other host-defense cells constitutively generate PEA and 
OEA in amounts that are sufficient to fully engage PPAR-α (Piomelli and Sasso, 2014). This 
process is halted during inflammation, however, leading to a decrease in PPAR-α-mediated 
signaling and an acceleration of the inflammatory response (Bandiera et al., 2014). Accordingly, 
small-molecule NAAA inhibitors restore normal PEA and OEA levels in inflamed tissues and 
exert profound anti-inflammatory effects in animal models, pointing to NAAA as a potential 
target for therapy (Bandiera et al., 2014). Even though NAAA may offer a new target for anti-
inflammatory therapy, the lipid-like structures and reactive warheads of current NAAA inhibitors 



limit the use of these agents as oral drugs. Here, we describe a series of novel benzothiazole-
piperazine derivatives that inhibit NAAA in a potent and selective manner via a non-covalent 
mechanism. In vitro and in vivo experiments indicate that a representative member of this class, 
ARN19702, is potent, selective for NAAA, and orally available. ARN19702 crosses the blood-
brain barrier and elevates PEA and OEA levels in the CNS. Based on the promising in vivo 
profile of this compound, we tested the effect of ARN19702 treatment in the 6OHDA mouse 
model of Parkinson’s disease (PD): a 21-day treatment with ARN19702 (30 mg-kg-1, twice 
daily, i.p.) elicited a a marked protective effects, preventing the behavioral and 
neurodegenerative effects of 6-OHDA injections. In conclusion, the compound ARN19702 
exemplifies a second generation of non-covalent NAAA inhibitors that may be useful in the 
treatment of PD and other chronic CNS disorders. 
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Abstract: Nearly one in six individuals will develop a neurodegenerative disorder in their 
lifetime, according to the WHO. Olfactory dysfunction may serve as an early indicator of neural 
decline and progression in several disorders, including Alzheimer’s and Parkinson’s disease. 
Additionally, there is evidence that mitochondrial dysfunction plays a role in the progression of 
such neurological disorders. We aimed to model neurodegeneration in Drosophila using the 
Gal4-UAS system to express a mitochondrially-targeted restriction enzyme to cleave mtDNA in 
olfactory receptor neurons. To confirm the efficacy of this model we first expressed the 
mitochondrially-targeted restriction enzyme in the progenitor germline cells, alone, and in 
combination with Spargel, a gene that upregulates mitochondrial biogenesis. Flies 
overexpressing the restriction enzyme against mtDNA in their germlines had extremely low 
fertility compared to those of the various control crosses. Flies expressing both the mitochondrial 
restriction enzyme and Spargel constructs showed intermediate levels of fertility relative to the 
controls. This suggests that increased mitochondria biogenesis can rescue the cellular and tissue 
defects associated with linearized mtDNA. We sought to apply this system in an olfactory 
paradigm by screening for differences in chemotactic response to apple cider vinegar and 
ethanol. Using four olfactory Gal4 drivers, we identified a target Gal4 line for which expression 
of the mtDNA restriction enzyme significantly altered the preference of flies for ethanol, in both 
males and females, when compared to a expression of a GFP control. These findings serve as the 
foundation for future work dissecting the role of mitochondria in neurological health and decline 
via manipulation of mitochondrial turnover dynamics that may enhance existing 
neurodegenerative treatments. 
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Abstract: Multiple system atrophy (MSA) is a synucleinopathy in which alpha synuclein 
preferentially aggregates in oligodendroglia. To date, only murine models of MSA exist for the 
study of this disease. Towards this end, we sought to develop novel rat and nonhuman primate 
models of MSA by overexpressing alpha synuclein in oligodendroglia cells using a novel 
oligotrophic adeno-associated virus (AAV). vector where expression was driven by a CBA 
promoter. Initially, rats received unilateral injections of this novel AAV–CBA-GFP vector 
(AAV-Oligo-GFP) stereotaxically in the striatum. After 3-months, rodents were sacrificed and 
histological methods were used to assess the specificity of the viral vector. Our data shows 
30,000-35,000 GFP-positive cells in the striatum, with 94-97% of the GFP-positive cells co-
localizing with oligodendroglial marker Olig2. There was little or no co-expression in NeuN 
(2.9-4.7%) or GFAP (0.18-0.49%)-positive cells. We next sought to test the efficacy of this 
vector in nonhuman primates. Three rhesus macaques received intrastriatal injections of AAV-
Oligo-GFP (1x10^13 vg/mL) unilaterally (3 in the putamen and 2 injections in the caudate 
nucleus). The animals were sacrificed after 1 month and analyzed using histological and 
stereological methods. As in the rodents, stereological estimates of transfected profiles revealed a 
large number of striatal cells expressing GFP (monkey 1: 639,877; monkey 2: 630,520; monkey 
3: 161,948) in the striatum. Additionally, 90-94% of the GFP expressing cells co-localized with 
Olig2, with sparse co-localization with either NeuN (0.23-1.42%) or GFAP (0.09-0.12%). 
Finally, we recently injected three monkeys into the striatum as before, with the vector 
expressing the alpha synuclein transgene (AAV-Oligo-α-syn). Histological analyses in all 
monkeys 3 months after injection demonstrated wide spread monomeric and aggregated alpha 
synuclein expression as determined by LB509 and serine 129 alpha synuclein immunoreactivity. 
This expression was preferentially seen in oligodendroglia. Quantitative analyses of the staining 
pattern in these monkeys is currently underway. These data support the establishment of a viral 
over expression model of MSA. 
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Abstract: Parkinson’s Disease (PD) is the second most-prevalent neurodegenerative disease, 
affecting more than 4 million individuals worldwide. Presently, there are no disease-modifying 
therapies available. The National Institute of Neurological Disorders and Stroke (NINDS) 
Parkinson’s Disease Biomarkers Program (PDBP) is a consortium of scientists and movement 
disorder clinicians established to support biomarker discovery and advance biomarker utility in 
Phase II clinical trials for PD and related disorders. The PDBP collects standardized longitudinal 
clinical data as well as biospecimens from PD and Parkinsonism cases, and healthy controls. 
Currently, there are twelve hypothesis-driven projects supported within the PDBP, of which nine 
are clinical. As of April 2016, there are more than 1400 enrolled participants. Clinical sites 
follow standardized protocols for subject visits and biospecimen collection. The PDBP data 
management resource (DMR) catalogs data electronically, while allowing users to query for 
expansive clinical and biospecimen data. Moreover, through the DMR users can request 
biospecimens from the NINDS Repository at no cost, following review by the PD Biospecimen 
Resource Acquisition Committee (BRAC). Presently, there are more than 1300 DNA and 3500 
longitudinal RNA samples available. Most of the DNA has been genotyped using the NeuroX 
chip and this data is available in the DMR. Furthermore, there are more than 2700 samples each 
of serum, plasma, and whole blood, as well as over 700 CSF samples collected over time which 
are available for analysis. Overall, the PDBP cohort serves as a well-standardized cohort of 
clinical information regarding how to request access to the DMR, query for data and samples, 
and order biospecimens can be found on the PDBP website (https://pdbp.ninds.nih.gov). 

Disclosures:  C.R. Swanson: None. D. Babcock: None. K. David: None. K. Gwinn: None. B. 
Landin: None. J. Linde: None. J. Liu: None. M. McAuliffe: None. B. Sieber: None. P. 
Timothee: None. C. St. Hillaire-Clarke: None. M. Sutherland: None. 

Poster 

700. Parkinson's Disease: Biomarkers and Therapeutics 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 700.02/W1 

Topic: C.03. Parkinson’s Disease 

Support: Michael J. Fox Foundation 

 The Mayo Clinic 
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Abstract: Parkinson’s disease (PD) is a progressive neurodegenerative disorder, diagnosed only 
at an advanced disease stage, by a series of motor deficits that manifest over years or decades. 
Aberrant epigenetic modifications, including hypomethylation of α-synuclein in PD, exist across 
a range of diseases, from cancer to schizophrenia, and are non-invasively detectable in many 
body fluids and blood tissue as markers of disease. We aimed to characterize DNA methylation 
and gene expression patterns in blood from PD patients and matched healthy controls to identify 
disease-specific biomarkers that may be used to aid earlier, more accurate disease diagnosis and 
tracking of disease progression. 
Two whole-blood samples were collected from PD patients and healthy controls, one for DNA 
methylation detection and one for RNA sequencing. DNA methylation sites were probed with 
the Illumina Infinium HumanMethylation450 BeadChips and analyzed for differential 
methylation. We used the Illumina HiSeq2000 platform for RNA sequencing and performed 
differential expression analysis. Intersection analysis of DNA methylation and RNA-seq was 
done with Bedtools. 
PD methylation profiles are readily distinguishable from healthy controls, even in whole blood 
DNA samples. Differential expression analyses of RNA-seq data identified global changes in 
gene regulation, including overall gene expression levels and expression levels of specific 
transcript splice variants. Combined methylation quantitative trait loci analyses (meQTL) 
identified cis-acting meQTLs associated with differential expression of proximal loci. 
Establishing clear patterns of altered disease-specific DNA methylation, RNA expression and 
processing, and meQTL analyses from whole blood, a non-invasive tissue collection option, 
provides increased promise for the development of a molecular biomarker for PD with sufficient 
sensitivity and specificity to aid in the diagnosis and tracking of this disorder. 
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Abstract: The availability of uniformly collected biospecimens from extensively phenotyped 
subjects is essential for the identification of high quality biomarkers which can advance the 
development of therapeutic interventions for Parkinson disease (PD). The Michael J. Fox 
Foundation (MJFF) and the National Institutes of Neurological Diseases and Stroke (NINDS) are 
committed to obtain and distribute a range of biospecimens and associated clinical data collected 
under standard operating procedures from research subjects in the following groups: (1) PD 
patients at various stages of disease: early, moderate (mod), advanced (adv); (2) healthy controls 
(HC); and (3) other subgroups. These samples are banked within a single umbrella biorepository 
located at Indiana University. The biorepository at Indiana University houses biospecimens from 
multiple ongoing and closed studies. Some of the studies collect longitudinal (long) samples. The 
table below summarizes the studies and types of biospecimens banked at Indiana University. 
More information for particular studies can be obtained at www.michaeljfox.org/dataspecimens 
and https://pdbp.ninds.nih.gov/. Biospecimens collected under these protocols are now available 
and are being used in ongoing research studies. Researchers request biospecimens through an 
application process (https://pdbp.ninds.nih.gov/biospecimens) or http://www.ppmi-
info.org/access-data-specimens/request-specimens/. 

Study Summary 

Study Long PD Control DNA Plasma Serum RNA CSF Urine Whole 
Blood 

PPMI (MJFF) X Early: 400 200 X X X X X X X 

BioFIND 
(MJFF/NINDS)  Mod/ Adv: 

126 106 X X X X X X  



DATATOP 
(MJFF) X Early: 800  X  X  X X  

24Hour  Early: 24 11  X X  X  X 

PDBP (NINDS) X 
Early: 459 
Mod/Adv: 
486 

510 X X X X X X X 

* Recruitment is still ongoing for this study and/or subject group 
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Abstract: In some patients with Parkinson’s disease (PD), variations of the Leucine-rich repeat 
kinase 2 (LRRK2) gene have been associated with the development of the disease. There is 
evidence suggesting the importance of identifying deficits in executive functioning in patients 
with PD, as it may lead to earlier diagnosis. One promising approach is to use eye tracking. 
Patients with PD exhibit specific deficits in voluntary saccade control, specifically the anti-
saccade task, where participants must look in the opposite direction of a peripheral visual 
stimulus. This task assesses the ability to inhibit of the automatic response and requires a 
generation of a voluntary command to look in the opposite direction. Commonly interleaved with 
the anti-saccade task, the pro-saccade task assesses the basic sensory-motor processing of eye 



movements via automatic tendencies to look at the peripheral visual stimuli. PD patients exhibit 
deficits include increased saccadic reaction times (SRTs) and direction errors during the anti-
saccade task. There are also significant alterations of pupil responses during voluntary movement 
preparation in patients with PD. It is unclear whether LRRK2 mutation carriers before they 
manifest PD symptoms (LRRK2 carriers) exhibit the same behavioural and pupillary 
discrepancies as patients with PD. By exploiting these known behavioural variations, saccade 
tasks may be used as a diagnostic tool to help differentiate between the healthy population and 
pre-PD patients. We conducted interleaved pro- and anti-saccade trials with age-matched 
controls, patients with idiopathic PD, and LRRK2 carriers. Preliminary analysis showed no 
significant differences between the LRRK2 group and controls in SRTs and direction errors, 
although there were significant pupillary differences between the two groups. LRRK2 carriers 
had on average smaller baseline pupil size when starting the either saccadic task than healthy 
age-matched controls. The pupils of LRRK2 carriers also did not constrict as much as controls 
during both the pro- and anti-saccade task. This may be an indication that pupillary abnormalities 
may be a prodromal symptom of PD. Further analysis is essential to identify pre-symptomatic 
behavioural biomarkers of PD that accurately predict disease and thus lead to earlier PD 
detection. 
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Abstract: Neuroinflammation is a pathophysiology associated with Parkinson’s disease (PD). 
Characterizing the cellular and molecular basis of neuroinflammation is critical to understanding 
the progression of PD. The NLRP3 inflammasome is a cell-intrinsic pro-inflammatory mediator 
capable of initiating inflammation. NLRP3, a key component of the multi-protein NLRP3 
inflammasome complex, is a NOD-like receptor (NLR) containing a highly conserved NACHT 
domain along with an n-terminal pyrin domain and a c-terminal leucine rich repeat domain. 
NLRP3 activity has been associated with the progression of Alzheimer’s disease, however the 
role of NLRP3 in PD is not known. Recent evidence that misfolded synuclein can activate 
NLRP3 in vitro suggests that the NLRP3 inflammasome might play an important role in the 
development and progression of PD. NLRP3 expression was examined in post-mortem CNS 
tissues from PD patients (n=17) and control subjects of similar age (n=11). Our histologic and 
biochemical findings indicate elevated NLRP3 expression in mesencephalic tissues from 
Parkinson’s patients as compared with controls. NLRP3 immunoreactivity was readily detectable 
in pigmented neurons and Lewy neurites in PD patients indicating that degenerating neurons are 
a cell-of-origin for inflammasome activity in PD. We independently confirmed neuronal NLRP3 
expression in distressed neurons proximal to areas of cerebral infarction and in differentiated 
SH-SY5Y cells treated with neurotoxins. Although PD most often occurs sporadically, 
increasing evidence points to underlying genetic predispositions that can alter the incidence and 
progression of PD. Having identified elevated levels of NLRP3 in DA neurons in the 
degenerating mesencephalon of PD patients, we undertook an evaluation of NLRP3 in the 
germline of PD patients and control individuals. In analyzing newly available exome sequencing 
data obtained from the Parkinson’s Progression Markers Initiative (PPMI) database, we found 
multiple SNPs clustered in the NLRP3 NACHT domain with an individual SNP associated with 
a reduced risk of developing PD. We were able to use these data to differentiate Parkinson’s 
patients from a population of SWEDD (scans without evidence of dopaminergic deficit) 
individuals. Our studies identify the NLRP3 inflammasome as a polymorphic neuron-intrinsic 
inflammatory mediator in Parkinson’s and suggest that understanding NLRP3 polymorphisms 
may help distinguish PD from early stage disease or non-classical parkinsonism. In addition, 
these findings may provide the basis for novel therapeutic approaches aimed at modulating 
NLRP3 activity in neuroinflammatory disorders. 
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Abstract: It is well established that the substantia nigra (SN) is an area of iron enrichment in the 
brain, with levels increasing with advancing age. In Parkinson’s disease (PD), iron levels are 
further enhanced, yet the role that iron plays in disease progression remains enigmatic. Ferritin is 
a key iron sequestration protein and is comprised of H- and L- subunits. The ferroxidase activity 
of H-ferritin makes this protein of particular interest in PD because it may limit iron toxicity in a 
condition demonstrated to have iron overload. Data from autopsy tissue suggest that H-ferritin 
levels are decreased in PD, but H-ferritin levels in the central nervous system, as reflected by 
cerebrospinal fluid (CSF), or in the periphery are unknown in living PD patients. The overall 
goal of our work is to establish a biomarker profile to better understand the role of iron in PD 
pathophysiology. We hypothesize that the correlation between serum and CSF H-ferritin levels 
will be useful in understanding disease progression. We measured H-ferritin levels in serum and 
CSF from 109 control, 183 PD, and 12 PDism cases; the latter group includes multiple system 
atrophy and progressive supranucelar palsy. There was no relationship between serum and CSF 
H-ferritin levels in controls but PD subjects displayed a significant positive correlation. Sub-
division of PD cases into disease duration categories of less than one year, one to five years, five 
to ten years, and over ten years, revealed that there was a significant positive correlation between 
serum and CSF in PD cases with disease duration of one to five years and greater than ten years, 
suggesting this correlation is dynamic rather than stable during disease progression. We also 
assessed H-ferritin immunostaining in the SN in autopsy sections from control, PD, and PDism 
cases. H-ferritin protein was found to strongly stain in glia in disease conditions but not in 
controls. These data suggest that iron management is not causative of PD pathology but does 
signify a shift in iron homeostasis two to five years after PD diagnosis and also in later stages of 
the disease. Investigation is ongoing to determine if H-ferritin levels have prognostic value for 
determining rate and severity of disease progression or if it is informative in PDism cases. 
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Abstract: Parkinson’s disease (PD) is affecting up to 10 million people worldwide and even 
though 200 years passed from the time when James Parkinson published “An Essay on the 
Shaking Palsy” we are still unable to cure the disease or detect it in the early stages. PD is 
characterized by progressive loss of dopaminergic neurons and presence of abnormal inclusion 
called Lewy bodies (LBs) in surviving neurons. Although several medication strategies exist 
against PD, they are aimed to slow down disorder progression or relieve the symptoms and none 
of them is able to stop or reverse the damage caused by the disease. More importantly, only few 
indirect methods are currently available to detect PD in its early stage when no visible symptoms 
are yet observed and no irreversible brain damage occurred. We are also facing a problem of 
many possible culprits of the disease, among which alpha-synuclein (αSN) is a leading target for 
medical intervention. 
αSN is a natively unfolded presynaptic protein with unknown function in the cell. It can 
aggregate into stable oligomeric forms and amyloids, which are a main component of LBs found 
in the postmortem brain tissue of PD patients. Most importantly, it is known that abnormalities in 
αSN handling are present in PD patients' brains long before neuronal cell loss, what makes it 
even more interesting target for further research. 
CSF is in direct contact with the extracellular space of the brain and it is commonly believed that 
what is happening in the brain is reflected in the CSF. Subsequently, it is extensively 
investigated in PD to search for possible biomarkers of early disorder. It has been previously 
shown that αSN can be found in CSF samples obtained from PD patients. However, the findings 
are not conclusive and contrary results are presented by different laboratories. Moreover, they 
are mostly based on total αSN molecules count and therefore do not consider changes in different 
aggregated species present in CSF. 
In our laboratory we have established a new method for detection of αSN aggregates in CSF. Our 
preliminary data suggest presence of a high molecular weight species, which we are now 
investigating. We are also testing if with our method we can distinguish control, healthy subjects 



from PD cases and if the levels of αSN aggregate changes with severity of disease. Finally, we 
are also looking for potential αSN interactions in CSF. 
We believe that our findings will greatly complement currently available methods for αSN 
detection and might in the future be useful as a clinical method for assessing PD risk or even 
confirm occurrence of early stage of this disorder. 
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Abstract: Parkinson’s disease (PD) is the second common neurodegenerative disease. It is 
crucial to identify reliable and robust biomarkers for early diagnosis and prediction of disease 
progression. In order to investigate the alterations of serum protein levels in PD patients, two-
dimensional fluorescence differential gel electrophoresis was used to identify differentially 
expressed serum proteins that might serve as potential biomarkers for PD. The comparative 
proteomic study of serum samples followed by ELISA confirmation identified that protein 
expression of Rab35 was upregulated in PD patients (n=213) compared with matched control 
subjects (n=177) and other parkinsonian disorders, progressive supranuclear palsy (PSP, n=46) 
and multiple system atrophy (MSA, n=80). The serum level of Rab35 was negatively correlated 
with the age at onset of PD. There was a significantly correlation between the expression of 
Rab35 and disease duration of PD. Importantly, PD patients with a high serum level of Rab35 
showed shorter overall survival compared to patients with a low expression of Rab35. Moreover, 
an increased expression of Rab35 protein was observed in the substantia nigra of MPTP-treated 
mice, rotenone-treated mice, (R1441C) LRRK2 or (G2019S) LRRK2 PD transgenic mice. 
Furthermore, overexpression of Rab35 significantly increased the aggregation and secretion of 
A53T α-synuclein in dopaminergic SH-SY5Y cells. Co-expression of Rab35 with wild-type or 
A53T α-synuclein in SH-SY5Y cells deteriorated cell death. Our results suggest that Rab35 is 
potentially useful in the differential diagnosis of parkinsonian disorders and is implicated in the 
pathogenesis of PD. 
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Abstract: [OBJECTIVE] As a non-motor symptom of Parkinson's disease (PD), cognitive 
decline and executive dysfunction are pointed out. In comparison with a decrease of memory 
function, I experience the case that a frontal lobe dysfunction is seen in early. As PD symptoms, 
I pay my attention to a frontal lobe sign and examine it. [METHOD] I intended for 30 PD 
patients (a man, a woman each 15) who were under the medical treatment in my hospital. After 



having obtained its consent from a patient for the case not to be seen of the memory disorder, I 
inspected the neuropsychiatric test by clinical psychologists. The inspection battery went mini-
mental state examination (MMSE), frontal assessment battery (FAB), trail making test (TMT) 
and the tower of Hanoi task (TOH). About MMSE and FAB, I added evaluation about the lower 
item. TMT performed part A and B and evaluated the time required. TOH performed by for each 
three times with three disks and four disks, and examined it in the shortest achievement time. I 
set 24 points in a cut-off level about having failure of memory or not in MMSE. [RESULT] 30 
all cases were more than 24 points in MMSE. After examining it in a lower item, a drop was 
seen by attention in MMSE. The conflicting instructions and the prehension behavior were kept 
in FAB, but a mistake was outstanding in the other subtests. Extension of the time was seen in 
TMT in complicated part B in comparison with part A. The tendency that time extended to with 
aging at three disks was seen in TOH, and the case that could not be accomplished with four 
disks to reflect an executive dysfunction more was seen. FAB score was significant correlation 
with TMT part B and TOH, but it had no correlation with MMSE score. [CONCLUSION] In the 
case not to be seen of the cognitive impairment in PD, the deterioration of an attention disorder 
and the executive dysfunction is accepted. I think that there is the need to diagnose the disorder 
that is not caught early in MMSE. I provide treatment not only for the motor symptom of PD but 
also for the frontal lobe dysfunction, under the medical treatment. I think TOH to be effective 
tools to find out the condition of early stage in the executive dysfunction of PD. 
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Abstract: Mild cognitive impairment, particularly of the executive function (EF) subtype, is 
common in Parkinson’s Disease (PD), frequently transitions to dementia, and there are no 
effective interventions to alleviate or slow these cognitive declines. EF processes are needed to 
learn and optimize performance of complex cognitive and motor skills. Our studies in PD 
demonstrate that exercise facilitates neuroplasticity of the basal ganglia, supporting the 
hypothesis that exercise will reverse EF deficits in PD. In addition, our translational animal 
studies and recent studies in aging and exercise have suggested that skill-based exercise may 
facilitate cognitive circuitry to a greater extent than aerobic exercise. The aim of this study is to 
compare and elucidate the effects of skill-based exercise versus aerobic exercise versus control 
on mild cognitive impairment in Parkinson’s disease. Patients will be randomized to 1 of 3 
groups (N=20/group) to participate in a community-based neuro-physical therapy guided 
intervention that will involve either:(i) skill-based exercise; (ii) aerobic exercise or (iii) social-
engagement (control) for 36 hours across 12 weeks. Patients assigned to either exercise group 
will complete 3 one-hour, individual sessions per week in a neurologic physical therapy practice. 
Blinded evaluators will conduct all assessments at pre-intervention, post-intervention and 3-
month follow up visits. Patients will be examined for changes in neurocognitive measures and 
changes in the connectivity and function of the brain circuits sub-serving executive function seen 
during an fMRI scan. These outcomes will be compared to changes in measures of 
cardiovascular and motor/skill-related fitness and body mass index (BMI). Findings from this 
clinical study could help elucidate the type (skilled vs. aerobic) of exercise that may be most 
beneficial for improving cognitive function in PD-MCI and the role of exercise in facilitating 
neuroplasticity (brain connectivity) and repair. 
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Abstract: Parkinson’s Disease (PD) is defined by the accumulation of alpha-synuclein (aSyn) 
fibrils in neuronal cytoplasmic and neuritic inclusions known as Lewy bodies and Lewy neurites 
(Forno, 1996). Multiple therapeutic approaches targeting aSyn accumulation are being pursued 
for the treatment of PD including: 1) inhibition of aSyn protein synthesis, 2) prevention or 
reversal of aSyn aggregation, and 3) enhancement of aSyn clearance. Hindering the overall 
development of these therapeutic interventions is the lack of robust methodologies that assess 
aSyn target engagement and pharmacodynamics. To address this need, we developed an 
immunoprecipitation tandem mass spectrometry (IP-LC/MS) method based on the Stable 
Isotope Labeling Kinetics (SILK) technique to quantitate aSyn and measure its turnover kinetics 
in human cerebrospinal fluid (CSF). SILK has already been successfully applied to measure the 
turnover of other disease-related proteins in the central nervous system (CNS), including 
amyloid-beta (Bateman et al., 2006, Potter et al., 2013), soluble Amyloid Precursor Protein 
(Cook et al., 2010, Basak et al., 2012), Apolipoprotein E (Basak et al., 2012, Wildsmith et al., 
2012), and superoxide dismutase 1 (Crisp et al., 2015). These studies provide valuable insight 
into CNS disease mechanisms (Mawuenyega et al., 2010, Potter et al., 2013) as well as in 
measuring the pharmacodynamic action of proposed disease-modifying drugs (Dobrowolska et 
al., 2014). Leveraging our previous experience with the development of SILK protocols and 
monoclonal antibodies, we first developed an IP protocol by screening a panel of both in-house 
and commercial antibodies under a set of commonly applied IP conditions. We then optimized a 
LC/MS method based on bottom-up proteomics capable of characterizing the aSyn proteoforms 
present in human CSF. Using a set of 15-Nitrogen uniformly labeled proteins in addition to a set 
of peptides with differentially labeled individual amino acids, we designed our quantitative assay 
around five key proteolytic peptides containing either a Leucine residue (for SILK turnover 
analysis) or sites of documented post-translational modifications. With optimized assay 
parameters in hand, we will define a suitable labeling strategy for SILK analysis to determine the 
production and clearance rates of aSyn in CSF from a set of control human participants and 
corresponding PD patients. We hypothesize that measurement of aSyn production and clearance 
rates by SILK will define altered aSyn metabolism related to PD. Further, this technique will 
provide a valuable measure of target engagement and pharmacodynamics for future clinical 
studies targeting aSyn. 
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Abstract: The identification of the leucine-rich repeat kinase 2 (LRRK2) mutation as causative 
in dominantly inherited form of Parkinson’s disease, led to a new target for investigation in PD. 
Both idiopathic PD and LRRK2-associated PD have similar clinical presentation and the study of 
LRRK2 function could shed light onto disease mechanisms and progression which could result 
in improved therapeutics. LRRK2 mutations are associated with roughly 1-2% of total PD cases 
and an incidence of 40% in the Ashkenazi Jewish PD population. LRRK2 is abundantly 
expressed in cells of the immune system, including CD4+ and CD8+ T cells, CD14+ monocytes, 
and CD19+ B cells; yet its function in the immune system and the relationship of LRRK2 
function in immune cells to PD pathogenesis is largely unknown. In this study, we use flow 
cytometry to characterize immune cell populations in blood of PD patients with and without the 
LRRK2 mutation as well as healthy controls with and without the mutation. Flow cytometry 
used with a cocktail of antibodies enables us to identify monocytes, B cells, and T-cells 
including central and effector memory populations as well as Th1, Th2, Th17, and Treg 
populations. These studies are expected to show alterations in activation responses in immune 



cell populations as a result of a pathogenic LRRK2 mutation. This study can provide the first 
evidence of immune effector cell differences between pathogenic LRRK2 mutations and 
controls. 
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Abstract: (Background) Selegiline, a monoamine oxidase inhibitor, enhances the patient’s own 
endogenous dopamine in their brain by inhibiting the metabolism of dopamine. Dopamine 
improves Parkinsonian symptoms. Thus, efficacy of selegiline monotherapy for de novo 
Parkinson’s Disease (PD) patients is speculated to depend on residual nigrostriatal dopaminergic 
neurons. 123I-Ioflupane single photon emission computed tomography (SPECT) is a method to 
assess striatal degeneration. (Aim) We examined the utility of 123I-Ioflupane SPECT to predict 
the efficacy of selegiline monotherapy for motor symptoms in drug-naïve PD patients. (Methods) 
Nineteen drug-naïve, de novo PD patients (6 males, 13 females) began taking selegiline 
monotherapy, and the dose was increased until improved 
motor function without side effects (maximum 10 mg per day) was obtained. Motor function at 
baseline and after the medication had reached the stable dose was assessed using the Unified 
Parkinson’s Rating Scale (UPDRS). 123I-Ioflupane SPECT was performed before the start of the 
medication, and the Specific Binding Ratio (SBR) in the striatum was calculated for each 
participant. The SBR and improvement in motor assessment score were compared using 
Spearman’s correlation coefficient. (Results) The UPDRS part III (motor score) at baseline did 
not correlate with the SBR in the stratum (p=0.19). Improvement from baseline in the UPDRS 
part III showed a significant negative correlation with the SBR in the striatum (p<0.01). In other 
words, patients with a low SBR had grater improvement with the selegiline monotherapy than 



those patients with a higher SBR. Multiple regression analysis taking into account the age of the 
patient and the selegiline dose showed that improvement in the UPDRS part III significantly 
correlated with the SBR (p<0.05), but it did not correlate with the age of the patient (p=0.45) and 
the drug dose (p=0.28). (Conclusion) 123I-Ioflupane SPECT can predict the efficacy of selegiline 
monotherapy when used as an initial treatment for drug-naïve PD patients. 
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Abstract: Currently two clinical trials (NCT01833364 and NCT02369003) are underway which 
feature the implantation of a peripheral nerve autograft to the brain (targeted either to the 
Substantia Nigra or the Nucleus Basalis of Meynert) in combination with Deep Brain 
Stimulation (DBS) for the treatment of patients with Parkinson’s disease. This nerve tissue is 
harvested from the sural nerve, a cutaneous sensory nerve located in the lateral ankle, of patients 
undergoing DBS surgery. Two tissue samples per patient are collected for study (one during the 
Stage I surgery, another during the Stage II surgery 5-7 days later) in addition to the tissue used 
for the graft. As of 5/1/16, 28 patients have received a graft. 
The character of the peripheral nerve tissue used in these clinical trials has yet to be described. 
This study examines several aspects of the peripheral nerve tissue; including microscopic 
appearance, levels of neurotrophic factors, morphology of Schwann Cells, and presence of 



macrophages. These results are supplemented by immunohistochemical analysis of the brain of 
non-human primates that have undergone an analogous procedure. The results of this model 
show growth of tyrosine hydroxylase-containing nerve fibers, which are a marker of dopamine-
producing neurons, into the area of the peripheral nerve graft. In addition, results in this model 
show the presence of S100beta-containing cells as well as GFAP-containing cells within and 
surrounding the graft. 
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Abstract: Introduction: Deep brain stimulation (DBS) programming is a complex process 
likely to become more complex with the introduction of leads with larger numbers of contacts. 
We developed an automated programming algorithm to optimize DBS parameter selection for 
targeted neural activation in a patient-specific manner. The purpose of this study is to assess 
algorithm performance by applying it to conventional and directional electrode geometries. 
Methods: We used finite element models to solve the bioelectric field problem for a 
conventional 4-contact DBS lead (Medtronic 3387) and three directional leads: the 
directSTNactute (Pollo et al., 2014), the segmented lead (Bulmann et al., 2011), and the Sapiens 
electrode (Decré et al., 2013). As shown in Figure 1A, a 3D rendering of the stimulation target 
area and fiber tractography were generated from patient MRI and diffusion tensor imaging 
(DTI). We used values derived from the Hessian matrix of voltage second derivatives as an 
estimate of neural activation to maximize stimulation in the STN and limit activation of axon 



fibers in the internal capsule. Results: We have demonstrated an ability to program the electrode 
to stimulate a target area while avoiding neural tracts that may be responsible for side effects. 
We tested that the algorithm settings were robust by adjusting the magnitude of optimized 
electrode settings as shown in Figure 1B. Optimal parameter settings from the algorithm show 
STN activation while limiting stimulation outside the target area and the internal capsule. 
Conclusion: We have developed a method of optimization that can be applied to the clinical 
electrode and additional complex DBS lead designs. Deviation away from the optimized 
parameters showed more stimulation outside the target area or activation of neighboring fiber 
tracts. A real-time, patient-specific, automated programming algorithm may increase efficiency 
and positive outcomes of clinical DBS programming, as well as enable the use of more complex 
lead designs, which are likely to be too complex for manual programming. 
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Abstract: Deep brain stimulation (DBS) therapy relies on both precise neurosurgical targeting 
and systematic optimization of stimulation settings to achieve beneficial clinical outcomes. One 
recent advance to improve targeting is the development of DBS arrays (DBSAs) with electrodes 
segmented both along and around the DBS lead. However, increasing the number of independent 
electrodes creates the logistical challenge of optimizing stimulation parameters efficiently. We 
developed a robust and efficient particle swarm optimization (PSO) approach to solve this 
complex multi-objective programming problem through a swarm of individual particles 
representing a range of electrode configurations and stimulation amplitudes. The approach was 
evaluated across several axonal fiber orientations relative to the DBSA lead (0°, 30°, 60°, 90°, 
120°, and 150°). The fiber tracts consisted of a region of interest (ROI) and a region of avoidance 
(ROA). Accuracy of PSO activation predictions was assessed using biophysical NEURON 
models. To investigate the specificity of PSO, we generated complex, angled fiber tracts with an 



ROI and ROA. The lead was then shifted relative to the fiber tracts. For all fiber tracts, finite 
element models were used to determine the nodal voltages for each electrode configuration. The 
PSO algorithm solved the multi-objective ROI-ROA problem by producing consistent Pareto 
fronts. The angle of fibers was found to influence the activation threshold needed for the PSO 
output to match the biophysical model predictions. The specificity of the PSO algorithm was 
maintained across DBSA lead shifts, such that activation in the ROI was always 25 to 100 times 
higher than in the ROA. These results suggest that if one accounts for the axonal orientations 
around a DBS lead, the PSO algorithm can provide a computationally efficient way to program 
DBS systems especially those with higher electrode counts. 
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Abstract: Deep Brain Stimulation (DBS) is an adjunct neurosurgical treatment for Movement 
Disorders. At the core of the DBS system is the neuromodulation device. Medtronic’s most 
recent Activa (SC) neuromodulation device became available 3/15/2011, and purports to have a 
2-5 year battery life. We reviewed the charts of 27 individuals implanted with 50 Activa SCs 
between 3/15/2011 and 9/24/2013. Twenty of the individuals were diagnosed with Parkinson’s 
Disease, 18 Subthalimic Nucleus, 2 Globus Pallidus interna (GPi), two were diagnosed with 
Dystonia, 2 GPi, 4 with Essential Tremor, 4 Ventral Intermediate nucleus of the thalamus (VIM), 
and one individual with Multiple Sclerosis tremor 1 VIM. Of the implanted Activa SCs, 23/50 
have been exchanged, while 16/50 continue to function, while the final 11/50 have been lost to 
follow up. The mean start value of the 50 devices was 3.11V, with a range of 3.04V-3.17V. The 
mean end value of the 23/50 exchanged devices were split into those that passed below the 
Elective Replacement Indicator (ERI) threshold (n=16, mean 2.50V, sem .03; range 2.22V-
2.60V) and those that were tied to a below threshold device and exchanged at the same time 
(n=7, mean 2.80V, sem .02; range 2.71V-2.86V). The 16/23 exchanged devices from 15 



individuals had a mean duration 2.87 years ranging from 1.75 years to 3.98 years, while the 
ongoing 16/50 devices from 9 individuals currently have a mean duration of 3.3 years ranging 
from 2.61 years to 4.18 years. Both these values may underestimate the eventual longevity as the 
devices have only been available for 5.20 years. Of the 16 Activa SCs exchanged at or below the 
ERI 2.60V threshold, full battery tracking data were available for 10 of the devices. Examination 
of the plotted battery charge decay curves suggests a cubic spline best fit with an initial concave 
up followed by a concave down, and a central plateau in between. The first upward concavity is 
characterized by a rapid decline from the respective start values to a leveling off value ranging 
from 2.95V to 2.98V occurring by the end of the initial six months. The central plateau occurs 
between the battery charge values of 2.95V to 2.88V, lasting from 6 months to 3 years dependent 
upon programmed neuromodulation parameters. The second downward concavity declines more 
rapidly as the battery runs down with durations of approximately 6 months. The initial upward 
concavity was fairly homogenous across curves, while the downward concavity was fairly 
heterogeneous, fanning out to cross the 2.60V ERI threshold at different durations. We believe 
that the battery duration will continue to grow as the window from the initial implant expands to 
encompass 5 years from our last implant inclusion. 
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Abstract: Introduction: We are investigating a strategy that couples a biological therapy with 
DBS surgery in an attempt to restore areas of the brain affected in PD. We grafted autologous 
Schwann cells from the sural nerve, known to release a host of growth factors including GDNF, 
NGF, BDNF, and NT-3. We describe our ongoing clinical trials examining the safety and 



feasibility of implanting autologous peripheral nerve grafts in PD in patients undergoing DBS 
surgery. 
Methods: DBS surgery targeting the subthalamic nucleus or internal globus pallidus was 
performed using standard procedures. A 5mm section of sural nerve was excised, stripped of the 
epineurium, cut into 1mm pieces, and unilaterally delivered into the area of the substantia nigra 
(SN) or nucleus basalis of Meynert (NBM). Adverse events were continuously monitored. 
Assessments included neurocognitive performance, quality of life, gait, (123I-ioflupane) SPECT 
imaging, and MR imaging at baseline and at the end of the study, 24 months after the implant 
surgery. Subjects undergo a Unified Parkinson’s Disease Rating Scale (UPDRS) evaluation 
before surgery and at 6, 12, 18 and 24 months after surgery. 
Results: We recently completed a 1-year Phase I study (NCT01833364) of 8 participants and 
found an adverse event profile comparable to standard DBS surgery. In addition, 6 of 8 
participants showed a lower UPDRS III motor score than at baseline (25.5 ± 16.8 at 12 months 
vs. 32.5 ± 9.8 at baseline; Mean ± SD, N=8) considered a moderate clinically important 
difference (Shulman et al. 2010). This compares to 12 PD patients with bilateral DBS alone at 12 
months showing a 5 point increase (60.7 ± 14.1 at 12 months vs. 55.7 ± 17.4). A follow-up, 
open-label, two-year study of safety and feasibility (NCT02369003) has been initiated that 
allows DBS of the GPi. Mean age for participants was 66.6 ± 6.9, Hoehn & Yahr score: 3.2 ± 
0.5, UPDRSIII OFF medication: 37.7 ± 9.5, and UPDRSIII ON medication: 18.3 ± 10.5. One 
year data for this group will be presented. Participants showed a decrease in striatal 123I-
ioflupane binding with SPECT imaging. Overall, we have successfully completed peripheral 
nerve graft delivery to the SN in 14 participants, and to the NBM in 6 participants in this study. 
Immediate post-operative MRIs did not indicate evidence of abnormal tissue disruption. There 
have been no serious adverse events related to graft placement. 
Conclusions: Initial results from two clinical trials indicate a potentially safe and feasible means 
of delivering biological therapy with DBS surgery. With respect to motor symptoms, participants 
with grafts have reduced UPDRS III scores compared to baseline and to controls, who showed 
and increase in their score. 
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Abstract: INTRODUCTION: Parkinson’s disease (PD) is a progressive neurodegenerative 
disorder that leads to severe motor and non-motor impairments. The motor impairments are 
believed to be caused by aberrant neuroplastic changes in the basal ganglia as well as primary 
and accessory motor networks. We have previously demonstrated that inter-limb coupling is 
altered in patients with PD. Inter-limb coupling is a specific feature of bimanual tasks 
characterized by the harmonization of movement parameters between limbs. OBJECTIVES: The 
goal of the current study was to identify the impact of subthalamic deep brain stimulation (DBS) 
and dopaminergic medication on inter-limb coupling. METHODS: Twenty patients with PD 
were first tested approximately one week before subthalamic DBS surgery. After surgery, when 
their motor state was deemed stable by their treating physician, patients were again assessed. 
Pre- and post-surgery assessments were performed on and off medication. Post-surgery 
assessments were also performed on and off DBS. Patients were asked to perform rapid 
repetitive pronation-supination movements unimanually and bimanually. The difference in mean 
amplitude and mean duration of cycles between hands was computed in order to assess spatial 
and temporal inter-limb coupling, respectively. Structural coupling between hands during the 
bimanual task was also computed. RESULTS: Pre-surgery off medication data replicated our 
previous data showing that PD patients exhibit temporal inter-limb coupling but not spatial inter-
limb coupling. Results of the current study demonstrate that the temporal inter-limb coupling 
exhibited by patients with PD is not altered by either dopaminergic medication or subthalamic 
DBS. This indicates that temporal inter-limb coupling is likely mediated by structures not 
affected by PD and that lie outside the networks whose activity is altered through dopaminergic 
medication or subthalamic DBS. The lack of spatial inter-limb coupling was not corrected by 
either dopaminergic medication or subthalamic DBS. This indicates that spatial inter-limb 
coupling is likely mediated by structures that are affected by PD but that lie outside the networks 
whose activity is altered through dopaminergic medication or subthalamic DBS. 
CONCLUSION: The current study provides preliminary insight into the possible neural 
mechanisms mediating inter-limb coupling. This may lead to a better understanding of bimanual 
coordination as well as the development of novel interventions to improve the performance of 
bimanual tasks in patients with PD. 
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Abstract: Parkinson’s Disease (PD) and Essential Tremor (ET) are the two most common 
movement disorders. In severe, medication-refractory cases, Deep Brain Stimulation (DBS) is 
often performed as an awake neurosurgical procedure to help alleviate these motor symptoms. 
During the surgical implantation of DBS electrodes, microelectrode recordings are employed to 
identify the position of the electrodes as they are advanced toward the predetermined therapeutic 
target area of the brain. For PD, this target is often the subthalamic nucleus (STN) or the globus 
pallidus internus (GPi), and for ET the target is the ventral intermediate nucleus of the thalamus 
(VIM). The somatotopic organization of these target structures is utilized to guide the final 
placement of DBS electrodes by assessing changes in neural activity in response to passive or 
active movements of the patients’ extremities. Typically, however, the audible detection of such 
modulations of neural activity is reliant upon the perception of trained observers, which can be a 
biased assessment. Background noise from both neural and non-neural sources contribute to the 
inherently qualitative nature of this assessment. Thus, in the intraoperative setting, there is a need 
for online quantification of synchronized neural activity and movement data to increase the 
sensitivity and specificity of localizing the final stimulation target. To perform a principled 
assessment with high temporal precision of neural changes due to movement, we developed a 
low-cost, Arduino-based Inertial Measurement Unit (IMU) with generalized analog outputs to 
enable synchronization with our neural data acquisition hardware. We discuss how our system 



may help to improve understanding of the relationship between somatotopy and therapeutic 
benefit, ultimately leading to improved care for PD and ET patients. 
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Abstract: Objective: The purpose of this study was to describe speech characteristics of two 
adults with idiopathic Parkinson disease before and after receiving deep brain stimulation of the 
subthalamic nucleus (DBS). Methods: A single-subject A-B-A-A research design was used to 
detect the impact of DBS on characteristics of speech and voice. Evaluations were obtained at 
three time points; pre-surgery, post-surgery, and follow-up. DBS01 was a 53-year-old male two 
years post diagnosis. His speech characteristics were consistent with hypokinetic dysarthria 
including reduced speech intensity, mildly imprecise articulation, and monotone pitch. He 
received bilateral electrode placements in the subthalamic nucleus. DBS02 was a 58-year-old 
male five years post-diagnosis. He had hypokinetic dysarthria characterized by reduced speech 
intensity, breathy voice, monotone pitch, and mildly imprecise articulation. He received 
unilateral electrode placement in the left subthalamic nucleus. The dependent variables included: 
intelligibility for words and sentences, speech intensity (dB SPL), and vowel space area. Results: 
There was a statistically significant decrease (p=0.01) in single word intelligibility for DBS01 
from 86.8% (11.2) pre-surgery to 70.4% (4.6) at follow-up. Sentence intelligibility remained 
unchanged. There was a statistically significant increase (p=0.02) in single word intelligibility 
for DBS02 from 79.6 (6.2) to 90.4 (3.8) post-surgery that returned to baseline at follow-up. 
Sentence intelligibility remained unchanged. Both participants read words and sentences at 
reduced intensity and this did not change following surgery. Average loudness for DBS01 during 



word reading was 58.9 (1.9) pre-surgery and 58.1 (2.9) post-surgery and for DBS02 was 59.8 
(3.2) pre-surgery and 59.2 (3.0) post-surgery compared with average normal loudness for a male 
of 72.0 dB SPL measured at 40 cm. Vowel space area decreased for DBS01 from 199,000 Hz2 
pre-surgery to 175,000 Hz2 at follow-up and increased for DBS02 from 170.000 Hz2 pre-surgery 
to 218,000 Hz2 at follow-up. Conclusions: DBS01 received bilateral DBS and his results showed 
a decline in single word intelligibility following surgery and a compression of vowel space area 
associated with less precise articulation. DBS02 received unilateral DBS and his results showed 
an increase in single word intelligibility and an expansion of vowel space area associated with 
greater precision of articulation. The variability of responses in these two participants indicates 
that further research is necessary to understand the impact of DBS on speech, which can affect 
quality of life for people with PD. 
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Abstract: Speech disorders represent an early and common manifestation of Parkinson’s 
disease. The speech impairment relevant to Parkinson’s disease is described as dysphonia 
(inability to produce normal vocal sounds) and dysarthria (difficulty in pronouncing words). 
Class prediction is an essential task in automatic speech treatment. Many classification 
experiments have been performed which focuses on the automatic detection of Parkinson’s 
disease patients from healthy speakers, but results are still not optimistic. High dimensionality of 
data is a major problem usually seen in accomplishing this task. A proposed framework to solve 
this problem is to employ dimension reduction statistical techniques. In this work, the potential 
of Common factor analysis (CFA), Principal Component Analysis (PCA) based modeling in 
dimensionality reduction is taken into consideration as the data smoothening tool with multiclass 
target expression data. After, on the basis of suggested CFA and PCA-based modeling, the 
power class prediction of logistic regression (LR) and decision tree (DT) in numeric data to 
develop an advanced classification model is investigated. This framework is applied to a publicly 



available Parkinson’s disease dataset Silverman voice treatment (LSVT). The main advantage of 
those approaches is that the number of factor can be effectively reduced from p=309 to k=32 for 
LSVT Voice Rehabilitation dataset, with a fine classification accuracy of 100% and 99,92% for 
CFA-LR and PCA-LR respectively. In addition, using only 9 dysphonia features, classification 
accuracy was (99.20%) and (99.11%) for CFA-DT and PCA-DT respectively. In sum, our 
combined dimension reduction and data smoothening approaches have significant potential to 
minimize the number of features and increase the classification accuracy and then automatically 
classify subjects in Parkinson’s disease patients from healthy speakers. 
Keywords: Dimension Reduction, Classification, Parkinson’s Disease, Neuro-Computation. 
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Abstract: Deep brain stimulation (DBS) of the subthalamic nucleus typically alleviates most of 
the primary motor symptoms of parkinson disease (PD) - resting tremor, bradykinesia, and 
rigidity - but its effect on more centralized symptoms (e.g., postural instability) is less 
universally therapeutic. Recent work suggests that DBS may worsen medial, secondary motor 
symptoms including parkinsonian dysarthria, an umbrella term that describes vocal articulation 
problems resulting in soft, slurred speech, and presumably related to an underlying hypokinesia. 
Because the mechanisms of DBS-exacerbated dysarthria are poorly understood and difficult to 
study in patients with PD, we developed a rodent model of DBS-exacerbated dysarthria. We used 
a standard rat model of DBS-alleviated PD: 6-hydroxydopamine was injected to the medial 



forebrain bundle of adult male rats, lesioning dopaminergic neurons in substantia nigra pars 
compacta; and therapeutic high frequency stimulation was delivered to the subthalamic nucleus. 
Ultrasonic (20-100 kHz) mating calls were recorded from sexually -experienced and -frustrated 
males as they were exposed to, but restrained from, female rats in estrus. Vocalization statistics 
were calculated from mating calls collected under naïve, PD, and DBS-alleviated conditions. 
Compared to naïve, rats in the PD condition made fewer calls of shorter duration and less 
complex structure. To the extent that these changes represent aspects of hypokinetic dysarthria, 
each aspect was exacerbated by putatively therapeutic DBS. Interestingly, individual utterances 
spanned a wider frequency range in the PD condition compared to naïve, and this effect was also 
exaggerated by DBS. We propose that together, the changes in vocalization statistics — call 
recurrence, duration, complexity, and frequency range — constitute a rodent model of 
parkinsonian dysarthria. Our presentation will include a detailed procedure for vocalization 
filtering and statistic calculation, as well as analyses of these vocalization statistics in both the 
low (20-40 kHz) and high (40-100 kHz) frequency call ranges. In future work, this rodent model 
will enable explorations of the mechanisms of DBS-exacerbated parkinsonian dysarthria, and 
potentially help modify DBS therapy to alleviate dysarthria and improve other medial symptoms. 
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Abstract: HSN1 is a peripheral neuropathy most frequently caused by missense mutations in the 
SPTLC1 or SPTLC2 genes, which code for two subunits of the enzyme serine 
palmitoyltransferase (SPT). SPT catalyzes the first and rate limiting step of de novo sphingolipid 
synthesis. It has been shown that mutations in SPT causes a change in enzyme substrate 
specificity which results in the production of two atypical sphinganines, deoxysphinganine (DSp) 
and deoxymethylsphinganine (DMSp), rather than the normal enzyme product, sphinganine (Sp). 
Levels of DSp and DMSp are elevated in the blood of HSN1 patients and this is thought to cause 
the peripheral nerve damage characteristic of the disease, which affects both sensory as well as 
motor axons. However, the underlying pathomechanism of how DSp and DMSp damage neurons 
remains elusive. In this study DSp and DMSp mediated neurotoxicity was examined in primary 
mammalian motor neurons by assessing cell survival and neurite outgrowth. These abnormal 
enzyme products were found to have a rapid, dose dependent, neurotoxic effect in motor 
neurons. We also explored the potential mechanisms that may underlie DSp and DMSp 
neurotoxicity and found that mitochondrial dysfunction and calcium handling deficits may be 
key mediators of abnormal sphingolipid neurotoxicity. 
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Abstract: Glucose hypermetabolism in denervated skeletal muscle is a peculiar phenomenon 
which has been shown by our previous animal study. The purpose of this study is to investigate 
the relationship between the severity of nerve injury and the signal intensity of l8F-FDG uptake 
and the temporal course of glucose hypermetabolism in denervated muscles. One week after 
partial ligation of left peroneal nerve, 18F-FDG PET scans were done and mean lesion-to-normal 
counts ratios (LNRmean) were calculated for anterolateral compartment regions of interests 
(ROIs). To examine the temporal course, serial 18F-FDG PET scans and electromyography 
(EMG) were done in complete sciatic transection with contralateral sham-operation. In the 
partial peroneal injury model, there was strong positive correlation between 
electrophysiologically calculated nerve injury severity and LNRmean (Pearson correlation 
coefficient 0.63, p<0.03). Seiral 18F-FDG PET scans in complete injury model showed 
significantly increased l8F-FDG uptake began at 2 days (LNRmean, left, 3.15 ± 0.82; right, 1.33 ± 
0.21, n = 5, P < 0.05) after denervation and continued to 12 weeks. Fibrillation potentials and 
positive sharp waves in EMG were abruptly appeared in 3 days and disappeared in 12 weeks 
after the surgery. Our study demonstrated that the amount of glucose hyperrmetabolism in 
denervated skeletal muscle is related to nerve injury severity and it has temporal characteristics 
after nerve injury. 
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Title: Target expression of human heat shock protein 27 transgene in neurons promotes synapse 
reinnervations & functional recovery after prolonged muscle denervation 
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Abstract: Peripheral nerves are fragile and susceptible to physical trauma such as car accidents, 
traction injury, compression and lacerations. The slow growth rate of peripheral axons limits 
functional recovery in patients, which involve long-distance axonal regeneration. Delay in target 
muscle reinnervation makes the distal milieu non-permissive for the regenerating axons and the 
denervated muscle undergoes atrophy. Previous studies showed that these regenerating axons 
must arrive at the target muscle within a “critical period” of about 35 days in mice after multiple 
sciatic nerve crush (to delay muscle reinnervations), in order to restore motor function recovery. 
Our previous studies showed that forced expression of human Hsp27 (hHsp27) in neurons 
accelerated axonal regeneration and functional recovery in transgenic (Tg) mice after peripheral 
nerve injuries. In the present studies, sensory and motor functional recovery was significantly 
improved in hHsp27 Tg mice compared with the littermate (LM) controls. The number of axons 
in Tg and LM mice was comparable, however; higher number of fully innervated neuromuscular 
junction (NMJ) was observed in hHsp27 Tg mice than in the LM controls. Electrophysiological 
studies showed that muscle electrical activity increased considerably in hHsp27 Tg mice, which 
in line with the NMJ data. In addition, Plantar muscle mass was significantly higher in hHsp27 
Tg mice than the LM controls, which showed reduction of muscle atrophy in Tg mice. 

Disclosures:   P. Asthana: B. Contracted Research/Research Grant (principal investigator for a 
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study, report that research relationship even if those funds come to an institution; GRF grant 
from the Research Grant Council of the Hong Kong Special Administrative Region Government 
(CityU 161212).. G. Kumar: None. C.H.E. Ma: None. 

Poster 

701. Peripheral Neuropathy 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 701.04/X14 

Topic: C.05. Neuromuscular Diseases 

Support: Wellcome Trust Sir Henry Wellcome Postdoctoral Fellowship (103191/Z/13/Z) 



 French Muscular Dystrophy Association 

 Wellcome Trust Senior Investigator Award (107116/Z/15/Z) 

 University College London 

 UK Medical Research Council grant 

 NIH grant (NS054154) 

Title: Sensory neuron fate is developmentally perturbed by Gars mutations in peripheral 
neuropathy 
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Abstract: Charcot-Marie-Tooth disease type 2D (CMT2D) is a peripheral nerve disorder caused 
by dominant, toxic, gain-of-function mutations in the widely expressed housekeeping gene, 
GARS. GARS encodes glycyl-tRNA synthetase (GlyRS), which serves to link glycine to its 
cognate transfer RNA, thereby ensuring the fidelity of the genetic code. The mechanisms 
underlying selective nerve pathology in CMT remain unresolved, as does the cause of the mild-
to-moderate sensory involvement that distinguishes CMT2D from the allelic disorder distal 
spinal muscular atrophy type V. To elucidate the origin of afferent nerve pathology, we 
examined the sensory nervous system in CMT2D mice. We show that the equilibrium between 
functional subtypes of sensory neurons in dorsal root ganglia is distorted by Gars mutations, 
leading to sensory defects in peripheral tissues and correlating with overall disease severity. 
CMT2D mice display sensory behaviour deficits concordant with the afferent imbalance, which 
is present at birth and non-progressive. These data indicate that sensory neuron identity is 
prenatally perturbed in Gars mice, suggesting that both neurodevelopmental and 
neurodegenerative mechanisms contribute to CMT2D pathogenesis. 
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Abstract: Introduction: Inherited peripheral neuropathies are an important health concern for 
which there is currently no disease-modifying therapy. Dogs are affected by a variety of 
peripheral neuropathies that are breed-specific, indicating a strong genetic component. The use 
of in-bred populations, such as pure-bred dogs, is advantageous for genetic dissection of disease. 
Acquired peripheral neuropathy (APN) is an inherited late-onset generalized polyneuropathy 
with high prevalence in Labrador Retrievers. The most prominent features of APN, laryngeal 
paralysis and pelvic limb weakness, are associated with the longest peripheral motor nerves in 
the dog. The pathologic features of APN are similar to human peripheral neuropathy. The genetic 
basis of APN has not been determined. 
Objective/Hypothesis: Our objective was to undertake a discovery genome-wide association 
study (GWAS) of APN in Labrador Retriever. APN is most likely a monogenic trait although 
more than one causal variant may explain a common phenotype. 
Methods: We conducted a GWAS using 91 pure-bred Labrador Retrievers (n=65 cases, n=26 
controls) using linear mixed model analysis with GEMMA. Direct siblings were excluded. 
Case criteria: Dogs either received airway surgery for APN or had clinical signs of inspiratory 
noise and pelvic limb deficits indicating polyneuropathy. Dogs were excluded if evaluation 
suggested APN was not idiopathic. 
Control criteria. Dogs usually exhibit signs by 11 years of age. Control dogs were ≥11.5 years of 
age with no clinical signs of respiratory obstruction and no evidence of polyneuropathy on 
neurologic examination. Dogs are continually monitored to confirm phenotype-negative status. 



We used 118,952 SNP markers for analysis. Genome-wide significance was P<2.7E-6, based on 
Bonferroni correction of P<0.05 for 18,481 haplotype blocks using PLINK. 
Results: This GWAS yielded a significant SNP association with the APN trait at P=6.74E-7. 
Genotypes-phenotype association analysis suggest that APN is an autosomal dominant 
Mendelian trait. 
Discussion: We have identified a candidate locus in the dog genome that associates with a 
naturally occurring degenerative peripheral neuropathy with high prevalence in the most 
common dog breed in the USA. Our results suggest that APN is an autosomal dominant 
Mendelian trait in the Labrador Retriever. The work presented here is expected to enable 
discovery of the APN causal genetic variant. This work is a critical step towards development of 
a naturally occurring animal model for human peripheral neuropathy. 
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Abstract: Peripheral myelin protein 22 (PMP22) is a dosage sensitive, disease-associated protein 
primarily expressed in myelinating Schwann cells. The restricted expression of the PMP22 
protein in comparison to its ubiquitously detected mRNA supports a role for post-transcriptional 
regulation. MicroRNAs (miRNA) are small regulatory molecules that function at a post-
transcriptional level by targeting predominantly 3’UTRs of mRNAs. Previously we 
demonstrated that in rat and mouse Schwann cells PMP22 is post-transcriptionally regulated by 
miRNAs, as over-expression of miR-29a reduces steady-state PMP22 levels, while inhibition of 
endogenous miR-29a relieves the miRNA-mediated repression of the gene (Verrier et al., 2009). 



In the current study we asked if the human PMP22 transcript could be similarly inhibited by 
miR-29a in samples from Charcot-Marie-Tooth 1A (CMT1A) patients and in a rodent model of 
the disease. By bioinformatics we determined that the human PMP22, including the duplicated 
gene in CMT1A patients, indeed contains the full-length 3’UTR, and the conserved seed 
sequence of the miR-29a binding site. Next, using a Luciferase reporter assay in HEK293 cells 
we demonstrated that transfection with a miR-29a mimic, but not with a negative mimic control, 
is associated with an approximately 20% reduction in PMP22-like reporter activity. In dermal 
fibroblasts from CMT1A patients, we detected an elevated expression of PMP22 mRNA, which 
was effectively repressed by approximately 28-50% after transfection with a miR-29a mimic. As 
a control of specificity, a scrambled mimic did not lead to a reduction in PMP22 message levels. 
To further validate this approach, we cultured Schwann cells from the CMT1A mouse model 
named C22, which express approximately 8-10 fold elevated levels of the human PMP22 
mRNA, as compared to the endogenous mouse mRNA. In agreement with data from the 
experiments in human fibroblasts, transfection with a miR29a mimic, but not with control 
scrambled miR, led to a reduction in the human PMP22 mRNA in cultured Schwann cells from 
the C22 mouse. Significantly, the human miR-29a mimic did not affect the expression of the 
mouse transcript, which indicates specificity of this approach. Together these results support 
further studies with miR29a as a potential therapeutic strategy to modulate increased expression 
of PMP22 in Schwann cells from CMT1A patients. 
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Abstract: Stressful events may elicit different levels of arousal responses across individuals, 
leading to a continuum range of adaptive to extreme and maladaptive responses that are 
ultimately involved in disease manifestation. Indeed, hyperactivation of the hypothalamic-
pituitary-adrenal (HPA) axis is a common finding in major depression, leading to increased 
levels of glucocorticoids, which are known to cause oxidative stress imbalance and cellular 
death, particularly in the hippocampus, a key region implicated in mood regulation. We recently 
demonstrated that blockade of adenosine A2A receptors (A2AR) is capable to prevent behavioral 
and synaptic dysfunction in animal models of depression (Kaster et al., PNAS, 2015; Machado et 
al., Molecular Neurobiology, 2016). Thus, A2AR manipulation emerges as and attractive 
neuroprotective strategy to counteract stress effects in brain circuits. The main goal of this study 
was to investigate the effect of A2AR blockade in a model of stress induced by corticosterone in 
HT-22 hippocampal cell line. Western blot analysis demonstrated that HT-22 cells express 
glucocorticoid receptors (GR) and A2AR. Treatment with corticosterone significantly reduced 
the cellular viability evaluated by MTT reduction (24h, 50-1000 µM, p<0.05) and LDH release 
(24h, 500-1000uM, p< 0.05). Corticosterone (50 uM for 24h) also increased cell death assessed 
by propidium iodide (p< 0.05). The immunocontent of the pro-apoptotic protein Bax was 
increased after 24h incubation with corticosterone 50 uM, with no changes in Bcl-2 levels. Also, 
incubation of HT-22 cells with DCFDA demonstrated increased production of reactive oxygen 
and nitrogen species in the first 60 min of exposition. The results were compared using one-way 
ANOVA followed by Duncan post-hoc test).Pre-incubation (24h before) and co-incubation of 
ZM-241385 (a A2AR antagonist, 0.5 uM) and corticosterone (50 uM, 24h) was capable to 
prevent the effects of corticosterone on cell viability. These results were also obtained with the 
GR antagonist RU486 (2.5 e 5 µM) and with the selective serotonin reuptake inhibitor fluoxetine 
(10 uM). The results suggest that blockade of A2AR was capable to prevent the reduction in cell 
viability induced by corticosterone in HT-22 cells, suggesting that A2AR might represent an 
important strategy to counteract the effects of stress. 
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Abstract: Introduction: Microglia activation is the primary hallmark of white-matter injury in 
preterm. Microglia phenotype in vivo and in vitro, following stimulation, has been described as 
pro-inflammatory (M1) and anti-inflammatory (M2). Corticosteroids such as dexamethasone 
(Dex) and hydrocortisone (HC) are well known anti-inflammatory agents extensively used to 
treat or prevent chronic bronchopulmonary dysplasia in preterm. Dex was mainly associated with 
impaired neurodevelopmental outcome. Objective: Compare the effect of hydrocortisone and 
dexamethasone on pro-inflammatory (M1) and anti-inflammatory (M2) pathways in activated 
neonatal microglia. Methods: Primary mixed glial cell cultures were prepared from whole brain 
of P1 Sprague-Dawley rats. Primary microglia culture were isolated from mixed glial cell 
cultures after 14 days in vitro and plated in 6-well plates at a density of 5x105 cells/ml in DMEM 
supplemented with 10% FBS. Forty-eight hours later, microglia were treated with DMEM, LPS 
(1µg/ml) ± Dex (0.5µg/ml) or HC (13.33µg/ml) (n=3 for each condition). After 24h, cells were 
harvested and RNA was collected to evaluate the expression of M1 (iNOS and Il-1β) and M2 (Il-
10 and arginase 1) related genes. Statistical comparisons between groups were done using 
Kruskal-Wallis tests. Results are presented as fold change to DMEM-treated microglia ±SEM. 
Results: LPS caused an activation of primary microglial cell toward an M1 phenotype as seen 
with the increased expression of iNOS and IL-1β. Co-incubation of Dex with LPS prevented the 
induction of M1 genes and induced significant but small increase in IL-10 expression. HC 
prevented the LPS-induced M1 phenotype in microglia without any effect on M2. Conclusion: 
Corticosteroids inhibited LPS-induced M1 activation phenotype in microglia. Dex induced a 
slight increase in the expression of IL-10, a known anti-inflammatory cytokine. An extensive 
study with more animals is underway evaluating a wide array of markers in each pathway. It 
appears that steroids don't have a large impact on neonatal M2 pathway. 

qPCR of rat brain extract 

 LPS LPS+DEX LPS+HC p-value 

Arginase 1 0.87±0.09 0.87±0.06 1.00±0.14 0.1669 

IL-10 1.30±0.13 2.70±0.54 1.80±0.21 0.0006 

IL-1β 75.00±18.00 1.60±0.23 1.20±0.19 0.0044 

iNOS 5782±2473 66.00±32.00 2.50±0.71 0.0006 
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Abstract: Heat shock proteins (Hsps) are a set of highly conserved proteins involved in cellular 
repair and protective mechanisms. They counter protein misfolding and aggregation that are 
characteristic features of neurodegenerative diseases. Hsps act co-operatively in 
disaggregation/refolding machines that assemble at intracellular sites of protein misfolding and 
aggregation. Members of the Hsp40 family act as ‘holdases’ to detect and bind misfolded 
proteins, which are then transferred to members of the Hsp70 family that act as ‘foldases’ to 
refold proteins to biologically active states. Hsp105α is an important additional member of the 
mammalian disaggregation/refolding machine that acts as a ‘disaggregase’ to promote the 
dissociation of aggregated proteins. Components of a disaggregation/refolding machine co-
localized at nuclear speckles following thermal stress in differentiated human SH-SY5Y 
neuronal cells, namely: Hsp70-1 (HSPA1A), Hsp40-1 (DNAJB1), Hsp40-4 (DNAJA1) and 
Hsp105α (HSPH1). Nuclear speckles are rich in mRNA splicing factors, and heat shock is 
known to disrupt mRNA splicing which must recover following stressful stimuli. Interestingly, 
constitutively expressed Hsc70 (HSPA8) also co-localized at nuclear speckles with elements of a 
disaggregation/refolding machine following heat shock. Hence, neurons have the potential to 
rapidly assemble a disaggregation/refolding machine after cellular stress using constitutively 
expressed Hsc70 without the time lag needed for synthesis of stress-inducible Hsp70. 
Constitutive Hsc70 is abundant in particular classes of neurons in the mammalian brain and has 
been proposed to play a role in pre-protecting neurons from cellular stress. 
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Title: Hipoglucemia coma induces overexpression of endoplasmic reticulum stress markers and 
caspase activation in parietal cortex and hippocampus: B-hydroxybutyrate as an alternative 
energy source 
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Abstract: The brain consumes 20% of the total body energy and therefore it requires a 
continuous supply of glucose. Glucose is the main energy source in the brain and when blood 
levels drop below 54 mg/dl, some symptoms arise such as irritability, dizziness, blurred vision, 
confusion and tachycardia. If this condition is not corrected and blood glucose decays to less 
than 20 mg/dl, the hypoglycemic coma (isoelectricity) might occur leading to neuronal death. It 
has been observed that under conditions of prolonged fasting, other energy substrates, such as the 
ketone body, D-B-hydroxybutyrate (BHB) can be used as energy source, as it is converted to 
acetyl coenzyme A (acetyl-CoA). In previous studies we have observed that rats subjected to 
severe hypoglycemia and treated with D-BHB, show decreased cell death in the cerebral cortex. 
Similarly, cortical cultures exposed to glucose deprivation in the presence of D-BHB, preserve 
ATP levels and show increased survival, suggesting that D-BHB can be used as an alternative 
energy source in these conditions (Julio-Amilpas et al. 2015. J.Cereb. Blood Flow Metab 35:851-
60). One of the most energy demanding cellular processes is protein synthesis and disruption of 
the endoplasmic reticulum (ER) homeostasis during energy failure, can block protein synthesis 
through the unfolded protein response (UPR). The UPR is triggered through the activation of 
three sensors able of detect the accumulation of misfolded proteins. One of them is the PERK 
pathway; under ER stress, GRP78 dissociates from PERK and triggers its dimerization and 
activation. PERK phosphorylates eIF2a, which inhibits global protein synthesis, alleviating ER 
stress. However, if ER stress persists, eIF2a promotes the translation of the mRNA of the 
transcription factor ATF4, which up-regulates chop gene expression. CHOP protein promotes the 
mitochondrial apoptosis pathway by the down regulation of Bcl-2. We have observed that rats 
subjected to the hypoglycemic coma, show an increase in the protein content of GRP78, ATF4 
and CHOP, as well as an increase in eIF2a phosphorylation in the parietal cortex and the 
hippocampus. We also observed the proteolytic activation of caspase-7 and caspase-12. These 



effects are attenuated when rats are treated with BHB. Results suggest that the hypoglycemic 
coma induces ER stress, which is possibly involved in apoptotic neuronal death and that 
attenuation of ER stress by D-BHB treatment might contribute to its protective action against 
neuronal death. 
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Authors: *K. NAGAI, H. SHIRAZAWA;  
Dept. of Nutr., Koshien Univ., Takarazuka-Shi, Japan 

Abstract: Histone deacetylase (Hdac) inhibitors are focused on the preventing function against 
neurodegenerative diseases. However, the specificity of Hdac inhibition and the detailed 
mechanisms on neuroprotection are remained unsolved. We previously observed that Hdac 
inhibition protected Neuro2a cells from endoplasmic reticulum induced cell death which is 
known to causes some neurodegenerative diseases, and increased intracellular mitochondria in 
Neuro2a cells. Thus, we hypothesized that Hdac inhibition protected the neuronal cells via 
mitochondrial enhancement. In this study, we analyzed effects of subtype specific Hdac 
inhibitors on the mitochondrial activity and protective functions against endoplasmic reticulum 
stress inducers, tunicamycin, thapsigargin, or amyloid β 1-40 in Neuro2a cells. Mitochondrial 
activities were analyzed by image-based cytometry analysis of the cells stained with 
mitochondrial membrane potential dependent fluorescent dye JC-1. Broad Hdac inhibitor sodium 
butyrate increased the number of the cells with high amount of mitochondria. Regarding subtype 
specific Hdac inhibitors, Hdac1 and 3 specific inhibitor MS-275 increased the number of the 
cells with high amount of mitochondria, but Hdac2 specific inhibitor apicidin and class IIA Hdac 
inhibitor MC1568 did not. The mitochondria increasing effect of MS-275 was inhibited by 
bromodomain inhibitor JQ1. It suggests that the effect is Hdac associated transcription was 



involved in the mitochondrial enhancement. Regarding cell protective effect, MS-275 attenuated 
tunicamycin, thapsigargin, and amyloid β 1-40 toxicity. And these protective effects were 
reduced in the presence of JQ1. It suggests that inhibition of Hdac 1 and/or 3 protects Neuro2a 
cells from endoplasmic reticulum stress induced toxicity. Our data suggest that inhibition of 
Hdac 1 and/or 3 protects neuronal cells from endoplasmic reticulum stress via mitochondrial 
enhancement, and the mitochondrial effect might contribute neurodegeneration preventing 
effects of Hdac inhibitors. 
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Title: Inhibition of autophagy by activation of M3 muscarinic acetylcholine receptors in human 
SH-SY5Y neuroblastoma cells. 

Authors: *P. ONALI, S. DEDONI, M. C. OLIANAS;  
Univ. of Cagliari, Dept.Biomedical Sci., Monserrato, Italy 

Abstract: Muscarinic acetylcholine receptors (mAChRs) have been shown to regulate neuronal 
cell proliferation and differentiation and to protect neuronal cells from apoptosis induced by a 
variety of insults. However, relatively little is known on the ability of mAChRs to regulate 
autophagy, an evolutionary conserved cellular response to different physio-pathological 
conditions. In the present study, we investigated the effect of mAChR stimulation on autophagy 
induced in human SH-SY5Y neuroblastoma cells by removal of serum and L-glutamine from the 
growth medium. Autophagy was monitored by measuring the levels of the autophagosome 
marker LC3-II and the autophagy substrate p62. We found that cell exposure to the cholinergic 
agonist carbachol (CCh) (30 µM) inhibited LC3-II accumulation and enhanced the levels of p62. 
The effects of CCh were mimicked by the mAChR agonist oxotremorine-M (100 µM) and 
blocked by atropine or the M3 mAChR-preferring antagonist darifenacin, but not MT7, a 
selective M1 mAChR blocker. CCh inhibition of autophagy was counteracted by blockade of 
Gq/11 with YM254890 and protein kinase C (PKC) with Go6983, bisindolylmaleimide and 
chronic treatmen with phorbol 12-myristate 13-acetate. Cell treatment with the mammalian target 
of rapamycin complex 1 (mTORC1) antagonist rapamycin completely suppressed CCh-induced 



phosphorylation of S6 ribosomal protein, a mTORC1 target, and prevented the inhibitory effect 
of CCh on autophagy. These data indicate that in SH-SY5Y cells activation of Gq/11-coupled M3 
mAChRs inhibits starvation-induced autophagy by activating the PKC-mTORC1 signaling 
pathway. 
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Title: Ceftriaxone attenuates chronic mild stress induced spatial learning and memory deficits. 
Correlation with hippocampal NeuN and c-Fos expression. 
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Philadelphia, PA 

Abstract: Prolonged exposure to stress can result in a depressive state that is associated with 
hippocampal damage and learning and memory deficits that may be related to increased brain 
glutamate levels. The beta-lactam antibiotic ceftriaxone reduces extracellular glutamate by 
activating the glutamate transporter and enhancing synaptic glutamate clearance. The present 
study examined the effects of ceftriaxone on chronic mid stress (CMS)-induced depressive-like 
behavior and spatial learning and memory performance in rats. Twenty-five day CMS did not 
result in depressive-like behavior measured by sucrose preference and open field tests. However 
CMS resulted in acquisition and expression learning and memory deficits in Morris Water Maze 
performance. These deficits were attenuated by administration of ceftriaxone during stress 
exposure. Ongoing immunohistochemical studies will attempt to correlate hippocampal 
expression of c-Fos and NeuN with behavioral measures. These results suggest that stress-
induced deficits in learning and memory are associated with increased brain glutamate levels and 
that these deficits can be prevented by enhancement of synaptic glutamate clearance. 
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Title: Control of neuronal inositol 1,4,5-trisphosphate receptor mediated calcium signaling by 
steroid hormone receptors 

Authors: *P. KOULEN, A. A. LOPEZ, J. C. MEANS;  
Basic Med. Sci. & Ophthalmology, Univ. of MO - Kansas City, Kansas City, MO 

Abstract: Controlling the cytoplasmic concentration of free calcium ions (Ca2+) is essential for 
the physiological activity of neurons and for neuronal survival under disease conditions. At the 
same time, the steroid hormones progesterone and the estrogen 17β-estradiol have been 
identified as neuroprotective and critical for proper neuronal viability. The present study 
determined novel mechanisms of action how signaling mediated by the interaction of inositol 
1,4,5-trisphosphate receptors with steroid hormone receptors controls the intracellular Ca2+ 
concentration in neurons. Specifically, it was identified how direct binding of cytoplasmic 
estrogen receptors to inositol 1,4,5-trisphosphate receptors affects the activity of this major type 
of ligand-gated intracellular Ca2+ release channels in neurons. Using immunochemistry, optical 
imaging and electrophysiology, as well as immunochemical assays for determining protein-
protein binding, changes in the activity of inositol 1,4,5-trisphosphate receptors after binding of 
steroid hormone receptors were determined. Binding of steroid hormone receptors to the 
intracellular Ca2+ release channel resulted in distinct changes in both channel open frequency as 
well as the number of channel openings at the single channel level and preservation of key 
biophysical parameters of the channels such as single channel conductance. These molecular 
changes in channel open probability were mirrored at the cellular level by altered release of Ca2+ 

from intracellular stores and altered susceptibility of neurons to disease stimuli. The work 
indicates that neuronal Ca2+ signaling mediated by inositol 1,4,5-trisphosphate receptors as Ca2+ 
dependent intracellular Ca2+ release channels is critically modulated by steroid hormone receptor 
binding. Such signaling controlled by protein-protein interactions in the central nervous system 
potentially provides a novel mechanism for drug development in the area of neurodegeneration. 
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Abstract: Because different neurodegenerative diseases share common pathological elements 
including neuroinflammation, calcium dyshomeostasis, excitotoxicity, blocked autophagy and 
cytoskeletal disruption it seems plausible that common junction points in cellular 
pathophysiology might be found such that one could treat a broad spectrum of neurodegenerative 
disorders with the same therapeutic agent. We have accumulated a body of data that bioavailable 
derivatives of the natural brain sulfur amino acid metabolite, lanthionine ketimine (LK) have 
potent neuroprotective and neurotrophic properties and treat preclinical models of diverse 
neurodegenerative conditions by a novel mechanism. In particular LK-ethyl ester (XN001) slows 
disease or reduces histopathological correlates of injury in mouse models of amyotrophic lateral 
sclerosis (ALS); Alzheimer’s disease; Batten disease (BD); glioma; multiple sclerosis; stroke and 
traumatic brain injury. XN001 acts in a novel fashion to bind the microtubule-associated protein 
CRMP2 (collapsin response mediator protein-2) to influence its conformation and sensitivity to 
phosphorylation. In stem cell derived neurons XN001 inhibits CRMP2 phosphorylation and 
promotes complex association of CRMP2 with Vps34 autophagy complex including AMBRA1 
and beclin-1 and induces autophagy flux. In iPSC-derived neurons from Batten disease patients 
bearing a common 1kb deletion in Cln3 (Battenin), CRMP2 phosphorylation is increased and 
autophagy flux is decreased which underlies CLN3-linked BD pathology. XN001 overcomes 
these impairments and normalizes CRMP2 phosphorylation as well as autophagy progression. In 
the Cln3Δex7/8 mouse model of BD, we show that in aging Cln3Δex7/8 mouse brain CRMP2 



becomes hyperphosphorylated. Of practical importance to BD, XN001 significantly reduces 
autofluorescent ceroid in the cerebellum of these mice. These findings are discussed with 
reference to possible clinical utility of XN001 to treat a broad spectrum of neurodegenerative 
diseases involving pathological hyperactivation of CRMP2. KH is inventor of LKE; KH, LBW, 
and IN have financial interests in XoNovo. 
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Title: Phosphonate analogues of lanthionine ketimine as stimulators of cellular autophagy: 
development of small molecule treatments for neurological disorders 

Authors: *T. T. DENTON1, D. SHEN2, A. HRISTOV3, K. VENKOVA-HRISTOVA3, K. 
HENSLEY3;  
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Abstract: Lanthionine ketimine (LK) is a natural amino acid metabolite found at low 
concentrations in mammalian brain tissue. LK and its synthetic ester derivative, LKE (XN-001) 
have potent neuroprotective, neurotrophic and anti-neuroinflammatory properties and increase 
autophagy in neurons and glia. In published and ongoing studies, LKE shows benefit in diverse 
preclinical models of Alzheimer’s disease; amyotrophic lateral sclerosis; Batten disease; glioma; 
multiple sclerosis; traumatic brain injury and stroke. Using LK and LKE as lead compounds, we 



have recently developed novel chemical approaches that allow access to new regions of 
structure-activity space around the LK core structure by replacing the carboxyl group on position 
3 of LK with a phosphonate group (LK-P) either with retention or removal of the carboxylate 
group on position 5. We are assessing bioavailability and activity in an RG2 glioma cell based 
autophagy assay, employing quantitative western blot densitometry, wherein the new compounds 
were shown to increase autophagic flux evidenced by the compounds’ ability to increase 
phosphatidylethanolamine conjugation to microtubule associated protein 1 light chain 3 (LC3-I 
➔ LC3-II conversion) in the presence of bafilomycin-A1. These results suggest that phosphonate 
analogues of LK retain cell penetrating ability and bioactivity with respect to autophagy 
stimulation in glial cell culture. 
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Title: Acute and chronic tissue effects of focused ultrasound neuromodulation assessed at the 
cellular and bulk tissue scale 

Authors: *I. GUMENCHUK, J. A. N. FISHER;  
Physiol., New York Med. Col., Valhalla, NY 

Abstract: The use of transcranial low intensity focused ultrasound (FUS) is an emerging 
neuromodulation technique that shows promise for both therapeutic and research applications. In 
humans, for example, FUS can modulate EEG (Legon et al., Nat. Neurosci. 2014) and has been 
shown to affect mood (Hameroff et al., Brain Stim. 2013), suggesting general utility in treating 
psychiatric conditions for which the neural basis is not well understood. Compared with other 
noninvasive neuromodulation techniques such as transcranial magnetic stimulation (TMS), key 
technical advantages include high lateral resolution of stimulation (millimeter scale) at deep 
penetration depths (~10 cm) as well as increased MRI compatibility. With an eye toward 
eventual clinical implementation of the technology, a central criterion of regulatory agencies is 
that radiation emitting devices do not cause tissue modification. We explored potential 
biomarkers for adverse tissue effects by using real-time optical imaging as well as histological 
analysis following exposure to FUS with parameters previously utilized in the literature. Using a 
custom ultrasonic transducer apparatus that permits simultaneous optical imaging at the focus, 
we observed in brain slices, above ultrasound intensities sufficient to evoke motor responses but 
well below the regime of high-intensity focused ultrasound (HIFU), the emergence of focal 
lesions with increasing durations of exposure to pulsed ultrasound. The mechanical effect varied 
depending on the targeted brain region and stimulation parameters, and differed as well between 
the mouse and rat. At longer FUS exposures, we observed in survival experiments elevated 
levels of glial fibrillary acidic protein (GFAP) expression as well as evidence of 
neurodegeneration (via Fluoro Jade staining) as early as 24 hours post FUS and persisting at least 
72 hours. At shorter US exposures, we observed less intense, diffuse patterns of expression and 
neurodegeneration that were nonetheless confined to the hemisphere of sonication. Consistent 
with the measured axial intensity profile at the acoustic focus, altered GFAP and Fluoro Jade 
labeling was observed at regions well below the cortex, most notably in the hippocampus and 
corpus callosum. Our results suggest that rather than a specific damage threshold, there appears 
to be a gradation of chronic tissue effects that result from exposure to the upper range of 
previously employed FUS neuromodulation parameters. 
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Abstract: Chronic craniofacial pain is a devastating condition that significantly disables those 
who suffer from it. Despite being a well-known disease entity, little is understood about the 
pathophysiology. Further, there are few treatment options that provide any consistent or long-
term solutions to the chronic pain (treatments may include pharmacological approaches or 
surgical approaches). Thus, the treatment of patients with chronic craniofacial pain presents a 
challenge to clinicians and researchers. In a readdress, we are presenting novel application of 
gene-based neuromodulation for the control of craniofacial pain, using established rodent models 
of Temporomandibular joint disorder (TMJD) and Trigeminal Inflammatory Compression (TIC) 
to assess efficacy. The TMJD model is a model for chronic nociceptive pain (pain caused by 
stimulation of pain receptors), while the TIC model is a model for neuropathic pain (pain caused 
by injury to the nerve). We show proof-of-concept results for the delivery of transgenes that are 
designed to affect the process of neural transmission and were delivered to the trigeminal pain 
pathway (i.e. pathways such as the Trigeminal Ganglion and Spinal Nucleus of V). The utility of 
different viral vector-based delivery systems and routes is also discussed for the two rodent 
models and compared. As a translational laboratory, our ultimate intention is to develop a gene-
based neuromodulatory therapy that can be validated through human clinical trials. 
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Abstract: Glutamate serves multi-faceted (patho)physiological functions in the central nervous 
system as the most abundant excitatory neurotransmitter and under pathological conditions of 
ischemic stroke as a potent neurotoxin. Glutamate oxaloacetate transaminase (GOT) has emerged 
as a new therapeutic target against ischemic stroke by metabolizing neurotoxic glutamate. In 
search of a small molecule inducer of GOT, we identified Biochanin A (BCA) as the most potent 
phytoestrogen isoflavone that increases GOT expression in neuronal cells. Here we hypothesize 
that BCA induces GOT expression by an estrogen related receptor alpha (ERRα) dependent 
mechanism. To test this hypothesis, neuronal cells in culture were treated with BCA. BCA 
treated cells showed significant increase in ERRα mRNA at 6h and GOT mRNA and protein 
expression at 24h. Cells treated with BCA were significantly protected against glutamate 
toxicity. Notably, this protection was lost in BCA treated cells when GOT was knocked down. 
To validate these findings in vivo, C57Bl/6 mice were intraperitoneally injected with either 
vehicle control (75% DMSO in water) or BCA (5 or 10 mg/kg body weight) daily for 4 weeks. 
Following delivery, mice were subjected to ischemic stroke using the intraluminal thread method 
of middle cerebral artery occlusion (MCAO). BCA levels were significantly increased in blood 
and brain of IP-injected mice as measured by HPLC. Immunohistochemical analysis confirmed 
increased expression of GOT in brain. BCA treatment significantly improved post-stroke 
sensorimotor function and attenuated stroke-induced lesion volume as measured by MRI. In this 
work we have identified BCA as a natural small molecule inducer of GOT. BCA is a safe, 
naturally occurring phytoestrogen isoflavone that represents a therapeutic target that lends itself 
to be translated to clinical study. 
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Title: CD163 has distinct temporal influences on intracerebral hemorrhage outcomes 
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Abstract: Hemoglobin (Hb)/heme-induced toxicity following intracerebral hemorrhage (ICH) is 
a precipitating factor for neuroinflammation and secondary brain injury, which results in 
irreversible brain damage and enduring neurological deficits. The haptoglobin (Hp)-CD163 
scavenging system is the primary defense mechanism in the body against the deleterious effects 
of extracorpuscular Hb/heme. Hp immediately and irreversibly binds any free Hb, and the 
complex is endocytosed by cells of the monocyte lineage via the CD163 receptor. When Hp 
levels are depleted, CD163 has been reported to directly decrease the toxic effects of Hb through 
direct binding. CD163 also has potent anti-inflammatory properties participating in the 
downregulation of inflammatory responses. This study is the first to investigate the role of 
CD163 after ICH. ICH was induced in wildtype and CD163-/- mice and various anatomical and 
functional outcomes were temporally assessed by histology and neurobehavioral testing. At 72h, 
CD163-/- mice have 33.2±4.5% and 43.4±5.0% smaller lesion and hematoma volumes, 
respectively, which are associated with 34.8±3.4% less perihematomal tissue injury (n=19-
20/group, p<0.0001). These anatomical improvements were accompanied by significantly less 
neurological deficits, as identified by neurological deficit scoring and rotarod performance. At 
10d, CD163-/- mice have 49.2±15.0% larger lesion volumes and worse neurological deficits, as 
identified by neurological deficit scoring and open field ambulatory ability (n=11-12/group, 
p<0.05). Mortality analyses and regressions of the neurobehavioral results identified the 
inflection point at 4d post-ICH. Mortality on or before day 4 (total deaths, n=13) and after day 4 
(total deaths, n=9) significantly differed between the groups (p = 0.0390). WT mice accounted 
for the majority of deaths on or before day 4 compared to CD163 mice (76.9% vs. 23.1%). 
Immunohistochemical staining for heme oxygenase 1, iron, GFAP, IgG, Hb, VEGF, and 
PECAM-1 also revealed distinct temporal-dependent mechanistic changes. These novel findings 
reveal that CD163 has distinct temporal influences on ICH outcomes, with early beneficial 
effects but delayed injurious properties, signifying a discrete therapeutic window. 
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Title: Sexually differentiated TrkB phosphorylation is dependent on estrogen receptor alpha in 
hippocampal neurons 
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Abstract: Male neonate brains are more susceptible to the effects of hypoxia-ischemia (HI) 
related brain injury. Sex differences in expression and actions of neurotrophins may account for 
sexually differentiated consequences of HI. Our recent findings reveal that tyrosine kinase B 
receptor (TrkB) agonist, 7,8-dihydroxyflavone (7,8-DHF), exerts a profound neuroprotective 
effect in the hippocampi of female but not male neonate mice through phosphorylation of the 
TrkB post-HI (in-vivo). Differential hippocampal TrkB phosphorylation is associated with 
increased hippocampal ERα expression in ERα+/+ female mice and gets ablated in ERα-/- female 
mice. These results suggest a role of ERα in conferring responsivess to TrkB phosphorylation in 
female mice only. We hypothesized that differential ERα expression followed by TrkB 
phosphorylation and neuroprotection takes place in hippocampal neurons after in-vitro ischemia. 
Sexed hippocampal primary neuronal cultures were prepared from P1 C57BL/6J ERα+/+ and 

ERα-/- mice in estrogen free medium and exposed to either normoxia or OGD for 4 h at DIV 7 
followed by VC or 7,8-DHF treatment. After 24 h REOX, cells were stained for cell survival and 
p-TrkB. Expressions of ERα and aromatase were performed 3 and 24 of REOX using qPCR. For 
multiple comparisons ANOVA was used. 7,8-DHF enhanced TrkB phosphorylation in a dose 
responsive manner and promoted cell survival only in ERα+/+ female hippocampal neurons 
following OGD-REOX (p < 0.05). HI and 7,8-DHF mediated increases in TrkB phosphorylation 



was ablated in ERα-/- male and female hippocampal neurons. Four h of OGD and 3 h of REOX 
induced higher ERα mRNA expression only in ERα+/+ female hippocampal neurons. No 
differences were detected in aromatase mRNA expressions. Sexually differentiated TrkB 
phosphorylation in response to in-vitro ischemia enhanced with TrkB agonist therapy in the 
female hippocampal neurons is dependent on ERα and can be ligand independent. Future 
research will attempt to identify the mechanisms in which TrkB and ERα are related following 
in-vitro ischemia in hippocampal neurons. By understanding the sexually differential role of 
ERα-TrkB interaction in neuronal survival, we hope to provide novel insights into the etiology 
and targeted therapies post- HI. 
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Abstract: Background Neutrophils are rapidly mobilized following acute brain injury and 
associated with MMP-9 release due to degranulation. Elevated MMP-9 levels are associated with 
blood brain barrier damage, cerebral edema, hemorrhagic transformation and expansion. TPA 
induces neutrophil degranulation. In this study, we compared the inhibition of TPA-induced 
neutrophil degranulation and MMP-9 release ex vivo, in neutrophils isolated from healthy 
individuals and patients with intracerebral hemorrhage (ICH). Methods Neutrophils were 
isolated from blood samples obtained from patients with ICH (within 24 hrs of symptom onset 
and daily; admission days 1-4) and healthy controls (N=4). Isolated neutrophils were plated on a 
24-well poly-L-lysine coated tissue dish. This was followed by preincubation with sulfasalazine 
or pentoxyfylline for 30mins followed by addition of TPA (3mg/ml) and then incubated for 20, 
30, 40 and 60mins. Cell media was removed and analyzed for proMMP-9 activity by gelatin gel 



zymography. Band intensity corresponding to pro-MMP9 and active MMP-9 were quantified 
using ChemiDoc MP Imager. Results In both healthy controls and ICH patients, degranulation 
and release of proMMP-9 was observed in neutrophils incubated with TPA at all time points. In 
healthy controls, preincubation with sulfasalazine (10uM, 20uM, 50uM and 100uM) or 
pentoxyfyline (1nM) for 30mins followed by addition of TPA achieved 50% reduction in release 
of proMMP9 at all time points. However, in neutrophils obtained from ICH patients, 50% 
reduction in proMMP-9 was only observed in neutrophils obtained within 24 hrs of symptom 
onset (admission day 1 of ICH). Sulfasalazine and pentoxyfyline had no effect in blocking TPA 
induced degranulation of neutrophils obtained greater than 24 hrs of symptom onset (admission 
day 2-4 of ICH). Conclusion Sulfasalazine and pentoxyfyline ex-vivo inhibition of TPA induced 
neutrophil degranulation is more effective in the early phase of acute brain injury (within 24 hrs 
of symptom onset) but not in later isolations likely as a result of neutrophil priming and 
activation. 
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Abstract: Occludin is one of the key tight junction (TJ) proteins in endothelial cells and it plays 
an important role in modulating blood brain barrier (BBB) function. This protein (65kDa) has 
been shown to engage in many signaling pathways and subjected to phosphorylation by a 
number of protein kinases. Activation of endothelial cells by pro-inflammatory cytokines and 
endotoxin (lipopolysaccharides, LPS) may alter TJ proteins and BBB functions. Here we 
describe the responses of occludin in immortalized human cerebral endothelial cells (hCMEC/D3 
cells) stimulated by TNFα, IL-1β and LPS. Exposing cells to TNFα resulted in a rapid and 
transient band shift of occludin suggesting an increase in phosphorylation whereas IL-1β and 
LPS produced significantly less effects on the band shift. TNFα also caused transient stimulation 



of p38MAPK and ERK1/2 in hCMEC/D3 cells, and TNFα-induced occludin phosphorylation 
was suppressed by SB202190, inhibitor for p38MAPK. Cells treated with TNFα for 24h resulted 
in cell morphology changes, a decrease in the expression of occludin, and enhanced endothelial 
permeability, as determined by the FITC-dextran assay and TEER measurement with cells grown 
in transwell inserts. In addition, TNFα-induced reduction of occludin was abrogated by 
SB202190. Collectively, these data demonstrate effects of TNFα on occludin and cerebral 
endothelial cell function through the activation of p38MAPK pathway. 
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Title: The mammalian specific protein ARMCX1 promotes mitochondrial transport, neuronal 
survival and axonal regeneration 
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Abstract: Whether and how mitochondrial dynamics impact neuronal injury responses, such as 
neuronal survival and axon regeneration, remain unknown and untested. Here we find that 
ARMCX1, a mammalian-specific gene that encodes a mitochondrial localized protein, was 
significantly up regulated in injured mouse retinal ganglion cells (RGCs) with co-deletion of 
PTEN and SOCS3 (dKO), an established model of robust axon regeneration. ARMCX1 over-



expression enhances mitochondrial transport in both adult RGCs and embryonic mouse cortical 
neurons. ARMCX1 is necessary for dKO RGCs axonal regeneration and neuronal survival as 
ARMCX1 knockdown drastically impaired axonal re-growth and neuroprotection after optic 
nerve crush in adult mice. ARMCX1, but not an ARMCX1 mutant that does not localize to 
mitochondria, promotes both neuronal survival and axonal regeneration. Moreover, ARCMX1 
can induce axon regenerations from RGC subtypes that are refractory to PTEN-deletion 
manipulation alone. Thus ARMCX1 represents a potential new target for designing neural 
protective and repair strategies after injury. 
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Title: Distinct signaling pathways underlie neurophysiological effects of toll-like receptor 4 
signaling in the normal and injured brain 
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Abstract: Concussive brain injury results in neuronal degeneration, reactive astrocytosis and 
enhanced excitability in the hippocampal dentate gyrus, increasing the risk for epilepsy and 
memory dysfunction. Endogenous molecules released during injury can activate innate immune 
responses including toll-like receptor 4 (TLR4). Enhanced neuronal TLR4 signaling contributes 
to an increase in dentate excitability after TBI. In contrast, TLR4 agonists reduced excitability in 



uninjured rats suggesting that TLR4 signaling engages distinct molecular effectors in the control 
and injured brain. Here, we examine potential mechanisms and consequences of suppressing 
TLR4 signaling. Wistar rats (25-27 days old) were subject to sham- or moderate fluid percussion 
injury (FPI). The effects of specific antagonists on perforant path-evoked dentate population 
responses were analyzed in hippocampal slices obtained one week after injury. 
Neurophysiological outcomes were examined in rats treated with focal (LPS-RS-U) or systemic 
(CLI-095) TLR4 antagonist or vehicle. Similar to acute incubation, CLI-095 (i.p) decreased 
afferent-evoked dentate population spike amplitude 1 week after FPI yet enhanced dentate 
excitability in shams. Pre-incubation of hippocampal slices in glial metabolic inhibitors blocked 
TLR4 ligand modulation of dentate excitability in shams but not after FPI. TNFα inhibitor 
eliminated TLR4 agonist modulation of excitability in slices from both sham and FPI suggesting 
a novel neuronal TLR4-TNFα signaling after brain injury. Working memory function on a 
delayed match to sample Morris Water Maze task was impaired for one month after FPI and 62% 
of FPI rats developed of spontaneous seizures. Both focal and systemic TLR4 antagonist 
administration 24 hrs after FPI improved working memory function at 1 week and 1 month post-
FPI. The treatments also prolonged the latency to kainic acid induced seizures and reduced 
seizure severity (by Racine scale) after injury. The same treatments impaired working memory 
function and enhanced seizure severity in shams. Delayed TLR4 antagonism one month after 
injury failed to limit seizure susceptibility. These data demonstrate differential involvement of 
glia and identify a potential role of neuronal TNFα in TLR4 signaling in the normal and injured 
dentate gyrus. The results show that early post-injury TLR4 antagonism alleviates long-term 
behavioral deficits and reveals adverse treatment outcomes in controls. Thus, selectively 
targeting the processes underlying pathological TLR4 signaling may be efficacious in reducing 
epilepsy and memory impairments after brain injury. 
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Title: High sodium diet increases Th17 differentiation and promotes neurovascular and cognitive 
dysfunction through IL-17 and Rho kinase-dependent eNOS inhibitory phosphorylation 
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Abstract: High sodium diet (HSD) is thought to be a risk factor for stroke and dementia, 
independent of its effect on blood pressure (BP), but the mechanisms remain unclear. Therefore, 
we sought to investigate the cerebrovascular and cognitive impact of HSD. To this end, we fed 
HSD (4-8% NaCl) to C57BL/6 mice for 12 weeks and assessed cerebral blood flow (CBF) in the 
somatosensory cortex by laser-Doppler flowmetry. HSD did not increase BP (Control: 
76.9±3.0mmHg; HSD: 76.3±1.6mmHg), but attenuated the CBF increase induced by neocortical 
application of acetylcholine (ACh) (-30.6±0.5%; p<0.05; n=8), a response mediated by 
endothelial nitric oxide synthase (eNOS), without affecting the response to the smooth muscle 
relaxant adenosine (p>0.05). These vascular changes were associated with a deficit in novel 
object exploration (Novel Object Exploration Time: ND 71±1.5%; HSD 54±1.8%; p<0.05; 
n=20), suggesting cognitive impairment. The impairment of the ACh response induced by HSD 
was associated with an increase in inhibitory eNOS phosphorylation (≈1.6 fold increase vs ND; 
p<0.05; n=7) in pial microvessels. Since HSD may lead to the expansion of intestinal helper T 
cells producing the vasotoxic cytokine IL17 (Th17 cell) (Nature, 496:518-22, 2013), we 
investigated whether IL-17 contributes to the effects of HSD. HSD increased the number of 
intestinal Th17 cells, assessed by flow cytometry (ND 211±45/cm; HSD 691±114/cm; p<0.05; 
n=8), as well as IL-17 plasma levels (ND 0.9±0.2pg/ml; HSD 6.5±1.4pg/ml; p<0.05; n=5). 
Consistent with a role of lymphocytes, the HSD-induced attenuation of the ACh CBF response 
was not observed in Rag1-/- mice, which lack both T and B lymphocytes. Furthermore, deletion 
of IL-17 or systemic administration of an IL-17 blocking antibody reduced plasma IL17, 
prevented inhibitory eNOS phosphorylation, and rescued the vascular and cognitive effects of 
HSD, whereas chronic injection of IL-17 reproduced fully the neurovascular effects of HSD. In 
brain endothelial cell cultures, IL-17 suppressed endothelial NO production in vitro, an effect 
associated with Rho-kinase-dependent increases in inhibitory eNOS phosphorylation. We 
conclude that HSD induces profound alterations in neurovascular regulation and cognitive 
function. The effect is mediated by expansion of intestinal Th17 cells, resulting in increases in 
circulating IL-17, which, in turn, lead to Rho kinase-induced inhibitory eNOS phosphorylation 
and reduced NO production. The data suggest a mechanism for the increased risk of stroke and 
dementia with HSD, and a putative therapeutic target for the deleterious effects of high salt on 
the brain. 
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Abstract: Proprioception is critical for effective planning and real-time control of movement. 
Unfortunately, proprioception can be impaired after stroke. Our long-term goal is to develop 
technologies that provide supplemental sensory feedback, via vibrotactile stimulation, to restore 
closed-loop control of the arm in stroke survivors who lack proprioceptive integrity. As a first 
step, we test the null hypothesis that vibrotactile stimulation of the different dermatomes within 
the arm give rise to similar perceptions (e.g., vibrotactile discrimination thresholds). The results 
of this study will allow us to determine whether some dermatomes are better suited than others as 
stimulation sites for providing supplemental kinesthetic feedback. 
Eight neurologically intact subjects (age: 22 to 29 years) consented to participate in a two-
alternative forced choice experiment. 10mm coin-motor “tactors” (Precision Microdrives, Ltd.) 
delivered vibratory stimuli at 5 different locations on the arm and hand (dermatomes C5, C7, C8, 
T1 and on the Ulnar Head, UH). Presentation of stimulus pairs conformed to the method of 
constant stimuli, wherein the standard vibratory stimulus was always presented at a frequency of 
122 Hz. The probe stimulus could take on one of 10 different intensity values, spanning the 
range from 60 Hz to 172 Hz. 550 stimulus discrimination trials were presented in a single 
experimental session. Psychometric function estimation found the discrimination thresholds for 
the five locations to be: C5 = 22.7 Hz ± 11.7 (mean ± SEM), C7 = 16.3 Hz ± 11.8, C8 = 24.1 Hz 
± 11.4, T1 = 27.7 Hz ± 11.0, and UH =19.4 Hz ± 10.9. Mixed model ANOVA found a 
significant difference in perception of vibrotactile stimuli across dermatomes. Post-hoc t-test 
found the discrimination threshold at C7 was significantly less than at T1 (p=0.004). Mean 



discrimination thresholds at C5, C8, and UH did not differ from those at C7 or T1 (p>0.05 all 
cases). 
As dermatome C7 had a significantly lower threshold than dermatome T1, we rejected the null 
hypothesis. Pacinian Corpuscles (PCs) which sense vibration on the skin, are sensitive to 
vibrations within the 50-350 Hz range (~300 Hz bandwidth). Thus, dermatome C7 can detect 
differences in stimulation frequency as small as ~5% of the PC full dynamic range. By contrast, 
C8 and T1 exhibited discrimination thresholds ~9% of the PC range. Thus, sensory augmentation 
and/or substitution via vibrotactile stimulation may exhibit constraints imposed by limited acuity 
of vibrotactile sensation. Future work should explore ways to enhance vibrotactile acuity in 
frequency discrimination and closed-loop control. Supported by NIH R01HD053727. 
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Title: Resting state EEG power predicts peripheral neuromodulatory outcomes 

Authors: N. NATRAJ, A. TSU, *K. GANGULY;  
UCSF, San Francisco, CA 

Abstract: Somatosensory peripheral nerve stimulation (PNS) is a promising method to promote 
motor recovery after stroke or brain injury. While past studies have indicated that there are 
significant effects of PNS on motor function, the underlying neural substrates are unclear. To this 
end, we conducted a pilot study to determine the neural correlates (via EEG) of PNS treatment 
on improvements in affected finger fractionation ability. Eight participants with a 6-month or 
greater history of acquired brain injury and distal upper limb motor impairment received a single 
two-hour session of submotor/suprasensory threshold stimulation using a transcutaneous 
electrical nerve stimulation (TENS) unit applied to the affected hand. Resting state EEG data 
over bilateral sensorimotor electrodes and finger fractionation ability were collected both pre and 
post PNS. PNS resulted in a significant drop in resting state low frequency power over 



ipsilesional cortex at the group level, especially over ipsilesional motor cortex. Furthermore, the 
loss of ipsilesional motor cortex power was a significant predictor of individual fractionation 
improvements due to PNS in a ridge regression model. Results in this study warrant further 
investigations to optimize PNS for promoting hand dexterity recovery after acquired brain injury 
specifically targeting the aforementioned biomarker. 

Disclosures:  N. Natraj: None. A. Tsu: E. Ownership Interest (stock, stock options, royalty, 
receipt of intellectual property rights/patent holder, excluding diversified mutual funds); 
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options, royalty, receipt of intellectual property rights/patent holder, excluding diversified mutual 
funds); Intellectual property rights/patent holder. 
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Abstract: Therapeutic approaches in ischemic insult treatment include wide range technologies. 
One of these technologies is lentiviral delivery of neurotrophins. The popular sites of delivery 
are brain ventricles. And the main measure of such treatment effectiveness is volume of infarct 
size In the present study, we examined the influence of neurotrophins on the morphology of 
neurons and astrocytes in ischemic penumbra. We injected lentiviral suspension in cerebral 
cortex 2 weeks before photothrombotic insult in rats. On the second day after insult rats were 
sacrificed, parallel brain slices were stained by Toluidine Blue or by antibodies to GFP, GFAP, 
and DAPI. The area of parenchymal delivery of neurotrothins was overlapped with the area of 
ischemic penumbra. In this overlapping area we analyzed morphology of neurons. The 
neurotrothins injection leads to decrease of dark pyramidal neurons in V layer of cerebral cortex. 
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Title: Extracellular matrix structures and modulators in the rat somatosensory cortex: molecular 
substrates for experience-dependent plasticity during stroke recovery 
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Abstract: Stroke can be conceived as a site of complete cellular death surrounded by tissue that 
undergoes reorganization. Experience-dependent plasticity exerted through an enriched 
environment (EE) promotes neuronal remodeling and neuroplasticity after central nervous 
system injury (i.e. stroke). After stroke, a number of growth-inhibitory molecules are 
differentially expressed within the ischemic hemisphere, leading to inhibition of neuronal 
plasticity. Particular interest has been focused on the inhibitory role of chondroitin sulfate 
proteoglycans (CSPGs) and their formation into dense lattice-like structures, termed perineuronal 
nets (PNNs). PNNs enwrap sub-populations of neurons, such as parvalbumin-containing 
GABAergic (PV/GABA) positive cells, important in sensori-information processing. Our recent 
study (Madinier and Quattromani et al., 2014) demonstrates that during stroke recovery, EE 
induces a reduction in the number of PNNs in peri-infarct and regions remote from the infarct. 
The objective of this study was to investigate if extracellular matrix (ECM) modulators such as 
metalloproteinases (MMPs), especially MMP-2 and MMP-9, tissue plasminogen activator (tPA) 
and type 4 disintegrin and metalloproteinase with thrombospondin motifs (ADAMTS-4) may 
participate in the degradation of PNNs that we observe after stroke and EE conditions. Male 



Sprague Dawley rats were subjected to photothrombotic stroke (PT) in the motor cortex and 
functional deficits assessed at 2 and 7 days of recovery. Shams and stroked rats were housed in 
either standard (STD) or EE conditions for 5 days and infarct volumes calculated. Aggrecan-
containing PNNs were visualized by immunohistochemistry (Cat-315+ neurons) and 
immunofluorescence (Cat-315/PV+ neurons) and counted in bright-field and confocal 
microscopy in the somatosensory cortex of both hemispheres. PNN protease mRNA levels were 
assessed by qRT-PCR and their activity analyzed by real-time-FITC-gel zymography and casein-
plasminogen zymography. EE starting 2 days after PT and continuing for 5 days did not 
influence the size of the infarct, but induced a remarkable difference in behavioral recovery 
between the housing groups. A reduction in the number of Cat-315+ and Cat-315/PV+ neurons 
was observed in the somatosensory cortex of the ipsilateral hemisphere after PT and EE and was 
accompanied by modulation in the expression and activity of ECM proteases. Elucidating the 
mechanisms and pharmacology of CSPGs and ECM turnover after experimental stroke may then 
provide new therapies supporting rehabilitation. 
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Abstract: Aphasia is a communication disorder caused by neurological damage, which can 
impair one’s ability to understand and use both written and spoken language. Annually, 80,000 
individuals in the United States will acquire aphasia as a result of a stroke. The purpose of this 
pilot study was to evaluate the effect of an augmentative and alternative communication (AAC) 
program on the functional communication abilities and neural activity patterns of individuals 



with aphasia. Individuals (n = 20) enrolled in the study were between the ages of 18 to 90 and 
were at least 3 months post-onset of aphasia. Participants attended six one-hour therapy sessions 
with a certified speech and language pathologist to work on their communication abilities using 
the AAC program. Participants completed pre-evaluations prior to the intervention sessions and 
post-evaluations approximately one week after completion of the intervention. Evaluations 
included the Western Aphasia Battery (WAB), which measures expressive and receptive 
communication capabilities. Results from the study indicate improvements on the WAB 
following completion of the AAC intervention. Participants also completed a prompt and 
response task in which prompts involved verbal commands to arrange provided items in a 
specific manner. Verbal commands were provided alone or were accompanied with static or 
dynamic visual cues. Preliminary data from the prompt and response evaluation show a 
statistically significant difference between the ability to respond correctly to verbal only prompts 
as compared to verbal prompts with visually augmentative cues. Pre/post intervention 
evaluations also included electroencephalogram (EEG) recordings to assess the potential for use 
of wireless EEG recordings during clinical outcome measures. A 24-channel wireless EEG 
system was used to record neural activity patterns during both the prompt/response task and 
during an eyes open/eyes closed paradigm. Preliminary analysis of the resting state EEG 
recordings indicates the presence of relative power spectral density patterns similar to those of 
previous studies conducted with individuals with aphasia. Furthermore, these pilot recordings 
support the feasibility of conducting EEG recordings during clinical outcome measurements. The 
results of this pilot study suggest the potential for assessing correlations between neural activity 
patterns and functional communication abilities and provide support for the idea that 
supplementing verbal commands with visual aids and utilizing AAC interventions with visual 
cues may help enhance the communication abilities and daily lives of individuals with aphasia. 
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Abstract: Human cerebral microvascular endothelial cell line (hCMEC)/D3 cells, which are 
from a stable clonal cell line of human immortalized cerebral endothelial cells, were intra-
arterially transplanted through the common carotid artery in a rat model of photochemical-
induced cerebral ischemia. Their therapeutic effects on infarct size, blood-brain barrier (BBB) 
breakdown, and outcome were examined. The hCMEC/D3 cells were genetically modified with 
the firefly luciferase gene for in vivo imaging post-transplantation. Transplanted hCMEC/D3 
cells were identified in the infarcted brain by bioluminescence imaging at 1 day after 
transplantation. Compared with the control group, the hCMEC/D3-transplanted group showed 
reduced infarct size on day 3, reduced Evans blue dye leakage on day 1 indicating decreased 
BBB breakdown, and early recovery from Rotarod test neurological deficits. The hCMEC/D3-
transplanted group also showed decreased levels of matrix metalloproteinase (MMP)-9, which 
were inversely correlated with TIMP-1 levels on post-transplantation days 1 and 3. The 
expression of tumor necrosis factor-α and interleukin-1β were markedly diminished in the 
hCMEC/D3-transplanted group compared with controls. The systemically transplanted cells 
selectively migrated and integrated into the ischemically lesioned area, which accelerated 
neurological recovery. This new cerebral endothelial cell-based therapy may hold promise for 
clinical trials in patients with ischemic stroke. ** This work was equally distributed. (Financial 
supports: This work was carried out with the support of the “Cooperative Research Program for 
Agriculture Science & Technology Development (Project title: Diversification of food materials 
for new demands in domestic Oat, Project No. PJ010508042015)” from the Rural Development 
Administration) and Center for Creative Biomedical Scientists at Chonnam National University 
Medical School, Gwangju, Republic of Korea. 
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Abstract: Stroke is a debilitating brain injury leading to mortality and neurological disability. 
GPR37 is a G protein-coupled receptor that has been found to exert neuroprotective and 
glioprotective effects in vitro, but the relationship between GPR37 and mechanisms of cell 
survival or death remain unclear. Autophagy plays a dual role in promoting cell survival via 
digestion and recycling of cellular components, and also contributes to cell death by lysosomal 
processes of self-induced intracellular degradation. Autophagic cell death has been implicated in 
secondary damage after ischemic stroke. In the present investigation, we tested a possible role of 
GPR37 signaling in regulating autophagy in the ischemic brain using wild type (WT) and GPR37 
knockout (GPR37 KO) mice. Adult mice were subjected to focal cerebral ischemia targeting the 
sensorimotor cortex. Infarct volume was measured using 2,3,5-triphenyltetrazolium chloride 
(TTC) staining 3 days after stroke. Images of stained slides were analyzed using ImageJ under 
double-blind conditions. Stroke animals were sacrificed at 6, 12, 24, and 48 hours after stroke for 
Western blot analyses. Tissue was isolated from the infarct core, the peri-infarct regions, and the 
contralateral cortex. TTC measurement revealed that GPR37 KO mice experience significantly 
enlarged infarct volumes compared to WT stroke controls (p=0.0424). To evaluate autophagy 
activity, we measured the expression of Beclin-1, a primary component of the pre-
autophagosomal structure, and microtubule-associated protein 1 light chain 3 (LC3), an effector 
of autophagy. Compared to WT controls, Beclin-1 levels in GPR37 KOs were increased in the 
peri-infarct area at 6 and 12 hours post-stroke. LC3 levels were also increased in the GPR37 KOs 
at 12 hours after stroke. The anti-apoptotic gene Bcl-2 was differently regulated. Taken together, 
these data suggest that autophagy is upregulated in the peri-infarct region of GPR37 KO mice, 
raising the possibility that GPR37 plays a role in regulating apoptosis and/or autophagy. Future 
studies will elucidate the complex interactions between autophagy, programmed cell death, and 
GPR37 signaling in ischemic stroke. 
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Abstract: Adult neurons often undergo atrophy following axonal injury, in neurodegenerative 
diseases and with aging; such atrophy is thought to reflect decreased vitality. Neurons in which 
PTEN has been deleted are enlarged one year post-deletion, but it is not known if there is a 
transient growth response after PTEN deletion that results in a larger steady-state cell size, 
whether growth continues progressively as long as PTEN is absent, or whether deletion of PTEN 
prevents age-related neuronal atrophy. To address this question, we assessed changes in neuron 
size with time following deletion of PTEN in the sensorimotor cortex of adult (8 week old) mice. 
To positively identify neurons in which PTEN was deleted, we used double transgenic mice with 
a lox-P flanked exon 5 of the PTEN gene and lox-P flanked STOP cassette that regulates 
expression of tdTomato. Cre-mediated recombination leads to deletion of PTEN and expression 
of tdTomato in the same neurons. Mice received unilateral intracortical injections of AAV-Cre, 
and were allowed to survive for 3, 4, 5, 6, 9, or 12 months before being given bilateral injections 
of fluorogold at cervical level 5 of the spinal cord to retrogradely label the cortical motoneurons 
(CMNs) that give rise to the corticospinal tract. Retrogradely-labeled CMNs expressing 
tdTomato (also PTEN-negative) were compared with retrogradely-labeled CMNs in the 
contralateral cortex. Quantitative assessments revealed that cell bodies of CMNs lacking PTEN 
are 1.3 times the size of control CMNs by 4 months after the deletion. CMNs lacking PTEN 
remained significantly enlarged at all time points beyond 4 months but the magnitude of the 
differences between CMNs lacking PTEN and contralateral controls did not increase further after 
4 months. Immunostaining for the phosphorylated form of ribosomal protein S6 (a biomarker for 
activation of the mammalian target of rapamycin, or mTOR, pathway) revealed continued 
activation at all time points after PTEN deletion up to 12 months. These results indicate that 
deleting PTEN in adult neurons triggers robust neuronal growth in which neurons enlarge to a 



new steady-state size that is maintained throughout life. These findings suggest novel strategies 
to prevent neuronal atrophy due to aging, traumatic injury, or neurodegenerative disease. 
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Abstract: Niemann-Pick type C is a lysosomal storage disorder with neurological and visceral 
pathology, for which there is currently no major disease modifying treatment. Loss of NPC1 
function, a late endosomal transmembrane protein, leads to systemic intracellular lipid 
accumulation. However, premature death is associated with neurological manifestations, such as 
severe neurodegeneration and neuroinflammation. Advances in viral vector technology and 
recent successful clinical trials display the potential beneficial use of gene therapy for these types 
of monogenic disorders. 
This project focuses on the development of an adeno-associated viral (AAV) vector capable of 
delivering and expressing human NPC1 in the mouse brain, via perinatal intracranial or 
intravenous injection, with the ultimate aim of ameliorating brain and visceral pathology in the 
Npc1-/- mouse model. AAV vectors exhibit efficient and widespread gene delivery throughout 
the brain, however their limited packaging capacity of 4.7kb can be a constraint for larger genes. 
Extensive construct modifications were made to incorporate the relatively large 3.8kb NPC1 



gene into a functional AAV serotype 9 vector. NPC1 expression is controlled by the 
constitutively active neuronal promoter human synapsin I, which in combination with an AAV9 
vector produces impressive levels of gene delivery and neuronal specificity, following 
administration to the CNS. 
Initial in vivo tests demonstrated successful NPC1 over-expression in administered mouse brains, 
compared to endogenous Npc1 levels in un-administered controls. No indications of toxicity or 
neuroinflammation were observed as a result of NPC1 over-expression in vivo. A preliminary 
very low dose study was carried out on the Npc1-/- model, where newborn Npc1-/- mice were 
administered with 4.6x109 vector genomes of AAV9.SYN1.NPC1 via intracranial injections. 
Treated Npc1-/- mice exhibited an increased lifespan (n=8; median survival of 116.5 days; 
P<0.0001) compared to untreated Npc1-/- mice (n=6; median survival of 75.5 days). Combined 
with significant behavioural improvements these results demonstrate the potential beneficial use 
of gene therapy for Niemann-Pick type C and support the continuation of this approach with 
higher dose studies. 
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Abstract: Gaucher Disease is caused by mutations in the GBA gene encoding the lysosomal 
enzyme glucocerebrosidase (GCase). Deficiency of GCase causes the accumulation of 



glucosylceramide in enlarged “Gaucher cells” within visceral organs and brain. Recombinant 
human enzyme is commercially available and is successfully used to treat the visceral pathology 
in non-neuronopathic Gaucher Disease patients. Acute neuronopathic Gaucher Disease (nGD) is 
characterised by neuronal loss, astrocytosis and microglial proliferation. nGD is untreatable since 
enzyme replacement therapy cannot cross the blood-brain barrier. 
In this study, I tested the hypothesis that neonatal intravenous injection of adeno-associated viral 
vector serotype 9 (AAV9), carrying functional GBA gene, would improve lifespan, behavior, 
brain and visceral pathology in a mouse model of nGD. 
AAV9 has been demonstrated to be able to efficiently transduce the Central Nervous System and 
visceral organs following intravenous administration to mice and non-human primates. 
Untreated knock-out mice die 12-14 days after birth. Treated mice showed a >10-fold increase in 
their lifespan. Neuropathological markers such as microglia-mediated inflammation, astrogliosis 
and lysosomal accumulation were ameliorated and some of the most affected areas of the brain, 
like thalamus, brain stem and cerebellum were partially rescued. Histologic analysis, enzymatic 
assay and blood test revealed improvement in the visceral pathology. In the lung, spleen and 
liver the presence of Gaucher cells is significantly reduced and tissue architecture is preserved. 
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Abstract: Stroke is an acute neurological disease with a strong inflammatory component that 
can be regulated at the intestinal level by mediation of intestinal microbiota and intestinal 
immune cells (Nature Medicine 22, p. 516, 2016). Although stroke has been shown to alter 
immune cell populations in the gut (Neuroimmunomodulation 16, p. 213, 2009), the dynamics of 
cell trafficking have not been elucidated. To study the trafficking of gut-derived immune cells, 
we used mice expressing the photoconvertible protein Kikume Green-Red. Mice underwent 
laparotomy and the small intestine (6 cm) was exposed to violet light (405 nm) using a laser 



source. Immune cells were isolated from the small intestine immediately, 2, 7 and 14 days after 
photoconversion. Percentage of immune cells (CD45hi/KikR+) that expressed the red variant of 
the protein (KikR) was higher at days 0 (37.76±1.11%) and 2 (35.03±1.15%) than at days 7 
(11.60±1.77%) and 14 (4.87±0.37%) in the intestinal segment exposed to violet light. 
Extrapolating these results to the total intestinal immune cell population, we calculated that 
5.9±0.8% of gut immune cells were expressing KikR at day 2 after photoconversion. To 
investigate whether intestinal immune cells traffic to the periphery after stroke, we analyzed 
KikR+ immune cells (2 days after photoconversion) in mesenteric and cervical lymph nodes, 
spleen, bone marrow, meninges and brain, 3 and 14 days after tMCAo. Gut-derived KikR+ 
immune cells were found in all analyzed organs at 3 and 14 days after stroke or sham surgery. 
KikR+ cell numbers and frequencies were similar in peripheral organs both at 3 and 14 days after 
stroke. The number of KikR+ immune cells was higher in brains 3 and 14 days after stroke when 
compared to sham animals (3 days: 187 ± 133 vs. 5 ± 3 cells/hemisphere, n=5-7, p<0.01; 14 
days: 155 ± 102 vs. 3 ± 1 cells/hemisphere, n=5-6, p < 0.01). Numbers of meningeal KikR+ 
immune cells in sham animals were higher than in the brain indicating the presence of gut-
derived immune cells under homeostatic conditions. Meningeal KikR+ immune cells were not 
significantly altered 3 or 14 days after stroke. KikR+ immune cells were found in all lymphoid 
organs analyzed but were not affected by stroke. We conclude that intestinal immune cells traffic 
to peripheral lymphoid organs and meninges under homeostatic conditions and this behavior is 
not affected 3 and 14 days after tMCAo, while gut-derived immune cells are increased in the 
brain at 3 and 14 days after stroke. Our data suggest stochastic intestinal immune cell trafficking 
under homeostatic conditions and a directed recruitment to sites of sterile inflammation such as 
ischemic brain injury. 
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Title: Systemic immune responses and neutrophil activation in the propagation of 
neuroinflammation after cerebral ischemia-reperfusion 
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Abstract: Post-ischemic neuroinflammation remains an elusive therapeutic target for patients 
suffering from global cerebral ischemia following cardiac arrest. While heightened inflammatory 
responses portend poor neurologic recovery, the lack of pre-clinical models that faithfully 
reproduce features of post-cardiac arrest syndrome (PCAS) remains a barrier to developing 
effective neuroprotective therapies. Here we demonstrate that serologically undetectable 
endotoxemia causes acute, peripheral neutrophil activation and enhanced CNS inflammation 
when combined with global cerebral ischemia. 
Transient global ischemia was induced in 5-8 week-old C57/B6 mice using the 3-vessel 
occlusion (3VO) model, which involves basilar artery cauterization followed by 15-minute 
occlusion of the common carotid arteries. During reperfusion, mice were given saline or 50 
µg/kg lipopolysaccharide (LPS) intraperitoneally to mimic enteric endotoxin leak and systemic 
inflammatory responses observed during PCAS. Animals receiving saline or LPS served as sham 
controls. 
While 50 µg/kg LPS yielded undetectable endotoxin levels in serum 6 hours after injury, 
upregulation of the neutrophil activation marker CD11b was observed in sham-treated animals, 
with greater activation in those also undergoing 3VO. Three days after ischemia-reperfusion, 
animals with concomitant systemic inflammation experienced the greatest blood-brain barrier 
permeability, as evidenced by upregulation of vascular platelet endothelial cell adhesion 
molecule-1, enhanced perivascular IgG deposition, and neutrophil migration into the brain 
parenchyma. Animals receiving 3VO and LPS exhibited pronounced microglial activation 
characterized by Iba1 upregulation and amoeboid morphology. These phenotypic changes were 
specific to areas of dense neutrophil infiltration, suggesting that the effects were likely cell-
mediated and not a consequence of passive endotoxin transfer across the blood-brain barrier. 
While the role of neutrophils in cerebral ischemia reperfusion injury remains controversial, our 
data indicate that neutrophil activation and migration remain particularly relevant targets for 
mitigating neuroinflammation in the setting of cardiac arrest. 
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Abstract: The NLRP3 inflammasome is now recognized to have an important role in 
neuroinflammation and delayed neuronal death following ischemic injury to the brain. G-Protein 
Coupled Receptor 30 (GPR30) is a seven trans-membrane protein and is purported to function as 
an estrogen receptor to help mediate estrogen signaling and actions in the body. In the current 
study, we examined whether GPR30 may exert an anti-inflammatory regulatory effect to inhibit 
NLRP3 inflammasome activation and signaling following global cerebral ischemia (GCI). A 
GPR30 agonist (G1) or antagonist (G36) were administrated to ovariectomized female rats by 
minipump beginning at 1d after ischemic reperfusion and continued until 7d or 14d of 
reperfusion. The following endpoints were examined: 1) cell type localization of GPR30 in the 
hippocampal CA1 region, 2) protein levels of NLRP3, ASC, TXNIP, and caspase 1, which are 
essential components of the NLRP3 inflammasome pathway, 3) expression of IL1RA, an 
antagonist of the Interleukin 1 receptor (IL-1R). The results showed that GPR30 was expressed 
in neuron in the sham (non-ischemic) group, however at 7d and 14d reperfusion, GPR30 was 
mainly expressed in reactive astrocytes, with some expression also noted in microglia. 
Immunofluorescence staining of NLRP3, ASC, TXNIP, Caspase 1 showed that protein levels of 
the inflammasome components significantly increased at reperfusion 7d and 14d. 
Simultaneously, the levels of cleaved IL1β were markedly enhanced in ischemia groups, 
compared to the sham control. Furthermore, there was a concomitant decrease of IL1RA protein 
levels following GCI. Importantly, post-ischemic administration of the GPR30 agonist, G1, 
enhanced GPR30 protein levels in hippocampal neurons and was neuroprotective against GCI. 
G1 treatment also attenuated the GCI-induced elevation of inflammasome components and 
cleaved IL1β, and reversed the GCI-induced decrease of IL1RA. Finally, continuous 
administration of G36, a GPR30 specific antagonist, prevented the G1 anti-inflammatory effects 
at 7d and 14d after GCI. Taken together, the current results suggest that GPR30 signaling can 
inhibit NLRP3 inflammasome activation after GCI, and exerts potent anti-inflammatory and 
neuroprotective effects in the hippocampus. 
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Abstract: Cerebrovascular diseases are pathologies caused by alterations in blood flow. Cerebral 
ischemia results in events such as excitotoxicity, necrosis, apoptosis and inflammation, leading 
to neuronal death. Immunization with neural-derived peptides such as Copolymer-1 (Cop-1) has 
demonstrated to provide neuroprotective and neurogenic effects in a cerebral ischemia model, 
thus preserving tissue, and promoting better motor recovery and neurogenesis. 
Cop-1 modulates the immune response through the induction of lymphocyte differentiation 
towards a Th-2 phenotype during the event; these Th-2 lymphocytes modulate the production of 
anti-inflammatory cytokines and trophic factors that promote neural tissue restoration. 
Recent studies have shown that physiological communication between the immune and nervous 
system takes place in the choroid plexus (CP) through cytokines and neurotrophic factors. This 
microenvironment determines processes such as neurogenesis and brain plasticity; for this 
reason, it was analyzed whether Cop-1 immunization can modify gene expression of cytokines 
and neurotrophic factors at the CP and if this change correlates with neurogenesis after ischemia. 
Cytokine (IFNγ, TNFα, IL-1β, IL-17, IL-4) and neurotrophic factor (IGF-1 and neurotrophin 3 
(NT-3)) gene expression was evaluated in rats subjected to cerebral ischemia and immunized 
with: Cop-1+complete Freund’s adyuvant (CFA), Cop-1 + Saline and CFA+ Saline; non-
immunized rats were used as controls. Neurogenesis was evaluated at the subventricular zone, 
hippocampal dentate gyrus, and cerebral cortex by immunofluorescence using the following 
markers: BrdU (bromodeoxyuridine) and DCX (doublecortin). 
Seven days after ischemia, immunization with Cop-1+ CFA induced a reduction in the 
expression of IFNγ, TNFα, IL-1β, IL-4, IGF-1 and NT-3 genes. Fourteen days later, the 
expression of these genes increased; however, the gene encoding for IL-4 remained reduced. 
Neurogenesis was significantly increased at 7 and 14 days in the group treated with Cop-1 + 
CFA. 
These results demonstrate that Cop-1 has the ability of modulating the production of cytokines 



and neurotrophic factors at the CP. These changes could be involved in the process of 
neurogenesis. 
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Abstract: Cerebral ischemic stroke is involved in over 80% of all stroke cases. During cerebral 
ischemia, reactive oxygen species (ROS) is produced in brain tissue, which can then initiate 
numerous signaling pathways and cause oxidative stress and inflammatory response. Studies 
suggest that both oxidative stress and inflammatory damage are essential pathological 
mechanisms in cerebral ischemia. To date, recombinant tissue plasminogen activator (tPA) is the 
only available therapy for the treatment of ischemic stroke; however, the treatment does not 
prevent ischemia-induced oxidative stress and reperfusion-mediated inflammation in ischemic 
brains. Therefore, the development of new anti-oxidant and anti-inflammatory therapies for the 
treatment of ischemic stroke is necessary and urgent. Nuclear factor erythroid 2-related factor 2 
(Nrf2), a major regulator of oxidative responses, is a key transcription factor which induces a 
wide set of anti-oxidant enzymes and phase II detoxification enzymes, including heme 
oxygenase 1 (HO-1) and NAD(P)H dehydrogenase, quinone 1 (NQO1). In addition, Nrf2 exerts 
an anti-inflammatory effect through HO-1/NF-κB pathway. Our lab has identified a small 
molecule (BY-23) with a property of inducing Nrf2 activation, and we evaluated its therapeutic 
potential for the treatment of ischemic stroke in the animal model of transient middle cerebral 
artery occlusion/reperfusion (tMCAO/R). Our results show BY-23 treatment not only 
ameliorated neurological deficits in ischemic stroke mice but dramatically reduced infract size in 
ischemic brains. We also observed significant reduction of CNS infiltrating cells including 



neutrophils and monocytes in the ischemic brain of BY-23-treated when compared to those of 
vehicle-treated tMCAO/R mice. At the molecular level, BY-23 treatment enhanced the 
expression of anti-oxidant enzymes HO-1 and NQO1 in the ischemic brains of tMCAO/R mice. 
In the presence of BY-23, the expression of Nrf2, HO-1, NQO1, and glutamate-cysteine ligase, 
catalytic subunit (GCLC) was significantly upregulated in LPS-activated microglia (MG). 
Importantly, BY-23 suppressed MG activation in the ischemic brain of tMCAO/R mice, and the 
protective effect of BY-23 on attenuating brain infarct in ischemic stroke was abolished in the 
presence of HO-1 inhibitor. Altogether, our results suggest that BY-23-activated Nrf2/HO-1 
pathway confers a protective effect against ischemic stroke. 
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Abstract: Zinc administration might be used as a prophylactic agent in cerebrovascular disease 
in the CNS, because acute and subacute administration of zinc is known to exert neuroprotection 
in hypoxia-ischemia animal models. However, chronic administration of zinc is cytotoxic. The 
effect of prophylactic chronic administration of zinc on neuroinflammation is still unknown. To 
clarify this issue, we administered the zinc at tolerable doses,0.5 mg/kg ZnCl2 every 24 h for 14 
days, to rats before a common carotid artery occlusion, CCAO. After CCAO, the level of zinc 
was measured by atomic absorption spectrophotometry, nitrites were determined by Griess 
method, lipoperoxidation by Gerard-Monnier assay, mRNA expression of 84 genes coding for 
cytokines, chemokines and their receptors by qRT-PCR (Qiagen, Inc), whereas nitrotyrosine, 



chemokines and their receptors were assessed by ELISA and histopathological changes in the 
temporoparietal cortex-hippocampus at different time points (0 h, 8 h and 7 days). We found that 
only zinc administration in control rats increases inflammatory chemokines/receptors such as 
CXCL12, CXCL5 CCL4 and the growth factors FGF2 and VEGF that would be associated with 
a preconditioning process. In addition, zinc administration in rats with CCAO also increased 
CCL20, CXCL5, CCR2, CCR4, CCR6, CCR8 and CXCR2 levels at 8 h and 168 h post-
reperfusion, and FGF2 and VEGF at 168 h following CCAO. This data show that the 
prophylactic chronic administration of zinc at tolerable doses aggravates CCAO-induced 
neuroinflammation and suggest a preconditioning effect in treated control rats, such effect was 
unable to prevent the cerebral damage after CCAO. 
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Abstract: Inflammatory responses following brain injury are known to worsen neurological 
outcome, and represent a potential target for therapeutic intervention. Store-operated Ca2+ entry 
mediated by Ca2+ release-activated Ca2+ (CRAC) channels, contributes to calcium signaling in 
immune cells. CRAC channels consist of endoplasmic reticulum resident Ca2+-binding/sensing 
protein stromal interaction molecule 1 (STIM1) and the calcium channel protein ORAI1 located 
in the plasma membrane. Prolonged Ca2+ entry through CRAC channels activates, via 



calcineurin, nuclear factor of activated T cells (NFAT), involved in T cell proliferation and 
cytokine expression. Microglia mediate inflammation in the injured brain, but little is known 
whether CRAC channels are involved. We studied novel CRAC channel inhibitors to explore 
their therapeutic potential in models of microglia-mediated neuronal injury. Neuro-2A cells were 
cultured alone or with microglial BV2 cells, then exposed to 2h oxygen glucose deprivation 
(OGD). Some cultures were treated with a novel CRAC channel inhibitor, after which cell 
viability was determined. Toll-like receptor (TLR) -3 , -4 agonists or IFNγ were used to induce 
inflammatory responses in microglia. Western blots revealed the presence of the canonical 
CRAC channel proteins STIM1 and ORAI1 in BV2 cells. CRAC channel inhibition decreased 
NO release and inflammatory proteins iNOS and COX-2 expression in activated microglia. Basal 
cytoplasmic calcium levels in microglia were elevated by a TLR-4 agonist, and were reduced by 
CRAC channel inhibition. Similarly, a TLR-4 agonist activated JNK1/2 kinase, NFAT, NF-κB, 
CREB & STAT1, but only JNK1/2 kinase & NFAT were attenuated by the inhibitor. OGD 
decreased N2A neuronal cell viability, further exacerbated by BV2 cells, but cells were protected 
by the CRAC channel inhibitor (n=3-5, *p<0.05). We then treated C57/BL6 mice exposed to 
experimental brain trauma (TBI) and found that treatment led to decreased lesion size, brain 
hemorrhage and improved neurological deficits (n=6-7/grp, *p<0.05). CRAC channel inhibition 
led to neuroprotection, mediated at least in part through JNK and transcription factor NFAT 
signaling pathways. We suggest a novel anti-inflammatory approach for treating acute brain 
injury. Our observations also shed light on new calcium signaling pathways, not previously 
described in brain injury models. 
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Abstract: Approximately 7-9% of the population is living with some form of diabetes. When 
poorly controlled (which is often the case), this disease is associated with cerebrovascular 
pathology such as microbleeds and impairments in cognitive function. The presence and burden 
of microbleeds in the brain has been strongly linked with reduced cognitive function and 
increased risk of dementia. Microglia are the resident immune cells of the central nervous 
system, that dynamically respond to vascular insults by extending their processes to the site of 
injury. The rapid actions of microglia are thought to play a beneficial role in vascular repair since 
inhibiting these responses can exacerbate injury. Here, we hypothesized that diabetes, especially 
if not well controlled with insulin, will disrupt microglia based repair of damaged microvessels 
in the brain. Using 2-photon in vivo imaging, we show that chronic hyperglycemia in the 
streptozotocin model of type 1 diabetes leads to decreased microglial process accumulation 
around the site of microvascular injury. Importantly, this impaired microglial response could be 
prevented with tight control of blood glucose levels with insulin. These results indicate that 
chronic hyperglycemia disrupts microglial based repair of damaged microvessels, which may 
help explain why poorly controlled diabetes is associated with greater risk of cerebrovascular 
dysfunction and cognitive decline. 
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Abstract: Approximately 30% of stroke survivors develop dementia following a stroke. We 
hypothesize that one of the mechanisms that contributes to this delayed cognitive decline is a 
chronic inflammatory response that persists at the site of the stroke lesion and causes bystander 
damage to surrounding tissue. To address this hypothesis, we present a comprehensive 



characterization of the cytokine and chemokine response to stroke in the human brain at different 
stages of wound healing. Our data indicate that inflammation following stroke may not be as 
efficiently self-limiting as it is in other tissues. In addition, due to most basic and preclinical 
research being conducted in rodent models of stroke, we also present a comparison of the 
cytokine and chemokine response to stroke in human and mouse brains at two different stages of 
wound healing, using C57BL/6 and BALB/c mice to control for strain related differences in the 
immune response. Our data indicate that the acute inflammatory response to stroke is largely 
conserved in mice as well as in humans. In each mouse strain and in humans, there is a 
significant increase in levels of GM-CSF, IL-6, IL-12 (p70), IP-10, KC/IL-8, MCP-1, MIP-1α, 
MIP-1β, RANTES, and TNFα in the infarct core during the acute time period. However, in the 
weeks after stroke, during the stage of liquefactive necrosis, the chronic inflammatory response 
to stroke diverges in both mouse strains and humans; only the sustained elevation of IL-6 and 
MCP-1 is conserved in mice and humans, with each strain of mouse and each species displaying 
a unique profile of chronically elevated pro-inflammatory cytokines in the area of infarction. 
Furthermore, because nearly 75% of all strokes occur in patients over the age of 65, and 
approximately 25% of strokes are recurrent strokes, we also present findings that reveal how the 
inflammatory response to stroke is impacted by age and multiple strokes in mice. Our data 
indicate that the chronic inflammatory response to stroke is not exacerbated by age in 18-month 
old mice compared to 3-month old mice but is significantly exacerbated by a recurrent stroke. 
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Abstract: Background & Purpose: We previously showed that stimulation of RANKL 
(receptor activator of nuclear factor-B ligand)/ RANK (receptor for RANKL) signal with 
recombinant RANKL worked as protective in ischemic brain through inhibiting TLR signaling 
pathways. However, augmentation of RANK signaling is also causative for increasing osteoclast 
differentiation and osteoporosis, which is one of risk factors in poor prognosis in ischemic 
stroke. To overcome the problem, we developed a novel RANKL-based peptide, which is anti-
inflammatory and anti-osteoclastic. 
Methods: We made three peptides: MHP1 and 2 with DE loop and EF loop; MHP3 including 
complete CD loop and DE loop. The action of the peptides was evaluated in MG6 cells 
(microglia), RAW 264.7 cells (macrophage), primary osteoclast precursor cells, and primary 
mixed neuron-glia cultures. The effects of the peptide were also checked in 40 min-transient 
cerebral artery occlusion (tMCAo) model in C57BL6/J mice. 
Results: In LPS-stimulated MG6 and/or RAW 264.7 cells, MHP1 and MHP2 inhibited 
expression of IL-6 and TNFα, whereas MHP3 showed no effects. This anti-inflammatory effects 
of MHP1 was dependent on RANK signals because knockdown of RANK showed lack of 
action. The effects of anti-inflammation of MHP1 were also shown in LPS-stimulated primary 
mixed neuron-glia cultures. In primary osteoclast precursor cells, MHP1 did not stimulate 
osteoclast differentiation, which is quite different from recombinant RANKL. Interestingly, 
MHP1 also inhibited RANKL-induced osteoclast differentiation. The expression of IL-6 and 
TNFα was prevented in the stimulation of FSL-1 (a ligand for TLR2/6) but not S100β (a ligand 
for RAGE), indicating that the action of MHP1 might be specific in TLRs signaling. Finally, we 
injected MHP1 intracerebroventricularly at 4 hrs after the ischemia and evaluated the effects. 
MHP1-treated mice showed less infarct volume and activated microglia/macrophages in 
ischemic brain at 72 hrs after ischemia. 
Conclusions: Thus, MHP1 is a partial agonist of RANKL, which could inhibit TLR-related 
inflammations without activation of osteoclasts. MHP1 could be a novel agent for preventing 
inflammation and osteoporosis in ischemic stroke. 
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Abstract: 17β-estradiol (E2) is a well-known neuroprotective factor in the CNS. Recently, our 
lab showed that the estrogen receptor (ER) co-regulator protein, Proline-, glutamic acid-, and 
leucine-rich protein 1 (PELP1) is critical for its neuroprotective and cognitive effects. In the 
current study, we examined whether E2, acting via PELP1, can exert anti-inflammatory effects in 
the ovariectomized rat and mouse hippocampus to regulate NLRP3 inflammasome activation, 
cytokine production and microglial M1/M2 phenotype after global cerebral ischemia (GCI). The 
results showed that activation of the NLRP3 inflammasome pathway and expression of its 
downstream products, cleaved caspase-1, and IL1β, are temporally increased in the hippocampus 
after GCI, with peak levels observed at 6-7 days. E2 robustly inhibited NLRP3 inflammasome 
pathway activation, caspase-1 and pro-inflammatory cytokine production, as well as gliosis after 
GCI at gene as well as protein levels. Moreover, E2 also profoundly suppressed the pro-
inflammatory M1 microglial phenotype, while increasing the anti-inflammatory M2 microglial 
phenotype early after GCI. Intriguingly, the ability of E2 to exert all of these anti-inflammatory 
effects was lost in PELP1 forebrain-specific knockout mice. Collectively, our study demonstrates 
that E2 signaling via the ER co-regulator, PELP1 exerts robust anti-inflammatory effects in the 
hippocampus after GCI to regulate inflammasome activation, cytokine production and microglia 
phenotype. Thus, in addition to its neuroprotective actions, E2 can also exert robust anti-
inflammatory effects following ischemic injury to the brain. 
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Abstract: Background: Cortical cerebral ischemia elicits a neuroinflammatory reaction not only 
at the site of the infarction, but also in remote areas. Typically, neurodegeneration affects 
reciprocally connected thalamic nuclei. Thalamic injury contributes to persisting clinical 
disability, pain syndromes, and neuropsychiatric problems after stroke. Osteopontin (OPN) is a 
cytokine-like glycoprotein that is excreted in high amounts after cerebral ischemia and which 
exerts various immunomodulatory functions. In this study we examined its protective effects on 
thalamic neurons. 
Methods: Male wistar rats were subjected to photothrombosis and subsequently injected 
intracerebroventricularily with 500µg OPN or vehicle. Immunohistochemical and fluorescence 
staining were used to detect inflammation (Iba1, Ox42, ED1), neurodegeneration (NeuN), 
regenerative processes (NG2), cell proliferation (BrdU), microglia M1 (iNOS) and M2 
polarisation (CD206, Arg1, and Ym1). Autoradiography scans were used to visualize 
degeneration (D-Prolin) and proliferation (thymidine). 
Results: Extensive secondary neurodegeneration with microglial activation and 
neurodegeneration in the thalamus was found in all animals with cortical ischemia. Microglial 
infiltration co-distributed with neurodegeneration. Treatment with osteopontin significantly 
decreased neurodegeneration, inflammation, and microglial proliferation and improved 
regenerative processes. Although microglia was classified as activated by morphological criteria, 
microglia did not express markers of M1 or M2 polarisation. D-Prolin uptake mirrored 
degeneration. Within the infarct tissue it was not significantly changed, whereas it visualized 
attenuated thalamic degeneration in OPN treated animals. 
Conclusion: Thalamic secondary neurodegeneration can be ameliorated by pharmacological 
treatment with OPN. Whether this also improves clinical outcome warrants further investigation. 
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Abstract: A woman’s risk of stroke increases exponentially after menopause, and even a mild 
ischemic episode can result in increased frailty. Studies performed in laboratory animals and 
humans support that whole body vibration (WBV) reduces or reverses pathological remodeling 
of bone and lessens frailty-related physiological deterioration. Using a rodent model of stroke, 
we have examined whether WBV reduces inflammation and post-ischemic damage and improves 
motor function in middle-aged female rats. Middle-aged Sprague–Dawley female (9–11 months) 
rats were exposed to transient middle cerebral artery occlusion (tMCAo; 60 min) and randomly 
assigned to either WBV or control groups. Animals placed in the WBV (40 Hz) group underwent 
30 days of WBV treatment performed twice daily for 15 min each session for 5 days each week. 
During the treatment period, we tested motor function using a rotarod test at the 7th, 15th and 30th 
day after tMCAo. Animals were sacrificed on 30th day of WBV treatment and brain tissue was 
harvested for histopathological and inflammasome protein analysis performed by western 
blotting. Western blot results demonstrated a two-fold decrease in the inflammasome proteins 
caspase-1, caspase recruitment domain (ASC), and interleukin-1β. The rotarod test scores from 
the WBV treatment group were significantly higher than the control group on day 30 (p < 0.05) 
at 10, 30 and 40 RPM speeds, suggesting a significant improvement in functional activity of the 
WBV group. Overall, WBV has shown promising results in decreasing inflammation and 
increasing functional activity after stroke in middle-aged female rats. 
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Abstract: Stroke is one of the top major leading causes of death and severe disability in the 
world. After cerebral ischemia, inflammation plays a key role in the development of permanent 
neurological damage. Evidences indicated that reactive oxygen species (ROS) was involved in 
the mechanism of post-ischemic inflammation. ROS is produced by activation of several 
inflammatory enzymes and then suppresses the activity of mitochondria causing further tissue 
damage. In this study, we investigated pomalidomide, an immunomodulatory drug, in in primary 
neuronal culture of H2O2-induced injury model and in middle cerebral artery occlusion (MCAO) 
rodent model of ischemic stroke. The effects of pomalidomide were consistent for in vitro and in 
vivo models. In vitro results, we found that use of low dose pomalidomide in H2O2-insulted 
neuronal culture significantly decreased the level of LDH release and MTT assay was provided 
results consistent with LDH assay. In addition, the protein level of complex III expression in low 
dose of pomalidomide with H2O2-insulted group was superior to H2O2-insulted group in 
primary neuronal culture. Also, the Apoptosis-inducing factor (AIF) expression, low dose of 
pomalidomide with H2O2-insulted group was distinctly lower than H2O2-insulted group. 
Similarly, for in vivo results, triphenyltetrazolium chloride (TTC) stain brain showing a 
markedly decreased infarct volume in pomalidomide group compared with the control group in 
MCAO model. In conclusion, our in vitro and in vivo results showed that pomalidomide exhibits 
neuroprotective effects and reduces cerebral ischemia/reperfusion injury. And these results 
suggest that pomalidomide may preserve mitochondiral function by reducing mitochondrial ROS 
production and also decrease apoptosis after ischemic brain damage. 
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Abstract: Peripheral neuropathy often leads to spontaneous pain, allodynia and hyperalgesia. 
However, the neuroplastic changes in the brain relate to the progression of neuropathic 
symptoms remain unclear. In this study, we used partial ligation of infraorbital nerve (pIONx) rat 
model to longitudinally follow behavioral and functional brain changes associated with the 
development of hypersensitivity. Female Sprague-Dawley rats were first trained to endure 26g of 
von frey filament stimulation in the whisker pad. Thereafter, each rat was scanned 3 times of 
whole brain MEMRI. The First time is baseline, the second time is on the same day after pIONx, 
and the third time is 15-d after pIONx. For MEMRI, MnCl2 solution (20 mg/Kg) was given 
intraperitoneally and the rat was returned to home cage for 24 hours of Mn2+ accumulation. All 
MEMRI scans were acquired under isoflurane anesthesia. For pIONx, the rat was anesthetized 
with sodium pentobarbital (65 mg/ Kg, i.p.), and 1/3 to 1/2 of the left ION was isolated and 
ligated. The rat had 24hr free access to ibuprofen in the drinking water to reduce the surgical 
pain. Our within-animal results showed (1) elevated trigeminal ganglion and cortical activities 24 
hours after pIONx. (2) Widespread cortical activity increases 15 days after surgery. Additionally, 
we compared group MEMRI according to behavioral response of the rat (i.e. pain group vs non-
pain group) on day 15 after pIONx. Rats with neuropathic pain showed enhanced activity in 
bilateral cingulated cortex, nucleus accumbens, and caudate putamen; ipsilateral sensorimotor 
cortex, orbitofrontal cortex, and insular cortex. These observations suggest that partial ligation of 
infraorbital nerve increases limited cortical regions in 24 hours and neuropathic pain symptoms 
were associated with increased limbic and sensorimotor activity. 
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Abstract: Trigeminal Neuralgia (TN) is a debilitating chronic facial pain disorder. It is generally 
believed that focal demyelination due to vascular compression of the trigeminal nerve is the 
cause of the condition. However, unpredictable responses to surgical treatment, and variability in 
long-term clinical outcomes suggest that TN may involve both peripheral and central 
mechanisms. The goal of this study was to investigate the neural correlates of trigeminal pain. 
Eight patients (6 females) clinically diagnosed with TN enrolled and underwent MRI scanning. 
The scanning session had two periods: (1) pain rating period and (2) visuomotor tracking period, 
each lasting 10 minutes. During the pain rating period, subjects rated the moment-to-moment 
intensity fluctuations of their facial pain using a trackball on a visually displayed 0-100 scale. 
During the visuomotor tracking period, subjects were provided with the pain intensity 
fluctuations recorded from the pain rating period and instructed to track the cursor movement 
with the trackball. During analysis the visuomotor tracking period was subtracted from the pain 
rating period to remove motor-related activations. Simultaneous EEG-fMRI was recorded from 
the patients during the experiment. One subject did not complete the scan and was excluded. 
Analysis of the remaining 7 subjects revealed the following results. First, correlating the pain 
intensity fluctuation with blood-oxygen-level-dependent (BOLD) activity, we found that BOLD 
in insula and anterior cingulate cortex (ACC) was positively correlate with pain intensity, 
whereas BOLD in thalamus and postcentral gyrus was negatively correlated with pain intensity. 
Second, extracting the power of theta-band (4 to 8 Hz) EEG oscillations from frontal channels 
and the power of alpha-band (8 to 12 Hz) EEG oscillations from occipital channels using a 
moving window, we found evidence that theta and alpha power was correlated with the pain 
intensity fluctuation in some patients. Third, correlating theta power with BOLD, we found 
positive BOLD-theta correlation in insula, and negative BOLD-theta correlation in thalamus and 
ACC. Fourth, correlating alpha power with BOLD, we found positive BOLD-alpha correlation 
in insula, ACC and fusiform face area, and negative BOLD-alpha correlation in thalamus, 
putamen and caudate. These results demonstrate that TN was associated with the activation and 
deactivation of a complex brain network. Rhythmic brain oscillations might provide an index of 
the level of pain intensity. 
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Title: Behavioral and local field potential changes in the thalamus and anterior cingulate cortex 
of behaving rats experiencing post herpetic neuralgia 
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Abstract: Post herpetic neuralgia (PHN) is experienced as burning pain in the facial region, 
caused by nerve damage from the herpes zoster virus. The pain often becomes chronic and 
debilitating. Investigations into the pain pathway become vital. Pain itself is multidimensional, 
consisting of both the sensory and affective experiences. One of the primary brain substrates for 
transmitting sensory signals in the facial muscles is through ventral posterior medial thalamus 
(VPM). Anterior cingulate cortex (ACC) has been shown to be vital in the affective experience 
of pain, so investigating both of these areas in freely behaving animals can provide important 
information. Local field potential (LFP) recordings measure changes to the summation of 
subthreshold neuronal activity. A new investigational method of using a designer receptor 
activated by a designer drug (DREADD) (Armbruster et al, 2007) has been shown by our lab to 
inhibit both neuronal activity in the VPM and spontaneous pain behavior in a formalin pain 
model in rats. By application of DREADD, the LFPs of both VPM and ACC were recorded 
simultaneously to see how the inhibition of neuronal activity in the VPM affects neuronal 
activity in the ACC in freely behaving rats in a more clinically relevant pain model, PHN. 
Additionally, a place escape-avoidance paradigm was used to measure affective experience of 
pain (Fuchs et al, 2014). Methods: DREADD was infused into the VPM of Sprague-Dawley rats 
and LFP recording electrodes were implanted into the VPM and ACC. A week later, the whisker 
pads were injected with either varicella zoster virus (VZV) infected cells or MeWo (control) 
uninfected cells. Within 7-14 days, the LFP for both VPM and ACC were recorded, DREADD 
was activated via IP injection (or saline for control) of clozapine-N-oxide. A new baseline was 
recorded and the animals were tested using a preferred escape-avoidance paradigm. We found 
that, similar to the spontaneous pain behavior, escape-avoidance behavior is significantly 



reduced in the drug group compared to the no drug group in PHN. Changes in LFP activity of 
theta, alpha, beta, and gamma wavelengths were noted in both the ACC and VPM with increased 
activity observed in PHN rats compared control and also between the drug and no drug group in 
PHN. Understanding how manipulation of thalamic activity can affect changes in both neuronal 
activity and pain behavior can bring us closer to identifying novel ways to relieve post herpetic 
neuralgia in humans. 
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Abstract: Angiogenesis factors, Hypoxia-inducible factor 1 alpha (HIF-1α) and vascular 
endothelial growth factor (VEGF), stimulate the vascular function through modulation of 
endothelial cell functions and vascular permeability. The present study investigated a role of 
HIF-1α and VEGF in the development of trigeminal neuropathic pain. Sprague-Dawley male rats 
were anesthetized with ketamine (40 mg/kg) and xylazine (4 mg/kg). Under anesthesia, the left 
lower second molar was extracted, followed by the placement of a mini-dental implant to 
intentionally injure the inferior alveolar nerve. The blood-brain-barrier (BBB) permeability was 
assessed by detecting the concentrations of sodium fluorescein (NaF) in the medullary dorsal 
horn. Inferior alveolar nerve injury by mal-positioned dental implant produced prolonged 
mechanical allodynia compare to the sham group. Intracisternal infusion of VEGF antibody (250, 
500 ng/ 24 hr/ 7 days) significantly attenuated mechanical allodynia produced by mal-positioned 



dental implants. Intracisternal injection of ZM 306416 (100 µg), a VEGF receptor 1 inhibitor, or 
Vandetanib (20 µg), a VEGF receptor 2 inhibitor, produced inhibition of mechanical allodynia. 
Western blotting analysis reveals that inferior alveolar nerve injury produced up-regulation of 
both HIF-1α and VEGF expression in the medullary dorsal horn. Double immnuoflurosence data 
showed that VEGF receptor 2 co-localized with astrocyte cells but VEGF receptor 1 found in 
vessels stained positive with the BBB in the medullary dorsal horn. Intracisternal injection of 
PX-12 (50 µg), a HIF-1α inhibitor, produced inhibition of mechanical allodynia. In addition, 
inferior alveolar nerve injury increased extravasated NaF level which was blocked by 
intracisternal infusion of VEGF antibody. These results suggest that central HIF-1α and VEGF 
pathway play a critical role in the development of trigeminal neuropathic pain and blocking of 
HIF-1α or VEGF pathway is a new potential therapeutic target for neuropathic pain control 
including the orofacial area. 
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Abstract: Background: Neurogenic inflammation is considered to be a major component of 
migraine and the role of toll-like receptor 4 has been implicated in chronic inflammatory pain 
states. Compound 48/80 induced mast cell degranulation activates migraine pain pathway and we 
assessed the development of light aversive behavior, as a surrogate of photophobia following 
compound 48/80 in both male and female mice. We also determined the role of toll-like receptor 



4 in mast cell degranulation induced migraine -like behavior and neuronal activation. Methods: 
Mice (male and female, C57Bl6), WT and TLR4 KO's were acclimatized for 15 min a day before 
the actual testing day in a test system composed of two equally sized chambers (light and dark) 
where animals could move freely through a small portal. On the day of testing baseline behavior 
was determined for 15 min prior to the injection with saline or the drug i.p. Following 
saline/compound 48/80 administration, animals were tested for 15 mins at different time points 
(15 min, 1 hr, 2 hrs and 4 hrs). Time spent in the light and dark box was assessed by the 
obscuration by the animal of red light LEDs. Effect of pre-treatment with sumatriptan (45 min) 
and TLR4 antagonist TAK-242 (3 hrs) were also analyzed in this model. Another group of WT 
and KO mice were sacrificed at 10 min following compound 48/80 for analyzing p-ERK 
activation in nucleus caudalis. Results: Compound 48/80 induced i) light aversive behavior that 
lasted for 2 hrs with a complete reversal to the 40/60 ratio by 4 hrs ii) neuronal activation 
(measured by p-ERK) in nucleus caudalis in males and females and pre-treatment with 
sumatriptan reversed these effects. Genetic knockouts and pharmacological intervention of TLR4 
reversed the effects of compound 48/80 in males, but not in females. Significance: We 
demonstrate that i) compound 48/80 induced mass cell degranulation elicits light aversive 
behavior in mice ii) Reduction in light aversion was observed when pre-treated with specific 
anti-migraine drug sumatriptan iii) Importantly, the present study provides the first evidence for 
the involvement of TLR4’s in initiating and maintaining migraine-like behaviour and neuronal 
activation in a murine migraine model. 
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Abstract: Persistent orofacial pain conditions such as temporomandibular disorders involve pain 
in the temporomandibular joint and masticatory muscles with a predominance of pain in the jaw 
closing muscles such as the masseter. The biological basis for this persistent pain is still unclear 
and models that may mimic some portion of the pathophysiology of the muscle pain are lacking. 
Earlier we reported on a model for orofacial pain in which repetitive unilateral injections of 
acidic saline (pH 4) into masseter muscle elicited persistent bilateral pain that was associated 
with changes in chewing behavior and with significant increases in the expression of 
neuropeptides (substance P and CGRP), BDNF and ASIC3. The objective of this study was to 
determine if increases in expression of SP and CGRP could be prevented by an inhibitor 
(APETx2) specific to ASIC3. Methods: Female CD-1 mice were repetitively injected with either 
neutral saline (pH 7, n=5), or acidic saline (pH 4, n=5) into the right masseter separated by five 
days. Five mice were injected with 10µl of APETx2 in PBS (3µM) into the right masseter just 
prior to the second acidic saline injection; five mice were used as unmanipulated controls. Seven 
days after the second injection the mice were sacrificed, ganglia harvested, snap-frozen, and 
stored at -80° until cryosectioned. 12µm cryosections of right ganglia were immunostained for 
either SP or CGRP (Peninsula Labs) and images acquired using a Zeiss MRm digital camera and 
Axiovision software. Images were histogram-matched and thresholded to produce binary images 
to eliminate bias. The total number of ganglion cells and the number immunolabeled for CGRP 
or SP were counted for three sections, 150 µm apart, for each animal. Results: No significant 
differences were observed between controls or neutral saline-injected in the percentage of 
ganglion cells expressing either CGRP (25% controls; 29% neutral) or SP (25% controls; 30% 
neutral). A significant increase was detected between acidic saline-injected and all other groups 
in the percentage of ganglion cells immunolabeled for CGRP (71% acid) and SP (75% acid). 
Whereas no significant difference was detected between ganglia from APETx2-injected and 
controls or neutral saline-injected in the percentage of cells immunolabeled with CGRP (31% 
APETx2), a significantly increased number of ganglion cells expressing SP was detected in 
APETx2- injected (50%). Conclusions: The results of the study support a role for ASIC3 in the 
initiation and maintenance of persistent pain in our repetitive acidic saline injection model for 
orofacial pain. 
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Abstract: Oral cancer patients report severe function-related pain, induced by mediators from 
the cancer. We recently reported that bacterial communities associated with a patient’s oral 
cancer differ from that of the patient’s clinically normal anatomically matched contralateral site. 
Analysis of the cancer associated and normal microbiomes of 46 patients who had completed the 
University of California San Francisco Oral Cancer Pain Questionnaire revealed significant 
differences in abundance of bacterial taxa correlated with the patients’ responses regarding 
function related pain. The cancers displayed reduced abundance of Streptococcus and increased 
abundance of Fusobacterium. We hypothesize that Streptococcus mitis (S. mitis) protects the oral 
microenvironment from carcinogenesis and cancer-associated pain, while Fusobacterium 
nucleatum (F. nucleatum), implicated in colon carcinogenesis, promotes oral cancer and pain. To 
test this hypothesis, we co-cultured a human oral cancer cell line, HSC-3, with F. nucleatum or 
S. mitis, applied the culture supernatants to retrogradely-labeled primary afferent neurons 
innervating the tongue and imaged Ca2+ influx. Supernatant from HSC-3 cells with F. nucleatum 
or F. nucleatum alone evoked a significantly greater Ca2+ response in trigeminal neurons 
compared to HSC-3 supernatant alone, HSC3 + S. mitis or S. mitis alone. These observations 
suggest that F. nucleatum enhances neuronal activation by oral cancer and potentially worsens 
cancer pain. In vivo experiments are on-going using the 4-NQO (4-nitroquinoline 1-oxide) 
murine model of oral carcinogenesis. Male and female C57Bl/6 mice are treated with 100 µg/ml 
4NQO in the drinking water for 16 weeks ad libitum and monitored for an additional 8 weeks. 
Pain is measured using an operant gnawing assay throughout treatment. The model recapitulates 
human sex differences, as female mice with tongue cancers or severely dysplastic lesions showed 
significantly greater pain compared to males. To determine whether F. nucleatum or S. mitis 
promotes or protects from oral cancer development and pain in this model, pain is being 
measured in an additional group of female mice, inoculated with 1x1010 of either bacteria. From 
our in vitro experiments, we expect that mice inoculated with F. nucleatum will show accelerated 



cancer development and increased pain. This work was kindly supported by the IASP John J 
Bonica 2014 award. 
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Abstract: Somatosensory information derived from the periodontal ligaments (PDL) plays a 
critical role in identifying the strength and direction of occlusal force. The orthodontic force 
often causes uncomfortable sensations including nociception around the tooth, and disturbs 
somatosensory information processing. However, it has remained unknown whether orthodontic 
treatment modulates higher brain functions, especially cerebrocortical activity. To address this 
issue, we first elucidated the cortical regions involved in sensory processing from the PDL. In 
vivo optical imaging was performed to identify the cortical responses evoked by electrical 
stimulation of the maxillary and mandibular incisor and the first molar PDL in the rat. In naive 
rats, electrical stimulation of the mandibular PDL initially evoked neural excitation in the 
rostroventral part of the primary somatosensory cortex (S1), the ventrocaudal part of the 
secondary somatosensory cortex (S2), and the insular oral region (IOR), whereas maxillary PDL 
stimulation elicited excitation only in S2/IOR rostrodorsally adjacent to the mandibular PDL-
responding region. In contrast, maximum responses to mandibular and maxillary PDL 
stimulation were observed in S1 and S2/IOR, and these responses almost overlapped. Next, we 
examined the sequential changes in the cortical excitation induced by stimulation of the 
maxillary 1st molar PDL during experimental tooth movement (ETM). Optical imaging was 
performed 1, 3, and 7 days after ETM. To apply orthodontic force in the ETM models, the 



maxillary incisors and the right first molar were bound with a closed coil spring. The ETM 
models showed facilitated cortical excitatory propagation in comparison with controls one day 
after ETM, however, the facilitation gradually recovered to the control level 3-7 days after ETM. 
These findings suggest that orthodontic force does not induce a long-lasting neuroplastic change 
in the somatosensory and insular cortices. The temporal profile of the facilitated cortical 
responses is comparable to that of pain and discomfort induced by clinical orthodontic 
treatments. Finally, immunohistochemical experiment was performed to examine the relationship 
between cortical responses and expression of inflammatory cytokines in PDL of the maxillary 
1st molar. The peak amplitude of optical signals responding to PDL stimulation tended to be 
increased in parallel to the number of IL-1β and TNF-α immunopositive cells, suggesting that at 
least in part, the enhancement of cortical responses are induced by PDL inflammation. 
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Abstract: Despite the generally accepted view that serotonin plays a key role in migraine 
pathology, the precise contribution of serotonin to this disorder remains largely unknown.To 
approach this issue, we studied, in rats, the action of serotonin (5-hydroxy-tryptamine, 5-HT) and 
its analogues on meningeal afferents, trigeminal neurons and satellite glial cells (SGC) using 
patch-clamp recordings and calcium imaging in primary cultures of trigeminal ganglia. In the 
whole mount meningeal preparation with preserved trigeminal innervation, we found that 
serotonin evoked a robust and long-lasting nociceptive firing (71% were either transient or 
persistent) in the peripheral terminals of meningeal afferents. Similar effect was induced by the 
specific 5-HT3 agonist m-chlorophenylbiguanide (m-CPBG). Thus, 5-HT has a pro-nociceptive 
peripheral effect mainly via the ligand gated 5-HT3 receptors. We have shown that intracellular 
calcium was elevated in 21% of the primary cultured neurons after the administration of 20 uM 
serotonin. Interestingly, the majority of these neurons also responded to capsaicin suggesting a 



co-expression of TRPV1 and serotonin receptors. In the same manner, 21% of SGCs responded 
to serotonin. The specific 5-HT3 agonist m-CPBG increased intracellular calcium response in 
26% of trigeminal neurons suggesting expression of 5-HT3 receptor type in neurons. In contrast, 
m-CPBG was not effective in SGC suggesting expression of metabotropic receptors in these glial 
cells. Our data suggest that serotonin acting via 5-HT3 receptor in the trigeminal nociceptive 
network provides an excitatory nociceptive drive. Serotonin also activate glial cells potentially 
contributing to chronization of migraine pain. 
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Abstract: Migraine is one of the most prevalent primary headache disorders. The underlying 
mechanisms are still unclear, however the activation and sensitization of the trigeminal system is 
essential in the pathogenesis. A well-known human and animal model of migraine headache is 
the systemic administration of nitroglycerin (NTG), a nitric-oxide donor. It can induce an 
immediate headache in healthy subjects, and a migraine-like attack in migraineurs after several 
hours. NTG is able to activate and sensitize the trigeminovascular system in animal experiments. 
Calcium/calmodulin-dependent protein kinase II α (CaMKIIα) is present in the dorsal horn of the 
spinal cord. The peripheral inflammation induced central sensitization depends on the levels of 
CamKIIα, thus CamKIIα is pivotal in this mechanism. Transient receptor potential cation 
channel, subfamily V member 1 (TRPV1) is a non-selective cation channel which occurs in the 



trigeminal nerve system. In chronic pain the expression of TRPV1 is increased, it might be 
involved in the sensitization process. The endocannabinoid anandamide (AEA) is the 
endogenous agonist of the TRPV1 and the cannabinoid receptors. Beside its antinociceptive 
effect it is able to reduce allodynia and hyperalgesia in animal models of neuropathic pain. 
Therefore the aims of our study were to investigate that if AEA and/or NTG are capable of 
changing the CaMKIIα, TRPV1 expression levels after systemic NTG treatment in the dorsal 
horn of the cervical 1-cervical 2 (C1-C2) segments of the spinal cord, where the secondary 
trigeminal neurons are located. To achieve this, we used adult, male SPRD rats (n=20). In the 
first group we administered physiological saline intraperitoneally (i.p.), the second group 
received i.p. NTG. 30 minutes prior to the NTG/saline injection and 1 hour after, we gave i.p. 
AEA to the animals in the third and fourth group. Four hours after the saline/NTG treatment the 
rats were perfused and the C1-C2 spinal cord was removed. CaMKIIα, TRPV1 expression levels 
were detected with Western-blot analysis. Our results showed that both NTG and AEA alone 
was able to increase CamKIIα expression in the C1-C2 segments. NTG and AEA together had an 
opposite effect on this marker, possibly via negative feedback. In the case of TRPV1, NTG 
increased the expression, while this response was not observed with pretreatment with AEA. 
Consequently AEA can prevent the NTG induced sensitization in the secondary trigeminal 
sensory neurons. 
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Abstract: Odontoblasts form dentin at the outermost surface of tooth pulp. Increasing number of 
evidences in recent years along with the locational advantage support the secondary role of 
odontoblasts as sensory or immune cells. Extracellular ATP is well characterized signaling 
molecule in both neuronal and immune systems, and its potential involvement in inter-
odontoblast communications was demonstrated recently. In an effort to elaborate the purinergic 
signaling mechanism in odontoblasts, current study investigated expression of calcium-signaling 
ATP receptors in odontoblasts isolated from incisal teeth of 8-10 week old rats through single 
cell RT-PCR, and their response to ATP application in vitro by calcium imaging expreriment. 
While RT-PCR analysis of tooth pulp detected all seven P2X1- P2X7 subtypes, single cell RT-
PCR analysis of acutely isolated rat odontoblasts revealed P2X2, P2X4, P2X6, P2X7, P2Y2 and 
P2Y4 expression in 23-47% of cells tested, with no evidence for P2X1, P2X3 and P2X5 
expression. Increase of intracellular Ca2+ concentration in response to 100µM ATP, which was 
repeated after pretreatment of thapsigargin or under 0 Ca2+ condition, suggested function of both 
ionotropic and metabotropic ATP receptors in odontoblasts. Positive calcium response to 2’,3’-
O-(benzoyl-4-benzoyl)-ATP (BzATP) and negative response to α,β-methylene ATP confirmed 
P2X2, P2X4 and P2X7 as functional subunits in rat odontoblasts. The enhancement of ATP-
induced calcium response by ivermectin and inhibition by 5-(3-Bromophenyl)-1,3-dihydro-2H-
benzofuro[3,2-e]-1,4-diazepin-2-one (5-BDBD) further confirmed functional P2X4 subtype in 
odontoblasts. The functional expression of P2X4 and P2X7 was corroborated with scRT-PCR 
analysis of the cells harvested after positive response from the calcium imaging experiment. 
Overall, this study demonstrates heterogeneous expression of calcium-related purinergic receptor 
subtypes in subsets of individual odontoblasts, suggesting extracellular ATP as potential signal 
mediators for odontoblastic functions. 
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Title: Nociceptive inputs to trigeminal nucleus caudalis neurons - implications for migraine 
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Abstract: Migraine is a disabling and episodic brain disorder with high prevalence and complex 
pathophysiology. Animal models suggest that sensitization of the trigeminal pathway plays a 
major role in the pathology of migraine, yet little is known about long-term changes in trigeminal 
afferents or their synapses in the brainstem trigeminal nucleus pars caudalis (TNC). We used 
mice expressing channelrhodopsin-YFP in TRPV1 lineage neurons (generated from TRPV1-Cre 
(B6.129-Trpv1tm1(cre)Bbm/J)) to investigate different forms of synaptic plasticity at 
nociceptive primary afferents projecting onto second order relay neurons within the TNC. We 
found with immuno-labeling that these afferents mostly colocalize with CGRP-containing C- and 
Aδ-fibers, thereby indicating that light stimulation would only activate a specific subset of 
primary afferents predominantly designated to the transmission of nociception. Light stimulation 
at the slice edge (473 nm, 0.4 - 1 msec) evoked excitatory postsynaptic currents (EPSCs) and 
often polysynaptic activity in neurons in laminae I-II in acutely prepared transverse TNC slices. 
Using low-frequency stimulation with light (LFS, 1 Hz) we robustly induced long-term 
depression of light-evoked EPSCs (n = 6, 58% ± 13%, p < 0.05). Similar effects were observed 
on light-evoked EPSCs by bath applying PACAP, a neuropeptide that induces migraine in 
humans and sensitizes the trigeminal pathway in mice (n = 5, 66% ± 8% at 10 - 20 min after 
washout, p < 0.05). We hypothesize that reduced excitatory input onto inhibitory neurons could 
disinhibit projecting neurons, thereby yielding an increased net output to connected brain 
regions. In contrast to LFS using light, after application of electric high-frequency stimulation 
(HFS) EPSCs either potentiated (n = 5 out of 14, Δ > 20% 20 min post stimulation) or depressed 
(n = 7 out of 14, Δ < 20% 20 min post stimulation), while the overall average remained 
unaffected (101% ± 14%). The variability in these responses may reflect the heterogeneity of the 
neuronal population and might differ in GABAergic vs glutamatergic postsynaptic cells. Our 
data demonstrate various forms of persistent synaptic plasticity, which might be relevant to 
migraine that depend on the type and frequency of stimulation. 
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Abstract: The insular cortex (IC) has morphologically and functionally unique features 
compared with other sensory areas including somatosensory and visual cortices. 
Cytoarchitectural difference based on the pattern of granular cell layer (layer IV) divides IC into 
three subregions: granular (GI), dysgranular (DI) and agranular IC (AI). These subregions are 
connected each other, and also reciprocally connected between limbic system and thalamus. 
These morphological features are thought to be important for process of multimodal sensory 
information including gustation, olfaction, visceral and thermal sensation, and nociception in IC. 
Recently the voltage-sensitive dye imaging revealed that the peripheral (e.g., tongue) stimulation 
induced region specific excitatory responses in the middle region (approximately 1 mm rostral 
from middle cerebral artery) of AI. And the involvement of layers II/III pyramidal neurons in the 
middle region of AI with these responses was confirmed by in vivo whole-cell patch clamp 
recording. The amplitude of tongue stimuli-induuced evoked excitatory postsynaptic potentials 
(eEPSPs) was dependent on both the stimulation intensity and the membrane potential oscillation 
of AI pyramidal neurons. In this study, we investigated the effects of GABA application on the 
alteration of membrane potential oscillation in AI II/III pyramidal neurons. We performed in vivo 
whole-cell patch clamp recording from middle region of AI. To reconstruct morphological 
feature of recorded cells, only one 
AI neuron was recorded in each animal. AI pyramidal neurons exhibited spontaneous membrane 
oscillation similar with pyramidal neurons in GI and DI (Adachi et al., 2013). Electrical 
stimulations (7 V) of caudal IC (around middle cerebral artery) elicited eEPSPs (11.5 ± 2.9 mV, 
n = 8). Repetitive electrical stimulation with 5 pulses at 50 Hz induced summation of eEPSP. 
Topical application of pentobarbital (2.2 nM in ACSF) reduced the incidence of up state (93.9 
%) and spontaneous action potentials (42.3 %). These findings suggest that GABAergic 
transmission in the middle AI may be involved in sensory processes from tongue. 
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Abstract: Transient receptor potential ankyrin 1 (TRPA 1), responding to noxious cold (<17 ℃) 
and pungent compounds, is implicated in the mediation of nociception, but, little is known about 
the processing of TRPA1-mediated craniofacial nociceptive information at the 1st relay nucleus 
of the CNS. To address this issue, we investigated synaptic connectivity of TRPA1-positive (+) 
axon terminals in the rat trigeminal sensory nuclei (TSN) by using electron microscopic 
immunohistochemistry and analysis of serial sections. Most TRPA1+ terminals made synaptic 
contact with small and medium caliber dendrites or spines. A few of them received axoaxonic 
synapse with pleomorphic vesicles containing endings (p-ending), which were immunolabeled 
for glutamic acid decarboxylase, the synthetizing enzyme for the inhibitory neurotransmitter γ-
aminobutyric acid (GABA). TRPA1+ terminals showed distinct synaptic connectivities among 
each subnuclei of the TSN. i.e., trigeminal principal (Vp), oral (Vo) and caudal (Vc) nucleus. 
Number of postsynaptic dendrites per TRPA1+ terminal was significantly higher in the Vp and 
Vc than in Vo. But, frequency of axoaxonic synapse per TRPA1+ terminal was significantly 
higher in the Vp than Vo and Vc. TRPA1+ terminals showing synaptic contact with soma or 
primary dendrites were frequently observed in the Vo but were rare in the Vp and Vc. These 
findings suggest that TRPA1-mediated nociception is processed in a distinct manner among each 
subnuclei of the TSN which is associated with distinguished neural circuits. 
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Abstract: We have shown previously that cortical spreading depression (CSD), the underlying 
cause of the migraine aura, promotes persistent activation of trigeminal meningeal nociceptors - 
a likely source of the migrainous intracranial headache. Here we report that in rats, CSD also 
leads to increased mechanical responsiveness of meningeal nociceptors, a mechanism suggested 
to mediate the headache exacerbation during activities that involve increased intracranial 
pressure and brain motion. In-vivo extracellular recording of the afferents’ responses to threshold 
and suprathreshold mechanical stimulation of the meninges revealed increased 
mechanosensitivity in about 50% of the units tested. Sensitization was detected in most cases at 
15 min following the CSD and was maintained for at least 30 min. Local treatment with the 
astrocyte toxins L-α-Aminoadipic acid or sodium fluoroacetate blocked CSD-evoked 
sensitization of meningeal nociceptors. Local administration of carbenoxolone, which blocks 
connexin and pannexin gap junctions that are involved in astrocyte signaling also inhibited the 
CSD-evoked mechanosensitization. Local treatment with probenecid, which only inhibits 
pannexins, did not block the CSD-evoked sensitization. ATP, which is released during CSD 
potentially through connexin hemi-channels, could mediate the sensitization. Local treatment 
with PPADS, a broad-spectrum antagonist of the P2X ATP receptor family inhibited CSD 
induced sensitization. However, treatment with TNP-ATP, a more selective inhibitor of P2X3 
and P2X2/3 ATP receptors, which are expressed by nociceptors, was ineffective. None of the 
inhibitors tested had an effect on the CSD-evoked persistent activation of meningeal nociceptors. 
Our data suggest that CSD-evoked meningeal nociceptor sensitization is mediated by cortical 
astrocytes and involves connexin and ATP signaling. Activation of nociceptive P2X3 and P2X2/3 

receptors is unlikely to mediate the sensitization. However, upstream ATP signaling, potentially 
mediated through astrocytic P2X7 receptors, could play a role. CSD induced sensitization and 
activation of meningeal nociceptors likely involve different signaling pathways. 
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Abstract: Question: The descending pain inhibition is a powerful endogenous pain control 
system, originating in the brainstem, inhibiting nociceptive transmission in the spinal dorsal 
horn, and therefore reducing nociceptive input to the brain. The descending inhibition is 
susceptible to cognitive-emotional modulation. The nociceptive withdrawal (RIII) reflex is a 
measure of spinal nociception. Young healthy subjects can learn to use cognitive-emotional 
strategies to suppress their spinal nociception when receiving feedback about their RIII reflex, 
likely by learning to deliberately activate their descending pain inhibition. Here, we investigated 
if RIII feedback training also improves descending pain inhibition in chronic pain patients and 
may help to reduce clinical pain. 
Methods: The RIII reflex was evoked every 8-12 s by electrical stimulation of the sural nerve 
and recorded from the biceps femoris muscle for 8 min. During min 4 to 6, subjects used self-
selected cognitive-emotional strategies to reduce the RIII reflex, while receiving immediate 
feedback about their RIII reflex size. Subjects were: Chronic back pain patients receiving 1) true 
(n = 18) or 2) sham RIII-feedback (FB, n = 15), and 3) healthy controls receiving true RIII-
feedback (n = 15). Before and after the three training sessions, we assessed descending pain 
inhibition using the Conditioned Pain Modulation (CPM) paradigm and clinical back pain 
intensity on the numerical rating scale [0-10]. 
Results: All three groups achieved a significant RIII-suppression, to 82 ± 13% (true-FB patients), 
89 ± 14% (sham-FB patients) and 76 ± 26% (true-FB controls, all groups p ≤ 0.05) of baseline, 
with simultaneous electrical pain reduction (all groups p < 0.001). RIII-suppression was 
significantly smaller in sham-FB patients than in true-FB controls (p < 0.05). After training, only 
true-FB patients had significantly improved their CPM effect (by 18 ± 23%, after vs. before 



training: p < 0.01) and showed a significant reduction of average (-0.8 ± 1.5 [0-10]; p < 0.05) and 
maximum (-1.4 ± 1.8; p < 0.01) back pain. Sham-FB patients neither showed a significant 
improvement of CPM (by 6 ± 28%, p = 0.4) nor a reduction of back pain (-0.3 ± 1.1, p > 0.2). 
Discussion: Results suggest that chronic pain patients are able to learn control over their spinal 
nociception under feedback of the RIII reflex, to a somewhat lesser extent than healthy subjects. 
Furthermore, RIII feedback training improved the descending pain inhibition (CPM) and chronic 
back pain in chronic pain patients. Consequently, RIII feedback training might be a useful 
method to enhance endogenous pain inhibition in chronic pain patients. 
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Abstract: Background Functional neuroimaging experiments suggest that seeing others in pain 
activates a part of the brain circuitry involved in first-hand experience of pain. Accordingly, it 
has been proposed that observers automatically mimic the affective state of the individual they 
see suffering from pain, which possibly promotes prosociality and helping behaviour. It has been 
speculated that endogenous mu-opioid (MOR) and dopamine D2 receptor (D2R) systems, the 
primary neurotransmitter systems modulating physical pain, would also underlie vicarious pain. 
Here we search for the first direct in vivo evidence for this proposal. 
Methods We studied 34 healthy subjects with positron emission tomography (PET) to quantify 
MOR and D2R availabilities, and, subsequently, with functional magnetic resonance imaging 
(fMRI) to unravel haemodynamic brain activity elicited by movie clips (total duration 20 min) 



containing painful and painless scenes. We then explored whether regional MOR (anterior 
cingulate cortex, thalamus, insula) and D2R availabilities (striatum) would explain individual 
differences in haemodynamic responses to vicarious pain. 
Results Seeing others in pain increased fMRI signals in cortical and subcortical areas known to 
be involved in perception of physical pain, including anterior insular cortex, thalamus and 
secondary somatosensory cortex. MOR availability in the regions specified above correlated 
negatively with haemodynamic responses in various parts of the pain matrix, including anterior 
insula, anterior cingulate cortex (ACC), thalamus, and the primary and secondary somatosensory 
cortices. On the contrary, striatal D2R availability correlated positively with haemodynamic 
activity in multiple brain regions, including ACC, cerebellum and primary somatosensory cortex. 
Conclusions Because both opioid and dopamine systems mediated haemodynamic activity to 
vicarious pain, our results are in line with the idea that partially shared neurochemical pathways 
support first-hand physical and vicarious pain. 
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Abstract: Chronic non-specific low back pain (LBP) affects a large proportion of the population 
and its pathophysiology remains undefined. As for other chronic pain conditions, one of the 
mechanisms potentially contributing to chronic non-specific LBP is the alteration of pain 
inhibition processes, including conditioned pain modulation (CPM) and pain inhibition by 
selective attention. Thus, the aim of this study was to determine whether CPM and pain 
inhibition by selective attention are altered in patients with chronic non-specific LBP. Seventeen 
participants with chronic non-specific LBP and age/sex matched controls were recruited. CPM 
and pain inhibition by selective attention were assessed while controlling for non-specific 
temporal effects. The experimental design comprised 3 sessions including 4 blocks: 1) painful 
test stimulus (baseline) 2) painful test stimulus with heterotopic innocuous cold (innocuous 
conditioning) 3) painful test stimulus with heterotopic noxious cold (noxious conditioning) 4) 
painful test stimulus (recovery). Selective attention was manipulated across two of these sessions 



by instructing participants to focus their attention on either the test or the conditioning stimulus. 
In the third session (control), the same test stimulus was delivered in 4 blocks without any 
conditioning or attention intervention. The painful test stimulus consisted in transcutaneous 
electrical stimulation of the sural nerve while innocuous and noxious cold stimuli (conditioning) 
consisted in contact cold and a frozen ice pack applied on the left upper limb, respectively. Pain 
inhibition was not significantly different between groups across sessions and blocks (p = 0.99). 
However, it was different between sessions across blocks when combining all participants from 
both groups (p < 0.001). Indeed, pain inhibition was significantly greater when attention was 
focussed on the innocuous conditioning stimulus in comparison to when attention was focussed 
on the test stimulus (p = 0.008). This indicates pain inhibition by selective attention. For CPM 
assessed with attention focussed on the test stimulus, noxious conditioning produced greater pain 
inhibition compared with innocuous conditioning and this effect was greater compared with the 
corresponding contrast (block 3 vs 2) in the control session (p = 0.049). This shows significant 
CPM. Altogether, these results suggest that patients with chronic non-specific LBP have similar 
CPM and pain inhibition by selective attention compared with age/sex matched controls. 
Therefore, chronic non-specific LBP seems to rely on mechanisms other than altered pain 
inhibition processes assessed in this study. 
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Abstract: Acute pain arises from activation of myelinated (A delta) and unmyelinated (C) 
nociceptive afferents, leading to 1st (A-fiber) or 2nd(C-fiber) pain sensations. The current study 
sought to investigate first and second pain within glabrous and hairy skin sites in human upper 
limbs.Fifty healthy adults (25 males/25 females, 18-30 yrs: mean = 20.5+- 1.4) participated in a 
psychophysical study investigating electronically rated, thermal first and second pain sensations 
within the glabrous skin at the palm and hairy skin of the forearm. Repeated measures ANOVA 
indicated that the threshold for first pain was lower(more sensitive) than for second pain (p = 
.004), and thresholds at glabrous skin were higher than for hairy skin (p = .001). Hairy skin 
presented a steeper slope for testing, whereas there were no differences in slope between first and 
second pain. The study findings support assumptions associated with mechanistic differences 
between first and second pain sensations, while offering a novel method for producing first and 
second pain with the same thermal stimulus. Efforts to understand abnormalities among people 
with clinical pain and development of new therapeutic agents will benefit from specific 
psychophysical methods. 
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Abstract: Pain modulates cognition and brain activities in humans. Research found that pain 
enhances interoception sense and self-focus; meanwhile, individuals in pain are motivated to 
reconcile the painful feeling by pursuing potential reward (Navratilova & Porreca, 2014). As a 
consequence, social interactions might be modulated among painful individuals. However, it’s 
not clear about the mechanisms of how pain influences social cognition and behaviors. To 
address the issue, 112 healthy university students were recruited. They were treated with either 
Capzasin cream (pain group) or hand cream (control group) and manipulated with intergroup 
relationship. Subsequently, participants completed the trust game, the dictator game and the 



investment game (Cameron et al., 2013), by which levels of trust, altruism and risk taking were 
measured. Results showed that female subjects in acute pain (compared with control condition) 
sent more money transfers (12.5 vs. 9.7, p = 0.024) to intergroup members (Fig. a), which 
indicated that physical pain increased trust. In contrast, female participants showed no difference 
on altruism and risk-taking behaviors (Fig. b). In addition, the trust level was positively 
correlated with individual’s expectation of money profit (Fig. c). Furthermore, mediation 
analysis revealed that the effect of pain on trust was mediated by expectation of money profit, 
which was confirmed by bootstrap analysis (Effect Size = 1.98, CI = [0.019 3.00], Fig. d). We 
further tested the pain effects on male sample and the whole sample. Unlike females, the trusting 
behavior along with altruism and risk-taking behaviors of males were not affected by acute pain 
(Fig. e). Our findings demonstrated an effect of physical pain on trust in females, and uncovered 
the underlying mechanisms that increased trust by pain may not be driven by altruistic 
motivation, but possibly by expectation of self-interest. The study extends the biopsychosocial 
model of pain (Gatchel et al., 2007) and may provide rationale for improving social interactions 
for pain patients. 

 

Disclosures:  C. Wang: None. J. Gao: None. X. Dong: None. 



Poster 

706. Pain Models: Human Studies 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 706.06/BB12 

Topic: D.02. Somatosensation: Pain  

Title: Body ownership, illusory limb movement and pain perception: a virtual reality study 

Authors: *M. MARTINI, B. CAOLA, A. G. LEADBETTER;  
Univ. of East London, London, United Kingdom 

Abstract: Recent studies have shown a crucial relationship between the motor system and pain 
management. For instance, transcranial direct current stimulation (tDCS) and transcranial 
magnetic stimulation (TMS) of the primary motor cortex, brought about a successful pain 
modulation in different neuropathic syndromes. Recently it has been shown that even the 
observation of hand movements led to an increased pressure pain threshold specific for the limb 
involved in the movement (left/right), as well as to a decrease in intracortical inhibition in 
healthy subjects. Noteworthily, the vision of the own body part in pain has been shown to be 
analgesic, and such effect holds true even during the vision of an avatar’s body that is felt as own 
body. However, it is still unknown whether the vision of the movement of an embodied avatar’s 
arm may add up to the beneficial effects of seeing limb movements. Therefore, in this study 
twenty-one healthy right-handed subjects were exposed to four virtual reality (VR) observational 
conditions, while receiving increasing ramps of heat stimulation on their right arm. After each 
observational conditions participants were asked to answer questions about ownership, illusory 
movement, attention and illusory ownership of multiple limbs, via a likert scale (1 to 7). For the 
VR exposure two factors were taken into account: the vision of the right avatar’s arm VS a non 
corporeal object, both seen from a first person perspective (factor “Body”), and the movement 
VS stillness of the virtual arm/tube (“Movement”). Preliminary results on pain threshold show 
only a trend to significance of the main factor “Movement” and the interaction 
“Movement*Body”. As expected, the conditions were a movement was involved were generally 
more distracting, and the conditions were the avatar’s arm were shown were those were a higher 
significant level of body ownership was reported. The illusion of having more than one right arm 
was stronger in the conditions were the avatar’s arm was shown. A compelling significant 
negative correlation has been found between the illusion of having more than one arm and the 
pain threshold. These preliminary results show that seeing limb movements in a body ownership 
set-up do not lead to a higher heat pain threshold. Moreover, as suggested in the literature, our 
data show that a distortion in the representation of one’s own body could contribute to 
hyperalgesic processes to kick in.  
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Abstract: Objectives: The present meta-analysis investigates whether the magnitude of placebo 
analgesia is different in patients compared to healthy individuals, and whether placebo analgesia 
is different in experimentally induced pain compared to clinical pain in patients. Methods: A 
literature search in Web of Science (ISI) on the term “placebo analgesia” was conducted. The 
search resulted in 68 studies, including 3924 participants. Fifty-two studies included healthy 
individuals and 16 studies included patients. Of the 16 studies with patients, five studies 
investigated clinical pain and 11 studies investigated experimentally induced pain. Results: The 
average effect size was g = 1.25 for healthy individuals and g = 1.51 for patients (n.s.). In the 
studies with patients, the average effect sizes of placebo treatment was g = 1.73 for 
experimentally induced pain and g = 1.05 for clinical pain (n.s.). However, a chi-square test 
revealed that there were relatively more studies in which there was a clinically significant 
reduction in pain with patients compared to healthy volunteers (p =.04). Conclusions: The 
findings suggest that studies on healthy individuals may underestimate the magnitude of the 
placebo analgesic effect in patients, and that clinical pain respond to placebo to the same degree 
as experimentally induced pain. 
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Abstract: Purpose: Previous clinical trials have demonstrated an advantage to IP chemotherapy. 
However neurotoxicity in the form of painful sensory neuropathy is a common treatment-
limiting toxicity. A phase I study was undertaken to evaluate the safety, tolerability, and 
pharmacokinetics of IP nab-paclitaxel.  
Methods: Eligible patients received IP nab-paclitaxel on days 1, 8, 15 of a 28-day cycle with a 
3+3 dose-escalation design. Plasma and peritoneal pharmacokinetic samples were drawn prior to 
dose, immediately upon completion of infusion, 1, 2, 4, 6, 8, 12, 24 and 48 hours post-dose on 
C1D1 and C1D15. Patients also underwent voluntary neurological exam, nerve conduction 
studies, and quantitative sensory nerve testing at baseline and at pre-cycle three.  
Results: The trial completed with 27 patients with peritoneal carcinomatosis secondary to 
gynecological malignancies (n=14), gastrointestinal malignancies (n=12), and peritoneal 
mesothelioma (n=1). The starting dose level was 35mg/m2 and escalated to 170mg/m2. The 
maximum tolerated dose (MTD) of IP nab-paclitaxel was established at 140 mg/m2, while to the 
MTD of weekly IV nab-paclitaxel was established at 100 mg/m2 in heavily pretreated patients 
and 150 mg/m2 for the lightly pretreated group. Drug limiting toxicities included grade 3 
neutropenia resulting in treatment delay >15 days, grade 3 abdominal pain and grade 4 
neutropenia > 7 days. Fourteen patients underwent voluntary neurological exam, nerve 
conduction studies, and quantitative sensory nerve testing at baseline and at pre-cycle three. 
Although there was a slight trend towards worsening neuropathy, no significant differences were 
found for any of the measured parameters. 
Discussion: IP nab-paclitaxel achieved therapeutic levels in the peritoneum and systemically, 
without causing significant objective or subjective neuropathy. This is in contrast to other forms 
of taxane-based chemotherapies and IV nab-paclitaxel, for which neuropathy is a common 
treatment-limiting toxicity. 
Conclusion: IP nab-paclitaxel has a favorable neuro-toxicity profile and can be safely 
administered in patients with prior exposure to paclitaxel. 
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Title: Adaptive neurotechnologies for improved management of chronic pain 

Authors: *S. N. JOSHI1, A. DE PESTERS1,2, P. BRUNNER1,3, J. P. CLEARY4, J. FUDIN4,5,6, 
G. SCHALK1,2,3;  
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NY; 5Remitigate, LLC, Delmar, NY; 6Western New Eng. Univ. Col. of Pharm., Springfield, MA 

Abstract: Chronic pain costs billions of US dollars yearly. Pharmacologic treatment options are 
expensive and have treatment barriers that include neurotoxicity, gastrointestinal bleed, kidney 
dysfunction, cardio-pulmonary toxicities, opioid addiction sequalae, and opioid related concerns 
that include tolerance, dependence, respiratory depression and various public health detriments. 
Recent recognition of the remarkable plasticity of the nervous system opens up the exciting 
possibility to develop systems that establish real-time adaptive interactions with the nervous 
system to improve functions impaired by injury or disease. In the context of chronic pain, these 
systems, called adaptive neurotechnologies, could induce beneficial neuroplasticity that reduces 
pain perception and thus creates an entirely new, non-pharmaceutical, approach to management 
of chronic pain. 
The possibility for this approach to pain modulation is further supported by the growing 
recognition that pain may not be proportional to peripheral nociceptive input alone. Indeed, it is 
now well known that nociceptive input is modulated at multiple levels in the brain, including 
subcortical and cortical areas, and nociception may neither be sufficient nor necessary for the 
experience of chronic pain (Moseley, 2003, Jensen et al., 2008). Different functional imaging 
techniques provide a window into these modulatory brain processes. For example, in subjects 



experiencing acute pain, specific frequencies in electroencephalographic (EEG) signals are 
related to the magnitude of the experience of pain. Specifically, many studies have shown that 
reduced power in the alpha (8-12 Hz) band is associated with increased experience of acute pain 
(Jensen et al. 2008) that may be due to increased transfer of nociceptive information through 
thalamo-cortical and cortico-cortical channels (Jacobs et al. 2015). 
Our overall goal is to develop, implement and validate a novel adaptive neurotechnology to 
improve the management of chronic pain. In the present pilot study, we hypothesize that, for 
patients with chronic pain in their extremities, the power of sensorimotor alpha is negatively 
related to pain perception, that patients can learn to associate pain perception with an increase in 
alpha power, and that this change in brain function reduces perception of chronic pain in the 
extremities. 
To date, we have studied 3 patients who underwent non-invasive monitoring of scalp EEG. 
Initial results show that alpha power is reduced on the hemisphere contralateral to the painful 
extremity, and that contralateral alpha power is decreased further during attention to or 
stimulation of the painful hand. 
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Title: Topical Lidoderm® (lidocaine 5% patch) alters the density of sodium channel subunits in 
epidermal keratinocytes among patients with diabetic neuropathy 
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Abstract: According to the NIH, in 2012 there were close to 30 million people in the United 
States with diabetes, effecting men and women equally, and estimates of up to 1 in 5 of those 
patients (roughly 6 million individuals) experience painful diabetic neuropathy (PDN). The 
purpose of this research study was to document the extent of topical lidocaine, administered via 
Lidoderm®, to provide therapeutic benefit to patients suffering with PDN, and to determine if 
epidermal keratinocyte expression of voltage-gated sodium channel subunits was altered in 
patients compared with controls, and to document if the expression was changed following patch 
treatment. The final cohort of study contained 21 painful diabetic neuropathy patients, 12 non-
painful diabetic neuropathy patients, and 11 healthy control subjects. Each of the subjects 
underwent a detailed quantitative sensory testing (QST) battery, followed by a 3mm cutaneous 
punch biopsy, application of the Lidoderm® 5% patch for 4-weeks, followed by a subsequent 
QST and punch biopsy. Clinical reporting measures were maintained to determine responders 
from non-responders, and immunochemical evaluations were performed on the pretreatment and 
post-treatment biopsies to determine innervation and voltage-gated sodium channel expression 
changes. Lidoderm® provided substantial analgesic relief to painful diabetic patients. Evaluations 
of the cutaneous innervation revealed that no changes among the epidermal, subepidermal, or 
upper dermal compartments were detected that corresponded with the response to, or 
effectiveness of, the treatment. In contrast, a significant decrease in keratinocyte expression of 
Nav1.6 correlated with reduced painfulness after treatment, whereas keratinocyte Nav1.7 
expression remained generally unaltered. The results indicate that the use of Lidoderm® to treat 
painful peripheral neuropathy may involve mechanisms associated with keratinocyte expression 
of sodium channel subunits, and that epidermal keratinocyte expression of specific Nav subunits 
may serve as a predictor of patch treatment efficacy. 
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Title: Selective stimulation of silent, mechano - insensitive C nociceptive fiber in humans? 
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Abstract: Mechanisms of painful peripheral neuropathies (PPN) are still unclear and biomarkers 
are not available. Abnormal spontaneous activity of C-mechano-insensitive silent fibers (CMi) is 
a likely source of the pain in animals and humans with PPN. Activation of CMi fibers produces 
axon-reflex related flare (1). However, CMi activation thresholds are substantially higher 
compared to C-polymodal CMH fibers which makes these fiber inaccessible for any behavioral, 
psychometric (QST) or cortical evoked potential tests. These high thresholds are likely due to the 
deeper location of CMi fibers compared to CMH fibers. Thus, assessment of CMi fibers is 
impossible for clinic practice, clinical research or preclinical analgesic development. We 
developed a diode laser C-fiber type selective stimulation (C-DLss) technique that may 
selectively test CMi fibers (2). DLss radiation penetrates deep into the skin, homogeneously 
heating superficial and subepidermal skin layers, thereby allowing access to deeply located C 
fibers. A decreased density of intraepidermal fibers and 50% lower density of CMH vs. CMi 
fibers (3) as well as sensitization to heat of CMi fibers allows for their selective activation in 
PPN patients (4). Here we present a modified method that may provide selective activation of 
CMi vs. CMH fibers in healthy subjects. We hypothesized that controlled cooling of skin surface 
allows to temporarily decrease response from epidermal C fibers mimicking functional 
denervation, though deeper located dermal CMi fibers would be spared from cooling allowing 
for study by DLss. Thus, selective stimulation of CMi nociceptors could be possible. The 
activation of CMi fibers was confirmed by generation of axon-reflex flare. The C-DLss stimuli 
with duration 1 s were applied to cooled (22 C°+/-1 C°) and non-cooled (32 C° +/-1 C°) inner 
forearm skin of healthy subjects. Sub- and supra pain threshold intensities did not produce warm 
or hot sensations in cooled skin, but only a single modality step function of pain perception. We 
conclude that DLss stimulation combined with superficial skin cooling provides specific noxious 
heat stimulation of deeper skin layers that activates CMi nociceptors. 
1. Schmelz et al. Which nerve fibers mediate the axon reflex flare in human skin? Neuroreport 
2000.2. Moeller-Betram et al. Sensory Small Fiber Function Differentially Assessed with Diode 
Laser Quantitative Sensory Testing in Painful Neuropathy. Pain Medicine 2013.3. Orstavik et al. 
Abnormal function of C-fibers in patients with diabetic neuropathy. J Neurosci 2006.4. Nemenov 
et al. Heating of deeper skin layers might detect spontaneously active heat-sensitized 
nociceptors. SFN 2015. 
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Title: Oxidant-mediated release of high mobility group box 1 (HMGB1) and inflammatory 
cytokines in synovial fibroblasts through TLR-4 activation: Effect on cell death. 

Authors: *A. A. ALSOUSI, O. J. IGWE;  
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Abstract: BACKGROUND: As a chronic autoimmune systemic disease, rheumatoid arthritis 
(RA) is a leading cause of disability that affects about 1% of the worldwide population, 
especially women. RA is characterized by synovial inflammation that lead to tissue and bone 
destruction. The factors that initiate, propagate and maintain RA are not clear. Reactive oxygen 
species (ROS) can interact with and modify cellular macromolecules, which results in structural 
and/or functional changes in gene and protein expressions. ROS are recognized as an important 
initiating factor in many diseases. Trace metals as pro-oxidants are sources of reactive species 
that can cause cellular oxidative stress. High mobility group box 1 (HMGB1) is a nuclear protein 
that is released by damaged or stressed cells. HMGB1, involved in both acute and chronic 
inflammatory process, is a representative damage-activated molecular pattern (DAMP) molecule 
that can activate TLR-4. A pathophysiological aspect of RA is an increase in the number of 
resident synovial cells and the resistance of fibroblasts to receptor induced apoptosis. Molecular 
changes in synovial fibroblasts that are induced by the exogenous pro-oxidants point to profound 
oxidative adaptations, which suggest their involvement in RA pathogenesis. 
METHODS: We used three trace metal agents as exogenous sources of pro-oxidants. These 
include potassium peroxychromate (PPC) (Cr+5), cuprous chloride (Cu+), and ferrous chloride 
(Fe2+), which we used to examine the biochemical interactions of pro-oxidants in HIG-82 
synovial fibroblasts. HMGB1 release was measured by immunofluorescence (IF), ELISA and 
flow cytometry (FC). Cell death was measured by FC and WB, whereas inflammatory cytokines 
were quantified by ELISA. 
RESULTS: The pro-oxidants increased HMGB1 release from the nucleus to the cytoplasm and 
upregulated its protein expression. Pro-oxidants increased release of both pro-inflammatory 
cytokines TNF-α, IL-1β and the anti-inflammatory cytokine IL-10. Furthermore, pro-oxidants 
increased proliferation of synoviocytes and appear to protect cells against apoptosis through 
activation of autophagy pathway.  



CONCLUSIONS: Oxidant-induced TLR-4 activation caused release of HMGB1 as a pro-
inflammatory response and other inflammatory cytokines such as TNF-α, which mediates pro-
inflammatory actions and contribute to the pathogenesis of RA. The trace metals as pro-oxidants 
may protect against apoptosis by inducing autophagy while increasing synovial fibroblasts 
proliferation, which is in agreement with the pathophysiological changes that occur in active RA. 
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Abstract: Dorsal root ganglion (DRG) neurons perceive and discriminate diverse types of 
sensations. Nociceptors are a subgroup of DRG neurons specialized in translating noxious pain 
stimuli to the spinal cord and higher brain centers. Following a noxious insult nociceptors are 
known to have enhanced excitability and peptide secretion (England et al., 1994; Garry and 
Hargreaves, 1992) both of which, are likely to be a consequence of increased membrane 
trafficking and vesicle fusion with the plasma membrane. 
Vesicle associated membrane proteins (VAMPs) are vesicular SNARE proteins (v-SNAREs) 
which complex together with cognate target SNARE proteins (t-SNAREs) found on ‘acceptor’ 
compartments to regulate membrane trafficking and vesicle fusion; while much is known about 
the v- and t-SNAREs involved in the fusion of neurotransmitter and neuropeptide containing 
vesicles with the plasma membrane, to date the identity of SNAREs involved in trafficking ion 
channels to the plasma membrane of nociceptors is unknown. 
Microarray data indicates all 7 isoforms of vamp mRNA are expressed in primary cultures of 
DRG neurons. Using subtype selective antibodies, we have confirmed DRG neurons express the 
7 isoforms at the protein level, although our immunocytochemistry data analysis suggests 
differences in expression levels of specific isoforms across somata sizes. 
Preliminary studies using novel engineered clostridium neurotoxins (Bitox A and Tetbot A) 
(Ferrari et al., 2013; Mangione et al., 2016) targeting the neuronal t-SNARE SNAP-25 suggest 



that inflammation induced trafficking of voltage-gated cation channels to the plasma membrane 
does not use the same SNARE machinery as is required for neurotransmitter release. 
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Abstract: There is now compelling evidence suggesting that chemokines, and especially CCL2 
and its cognate receptor CCR2, contribute to the development and maintenance of chronic pain. 
However, due to the chemokine redundancy and lack of selective antagonists, classical 
pharmacological approaches did not provide specific insights into the regulation of chemokines 
in different chronic pain paradigms. In this study, we thus investigated the temporal contribution 
of the CCL2/CCR2 axis to mechanical hypersensitivity in a chronic inflammatory pain model by 
using specific 27-mer double-stranded dicer substrate small interfering RNA (DsiRNA). 
DsiRNA were encapsulated into lipid nanoparticles (LNPs) with the NanoAssemblr™ system 
from Precision NanoSystems Inc. LNPs containing DsiRNA targeting either CCL2 or CCR2 
were intrathecally (i.t.) administered to Sprague Dawley rats at different time points before or 
after intraplantar administration of complete Freund’s adjuvant (CFA). CFA-induced mechanical 
hypersensitivity was measured using von Frey hairs. Firstly, LNPs containing the Dil fluorescent 
dye intrathecally injected between L5 and L6 vertebrae were shown to be up-taken by L4-L6 
dorsal root ganglia (DRG). However, no fluorescence staining was detected in the corresponding 
L4-L6 spinal cord segment. Accordingly, western blot analysis demonstrated that knockdown of 
the target protein by LNPs containing DsiRNA only occurred in DRG tissue. Secondly, repeated 
i.t. injections of 5 µg of DsiRNA against CCL2 or CCR2 48 h and 24 h before CFA 
administration completely prevented CFA-induced mechanical hypersensitivity up to day 5 post-



CFA. Finally, when injected 24 h and 48 h after CFA, DsiRNA against CCR2 also reverted the 
mechanical hypersensitivity up to day 5 post-CFA, while DsiRNA against CCL2 only exerted a 
significant anti-allodynic action up to day 3. Interestingly, while the mechanical hypersensitivity 
was present on days 7-10 post-CFA, animals treated on days 1 and 2 post-CFA with DsiRNA 
against either CCR2 or CCL2 exhibited a significantly higher mechanical threshold on day 14 
post-CFA than rats treated with non-targeting control DsiRNA. These experiments thus reveal, 
through the development of nanoparticle-encapsulated DsiRNA, that the CCR2/CCL2 axis 
expressed at the DRG level contribute in a time-dependent manner to the generation of chronic 
inflammation-induced pain. These results further support the use of RNAi-based gene therapy as 
a highly specific alternative to classical pharmacological approaches to treat central pathologies 
such as chronic pain. 
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Abstract: Interferon-γ (IFN-γ) in slowly conducting nerve fibers both in normal and in inflamed 
knee joints acts as an antinociceptive cytokine, whereas its effect on fast conducting fibers 
depends on the situation in the knee joint (inflamed or non-inflamed). In this study we 
investigated whether the antinociceptive effect of IFN-γ is still maintained in normal knee joints 
when it is applied simultaneously with or consecutively after sensitization by a pronociceptive 
cytokine (IL-17A or TNFα). Healthy adult WISTAR rats were anesthetized with sodium 
thiopentone (100 mg/kg, i.p.). The knee joint was mechanically stimulated by innocuous (20 
mNm) or noxious (40 mNm) rotations of the lower leg against the fastened femoral bone for 15 
sec each. Action potentials were recorded from nerve fibers that were classified as C- or as Aδ-
fibers by their conduction velocity (<1.4 m/s or <10 m/s, respectively). Compounds were 
injected into the joint cleft at a volume of 0.1 ml each. In normal knee joints a single 
intraarticular injection of 10 ng of IFN-γ together with 100 ng of IL-17A decreased significantly 



the net response rate of C-fibers to noxious stimulation within three hours (IFN-γ alone by 
171±56, IFN-γ+IL-17A by 335±66 APs/15s, mean±SEM, respectively). The combination of 
IFN-γ+IL-17A decreased to a minor degree the response rates in Aδ-fibers (no change after IFN-
γ alone, IFN-γ+IL-17A decrease by 76±40 APs/15s). When slowly conducting C-fibers were 
first sensitized by an injection of 50 ng of IL-17A (increase in net response rate to noxious 
stimulation within 2 hours by 42±15 APs/15s), a subsequent injection of 10 ng of IFN-γ 
decreased the net response rate within 1 hour by 64±26 APs/15s below control values. The 
utilization of the same protocol to fast conducting Aδ-fibers did not induce any changes in the 
response rate to either innocuous or noxious stimuli. Simultaneous application of 10 ng of IFN-γ 
together with 5 ng of TNFα completely prevented the sensitizing effect of TNFα in slowly and in 
fast conducting nerve fibers throughout the 3 hours observation period (C-fibers control 169±13, 
after 3 hours 179±18 APs/15s, Aδ-fibers control 379±28, after 3 hours 407±18 APs/15s, 
respectively). The antinociceptive effect of IFN-γ in slowly conducting nerve fibers is still 
maintained, when it is applied together with pronociceptive cytokines. IFN-γ is also able to 
desensitize these nerve fibers after previous sensitization with a pronociceptive cytokine. 
Therefore, IFN-γ is an important player in the precise adjustment of the different cytokines 
released in the joint cleft. 
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Abstract: Painful experiences are multi-layered, composed of sensory, affective, cognitive and 
behavioural facets. While it is well accepted that the development of chronic pain is due to 



maladaptive neuronal changes, the underlying molecular mechanisms and their relationship to 
the different pain modalities is still not well understood. We have previously shown that a BDNF 
(Brain-Derived Neurotrophic Factor) - dependent plasticity takes place in the anterior cingulate 
cortex in a inflammatory model of chronic pain induced by intraplantar injection of Complete 
Freund ‘s Adjuvant (CFA). In this brain area, BDNF is a key mechanism in the development and 
maintenance of the affective-emotional aspect of chronic pain, while it does not modify the 
sensory discrimivative aspect (Thibault et al., 2014). In the current study we explore i) the 
presence of structural plasticity in the ACC in this animal model and ii) the putative role of the 
Rac-1 signaling pathway. Using Golgi- and immune-staining for several pre- or post-synaptic 
components, as well as behavioural tests that explore specifically the sensory discriminative 
(Von Frey hairs, cold plate) or the emotional aspect of pain (passive avoidance tests to either 
mechanical or cold stimuli), we show that the anterior cingulate cortex is indeed the site of 
structural plasticity, through a Rac-1 dependent mechanism and that pharmacological blockade 
of Rac-1 specifically prevents the development of the emotional aspect of chronic pain. 
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Abstract: Introduction. Extracellular proteolytic activity depends on the balance of zymogen 
activation, protease secretion, and the availability of endogenous inhibitors. During 
inflammatory and neuropathic pain, lysosomal cathepsin S is released from peripheral 
macrophages and spinal microglial cells, and peripheral cathepsin S can cause pain via biased 
agonism of protease-activated receptor-2 (PAR2). Endogenous cysteine protease inhibitor 
cystatin C is present in extracellular fluid, but its role in regulating pain is unknown. We 
evaluated contributions of PAR2 and cystatin C to cathepsin S-evoked pain. 
Methods. We administered cathepsin S by intraplantar or intrathecal routes, or made intraplantar 
injections of macrophage activator zymosan to mice. We measured paw thickness to assess 



inflammatory edema and withdrawal from von Frey filaments to assess mechanical allodynia. To 
determine mechanisms of cathepsin S-evoked inflammation and pain, we studied PAR2 and 
cystatin C knockout (KO) mice, or treated wild-type (WT) mice with cathepsin S inhibitor Z-FL-
COCHO, or substance P (SP) neurokinin 1 receptor (NK1R) antagonist SR140,333. We used 
activity-based probes to assess cathepsin S activity in tissue. 
Results. In WT mice, intraplantar cathepsin S induced edema and mechanical allodynia of the 
paw, and intrathecal cathepsin S also caused allodynia. Proinflammatory and algesic actions of 
peripherally and centrally-mediated cathepsin S were diminished in PAR2-KO mice. Intrathecal 
SR140,333 also blunted algesic effects of intrathecal cathepsin S, consistent with a neurogenic 
mechanism involving PAR2-dependent release of SP from central projections of nociceptive 
neurons and activation of NK1R on spinal neurons. Doses of cathepsin S that was too low to 
induce inflammation and allodynia in WT mice, caused a slowly developing but marked 
inflammation and allodynia in cystatin C KO mice. After administration of cathepsin S, 
enzymatic activity in tissues, determined using an activity based-probe, was markedly higher in 
cystatin C KO that WT mice, consistent with the exacerbated inflammation and pain in cystatin 
C KO mice. Cathepsin S inhibitor attenuated inflammatory and hyperalgesic actions of zymosan, 
implicating a key role for endogenous cathepsin S. 
Conclusions. Our results show that PAR2 mediates proinflammatory and algesic actions of 
cathepsin S both in the periphery and in the spinal cord, and implicate SP and NK1R in central 
mechanisms of cathepsin S-evoked and PAR2-mediated algesia. Cystatin C attenuates 
proinflammatory and algesic actions of cathepsin S by suppressing cathepsin S activity in 
extracellular fluid and limiting activation of PAR2. 
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Title: Antibiotic-mediated changes in formalin-induced pain responses differ between genders in 
DID model 
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Abstract: Inflammatory pain is a condition in which tissue becomes over sensitized and 
produces an exaggerated pain response to both painful stimuli, and in the case of allodynia, 
otherwise innoculous stimuli. Inflammatory pain can be induced through a variety of 
mechanisms and treatment can be difficult due to the complex signaling mechanisms that 
mediate the state, examples of which include prostaglandins, growth factors, and inflammatory 
cytokines. Inflammatory cytokines, such as TNF-alpha, are often released in response to chronic 
alcohol consumption, a common cause of inflammatory pain. Anti-inflammatory agents such as 
NSAIDs are among the most common treatments for inflammatory pain, but present problems 
such as liver toxicity when co-administered in the presence of chronic alcohol consumption. 
Novel approaches for treating inflammatory pain are now being investigated through the 
repurposing of readily available medications such as antidepressants, anxiolytics, and as is the 
case in this study, antibiotics. Aside from their main application as antibiotics, the tetracycline 
class of compounds has demonstrated anti-inflammatory properties. The goal of this study was to 
evaluate the efficacy of a synthetic tetracycline derivative as an anti-nociceptive agent in the 
formalin model (10ul at 2.5 % i.pl.) of pain using male and female mice in both chronic-drinking 
and non-drinking conditions. The results demonstrate a polarizing effect on pain perception 
between male and female mice across all experimental conditions. Females demonstrated the 
lowest pain threshold when exposed to the combined treatment of tetracycline and alcohol while 
males demonstrated the opposite effect. Males in the combined treatment were the least sensitive 
to pain of any condition. These results raise questions as to whether gender differences influence 
the efficacy of tetracyclines as treatments for pain and if so, what the mechanism behind these 
differences may be. 
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Title: Analgesic effects of sialidase in inflammatory pain: the role of gangliosides in nociceptive 
signaling. 

Authors: *S. WATANABE, K. TAKANO, M. SAGAWA, T. IWAI, Y. IKEDA-MATSUO, Y. 
NAITO, M. TANABE;  
Dept. of Pharmacol. Sch. of Pharm., Kitasato Univ., Tokyo, Japan 

Abstract: Gangliosides play essential roles in nervous system functions through regulating 
membrane organization. Gangliosides are sialic acid containing glycosphingolipids synthesized 
from ceramide and divided into four groups (asialo-, a-, b-, and c-series gangliosides) based on 
their biosynthetic pathway. Handa et al. revealed that St8sia1 knockout mice, which lack b- and 
c-series gangliosides but not asialo- and a-series gangliosides, show altered nociceptive behavior 
(1). However, the molecular mechanism underlying pain defects remains unknown. To address 
this issue, we first examined whether gangliosides in skin tissues are involved in nociception. 
Intraplantar injection of b-series ganglioside GT1b, but not a-series ganglioside GM1, produced 
nociceptive behavior and enhanced 0.05% formalin-induced nociception (GT1b-induced 
hyperalgesia) in ICR mice. GT1b-induced hyperalgesia was blocked by glutamate receptor 
antagonists and elimination of glutamate in subcutaneous tissues using glutamate degradation 
enzymes. Furthermore, subcutaneous microdialysis analysis revealed that intraplantar GT1b 
injection increased glutamate concentration. These findings suggested that GT1b increased 
extracellular glutamate concentration in subcutaneous tissues, thereafter activating peripheral 
glutamate receptors, which in turn resulted in nociceptive behavior and hyperalgesia (2). 
When compared with a-series gangliosides, b-series gangliosides have two sialyl residues linked 
to the galactose in the second position from ceramide. Therefore, sialyl residue seems to be 
important in nociceptive behavior after intraplantar injection of gangliosides. We examined the 
effects of sialidase, which degrades sialyl conjugates including gangliosides, in nociceptive 
behavior. One day after intraplantar injection of complete Freund’s adjuvant, sialidase from 
Arthrobacter Ureafaciens was injected into the same plantar area. Indeed, sialidase treatment 
reduced mechanical allodynia caused by complete Freund’s adjuvant induced inflammation. 
Consistent with analgesic effects of sialidase, intraplantar injection of GT1b into naïve mice 
induced mechanical allodynia. Furthermore, lipid extracts from inflammatory skin tissues but not 
naïve skin included complex gangliosides. These results suggested that inflammation leads to 
increased complex gangliosides in skin tissues, which is involved in inflammatory pain. 
(1) Handa Y et al., (2005) Pain, 117, 271-279. 
(2) Watanabe S et al., (2011) Pain, 152, 327-334. 
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pain:evaluation of glutaminase type 1 mutant Sprague-Dawley rats 
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Abstract: Increased glutamatergic tone contributes to peripheral sensitization during tissue 
inflammation. Glutaminase type 1 (GLS1) is the synthetic enzyme that converts glutamine to 
glutamate in the nervous system. Several pharmacological studies have demonstrated the 
significant role of GLS1 in maintaining high glutamate level during acute and chronic 
inflammatory pain. In the current study, GLS1 heterozygous knockout (GLS1+/-) rats were 
custom made out from outbred Sprague-Dawley rats, generating a rat model with 
hypoglutamatergic tone. Inflammatory pain was measured during an adjuvant-induced arthritis 
(AIA) model. A 2 × 2 design was made with genotype (WT vs GLS1+/-) and inflammation (naïve 
vs AIA) as the two variables. Four experimental groups were generated (WT-naïve, WT-AIA, 
GLS1+/--naïve and GLS1+/--AIA). Behavioral, histopathological and molecular analyses were 
performed. GLS1+/- rats have no detectable alterations in anatomical or histological structures 
compared to the WT littermates. Under physiological conditions, GLS1+/- rats have decreased 
GLS1 expression in the dorsal root ganglion (DRG) neurons and peripheral tissues, but normal 
nociception compared to the WT littermates. When evaluating the inflammatory pain, GLS1+/--
AIA rats developed less sensitization compared to WT-AIA rats. Both WT and GLS mutants had 
increased GLS1 in the associated lumbar DRG after AIA. However, the magnitude of elevation 
between GLS1+/--naïve and GLS1+/--AIA rats was smaller than those of WT littermates. The 
characterizations of GLS1+/- rats help us understand the role of GLS1 in maintaining 
glutamatergic tone. These results support that glutamatergic signaling has various contributions 
in physiological nociception and inflammatory pain. 
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Title: Expression of anoctamin-1 and bestrophin-1 in inflammatory and neuropathic pain models 
in rats 
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Abstract: Intracellular chloride (Cl-) concentration could increase in primary sensory neurons 
when exposed to inflammatory mediators or after nerve injury. Such increase modifies the Cl- 
electrochemical potential and turns it more positive. In this way, calcium-activated chloride 
channels (CaCCs) activation produces a Cl- efflux that under these particular conditions might 
facilitate the nociceptive terminals depolarization contributing to the generation of action 
potentials. Previous studies have suggested the participation of bestrophin-1 and anoctamin-1, 
members of the CaCCs, in inflammatory and neuropathic pain, but their regulation during these 
states are unclear. The aim of this investigation was to study the expression of anoctamin-1 and 
bestrophin-1 in inflammatory and neuropathic pain models. Experiments were carried out in 
adult female Wistar rats (body weight 140-220 g). Rats received an intraplantar injection of 
vehicle (saline or 10% ethanol, 10% Tween 20, and 80% saline), formalin (1%), bradykinin (10 
nM), serotonin (0.1%) or capsaicin (0.1%) in to the right hind paw or spinal nerve ligation. 
Bestrophin-1 and anoctamin-1 mRNA and protein expression were determined in the lumbar 
spinal cord and dorsal root ganglia (DRG) in naïve, injected (1 h, 1, 3 and 6 days) and 
neuropathic rats (1, 7, 14 days) by PCR, Western blot and Immunofluorescence, respectively. 
Bestrophin-1 and anoctamin-1 mRNA and protein were expressed in the lumbar spinal cord (SC) 
and DRG of all groups. Intraplantar inject of formalin, bradykinin, serotonin and capsaicin 
increased mRNA and protein expression of bestrophin-1 and anoctamin-1 compared to the naïve 
group in the SC and DRG from 1st to 6th day after injection. Nerve ligation increased mRNA and 
protein expression of anoctamin-1, but not bestrophin-1, at the SC and DRG. 
Immunofluorescence showed that bestrophin-1 is expressed in non-peptidergic fibers and 
microglia at outer laminas of the dorsal horn SC. Moreover, the expression of bestrophin-1 and 
anoctamin-1 was observed in small to medium sized peptidergic and non-peptidergic DRG 
neurons. Results suggest that bestrophin-1 and anoctamin-1 are present in sites involved in the 
transmission of nociception and their expression is being modulated under inflammatory and 



neuropathic pain conditions. Likewise, the data suggest that the CaCCs may represent a possible 
therapeutic target to develop analgesic drugs. 
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Abstract: The protease-activated receptor (PAR)2 family, a group of G-protein coupled 
receptors, is expressed on peripheral sensory neurons. Its activation evokes mechanical 
hyperalgesia; however, its cellular mechanism is still unknown. Recently, it has been reported 
that T-type Ca2+ channels contribute to nociception, and augmentation of the T-type calcium 
current (ICa-T) may evoke hyperalgesia by sensitizing peripheral nociceptors. Therefore, we 
hypothesized that PAR2-induced pain may be due to sensitization of primary sensory DRG 
neurons evoked by augmentation of ICa-T. Trypsin (30 nM) and PAR2-activating peptide H-Ser-
Leu-Ile-Gly-Arg-Leu-NH2 (SL-NH2) (100 µM) augmented ICa-T. In current-clamp experiments, 
PAR2 agonists increased excitability by increasing after-depolarizing potentials (ADP)s, 
lowering the threshold for action potential (AP) firing. These effects were completely reversed to 
the control levels by application of mibefradil, (1 µM), a potent T-type channel blocker. In 
addition, intraplantar (i.pl.) injection of PAR2 agonists induced a prolonged mechanical 
hyperalgesia and elevated spinal c-Fos protein expression. These effects were prevented by co-
treatment with mibefradil (5 µg/paw). These observations suggest that PAR2 activation readily 
augments ICa-T in peripheral nociceptive neurons, and this augmentation of ICa-T may be involved, 
at least in part, in PAR2-evoked mechanical hyperalgesia. 
This research was supported by the Pioneer Research Center Program through the National 
Research Foundation of Korea funded by the Ministry of Science, ICT & Future Planning (2012-
0009525) and a faculty research grant of Yonsei University College of Medicine for 2006 (6-



2011-0164). 
Key words: protease-activated receptor; T-type Ca2+ channel; mechanical hyperalgesia; 
inflammation; peripheral sensitization; nociceptor 
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Title: The role of mir23b and let-7a in glutamatergic myenteric innervation in trinitro-benzene-
sulphonic acid-induced colitis in rats. 
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Abstract: Chronic inflammatory bowel disease such as colitis is characterized by abdominal 
pain and pharmacological therapies are very limited. At the same time, the excessive and 
exacerbated immune response within the gastrointestinal tract makes the underlying mechanisms 
of colitis more complex to understand. Our previous finding showed elevated levels of 
glutaminase (GLS) in dorsal root ganglion (DRG) neurons in TNBS-induced colitis in WT rats. 
The incomplete understanding of mechanisms of gene expression led us to investigate the 
interaction between the inflammatory and neuronal responses affecting GLS in WT and GLS+/- 
animals. Experimentally, we induced colitis in Sprague-Dawley WT and GLS+/- rats by infusing 
TNBS into the colon and collected the colon and DRG (S1 and L6) at different time points. 
Immune hyperactivity in colon was evident in TNBS induced colitis rats with very inflamed 
colons. We examined miRNAs miR23b and miR-Let7a, which target GLS and nerve growth 
factor (NGF)-β respectively. TNBS-induced colitis decreased the expression of miR23b 5p as 
well as 3p in both WT and GLS+/- rats at day2. This decrease in miRNA levels corresponded 
with increase in GLS protein expression in TNBS-induced colitis. The expression of Let7a-5p on 
the other hand increased in this colitis model. We are currently investigating to find the NGF β 
protein expression levels to relate with Let7a results. Further, we investigated if the change in 
miRNA profile in colon affected the myenteric ganglia. Immunohistochemical analysis showed 



that during TNBS-induced colitis there were visibly lower concentration and number of ganglia 
in WT animals and the ganglia were not as defined and structured as they were in control 
animals. GLS inhibitor, 6-diazo-5-oxo-L-norleucine (DON), pretreatment rescued the effect of 
colitis on these ganglia. Nevertheless, in GLS+/- animals, TNBS-induced colitis had very 
minimal effect on these myenteric ganglia. Their number and intensity did not change and the 
DON pretreatment had no effect at all on these myenteric ganglia in TNBS-induced colitis. 
Based on these results, it appears that GLS plays a very crucial role in TNBS-induced colitis and 
further investigation using different miRNA as a biomarker for colitis may be crucial for its 
potential role in pathogenesis, diagnosis and treatment. 
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Title: Understanding the role of mannose receptor activation in improved non-viral IL-10 gene 
therapy for peripheral neuropathic pain 
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Abstract: Intrathecal (i.t; peri-spinal) injection of non-viral plasmid DNA (pDNA) expressing 
the anti-inflammatory cytokine interleukin-10 (IL-10; pDNA-IL-10) reverses chronic pain in a 
variety of rat models of peripheral neuropathic pain. However, methods have required repeated 
i.t. injections or such large doses of pDNA &/or vehicle that clinical translation would be 
difficult. Our group reported that the mannose receptor (MR) agonist D-mannose (D-man) 



improves therapeutic efficacy of non-viral IL-10 gene therapy in rats. MR is a scavenger 
receptor, but is also upregulated on anti-inflammatory glia and leukocytes (e.g. macrophages), 
with MR-activation possibly leading to increased anti-inflammatory signaling. The mechanisms 
by which MR mediates enhanced IL-10 gene therapeutic efficacy are yet unclear. To explore this 
further, we first tested if D-man improvement of non-viral IL-10 gene therapy requires 
endogenous IL-10 actions. Adult male C57BL/6 wild type (WT) and IL-10 knockout (KO) mice 
underwent either sciatic chronic constriction injury (CCI) or sham surgery. Baseline (BL) 
hindpaw response thresholds to light touch stimuli (von Frey assay for allodynia) were assessed 
prior to surgery and after surgery (1, 2, 3, 5, 7, and 10 days, then every 4-5 days) until allodynia 
resolved. Both IL-10 KO & WT mice exhibited similar levels of allodynia by day 3 post-surgery, 
which stably persisted until spontaneous reversal by day 45. Additionally, a single i.t. co-
injection (10.5µl total) of pDNA-IL-10 (3µg) with D-man (25µg) on day 5 post-surgery 
produced complete and long lasting reversal from allodynia within 2 days in both IL-10 KO & 
WT mice. These results support that D-man is an effective adjuvant for non-viral transgene 
uptake and therapy in mice, and that these effects are independent of endogenous IL-10. To 
further test the role of MR activation in the absence of IL-10, IL-10 KO mice (CCI vs. Sham) 
were behaviorally verified and given i.t. co-injections (day 5 post-surgery) of either pDNA-IL-10 
or a control plasmid (pDNA-GFP) with either D-man or saline. As before, CCI-treated mice 
given D-man/pDNA-IL-10 exhibited stable reversal from allodynia. Interestingly the mice given 
D-man/pDNA-GFP experienced transient pain reversal, achieving near BL levels by day 3 post-
injection but returning to allodynia by day 12 post-injection. Overall these results point to an IL-
10 independent mechanism of MR-mediated enhancement of initial transgene uptake, 
expression, and pain reversal. Ongoing studies will identify the anatomical region of transgene 
expression and the possible transcriptional regulation following MR-activation on glial-immune 
phenotypic profiles. 
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Title: The inhibitory effect of peripheral delta opioid receptors (dors) in knee joint on arthritis 
pain 
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Abstract: Systemic opioid application can be used for its strong analgesic effect. However, 
extensive activation of opioid receptors (ORs) beyond the target can cause unwanted 
complications e.g. dysphoria, pruritis, respiratory depression and constipation. Therefore, the 
selective activation of peripheral ORs present in the afferent fibers of the targeted tissue can be 
considered a better strategy in opioid analgesia to avoid unwanted complications. The purpose of 
this study was to clarify the role of peripheral delta opioid receptors (dORs) in arthritic pain for 
the possible use of peripheral ORs in anti-nociception. We investigated whether the activation of 
peripheral dORs could reduce the nociceptive behavior and the response of sensitized primary 
mechanosensitive afferents (MSA) after carrageenan-induced arthritis in male Sprague-Dawley 
rat. Administering SNC80 (selective agonist of dOR) into the knee joint, we evaluated the 
nociceptive behavior by using dynamic weight bearing test which can measure the decreased 
weight load on affected side during freely walking, and recorded MSA activity (maximal 
spikes/second) in knee joint by using extracellular single nerve recording technique before and 
after the injection of SNC80. Four hours after the induction of arthritis, the intra-articular 
application of SNC80 (1µM, 100µM and 1mM) resulted in significant recovery in nociceptive 
behavior. Consistent with these behavioral results, we also found that the intra-articular 
application of SNC80 (1µM and 100µM) significantly decreased MSA activities stimulated by 
von Frey filaments (6 and 26g) 10 to 60 min post-drug injection. However, the application of 
10nM SNC80 had no effect on MSA activities and nociceptive behavior. These results implicate 
that the activation of peripheral dOR in the knee joint can contribute to reducing the nociceptive 
behavior by decreasing the activity of MSA in inflamed knee joint. 
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Title: Red light (670 nm) reduces hypersensitivity and improves tactile pathway functional 
integrity that is preceded by decreased neuronal cell death and reactive astrocytes following a 
mild T10 spinal cord injury 
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Abstract: Spinal cord injured patients often suffer from serious sensory deficits including 
neuropathic pain and/or loss of sensation. We investigated the effects of a 670 nm LED 30 min 
daily treatment on the development of neuropathic pain and tactile sensory pathway deficits in a 
hemi-contusion model in male Wistar rats. A spinal cord injury (hemi-contusion: 10 g, 25 mm 
height, diameter 1 mm) was induced on the right dorsal surface of the spinal cord at the T10 
vertebral body and with the dura removed. We first assessed the development of hypersensitivity 
using a novel behavioural assessment assay applied to 6 regions over the rat dorsum at 
dermatomes above, at, and below the level of the injury and on ipsilateral and contralateral sides. 
Weights were applied to four behavioural categories to give a regional sensitivity score (RSS) to 
10 consecutive innocuous mechanical stimulations (bending force: 2.86 ± 0.09 g) in each region. 
An accumulative sensitivity score (ASS) was then calculated by the sum of all 6 RSSs. 
Uninjured intact animals were assessed to define a hypersensitivity threshold (2 standard 
deviation above the mean). More than 50% of sham treated animals had ASS exceeding the 
hypersensitivity threshold between 1-5 days post injury (dpi) while this was reduced to 30% in 
670 nm treated group. Treatment also decreased ASS in normosensitive animals compared to 
sham treated animals at 1-3 dpi. To study tactile pathway changes following spinal cord injury 
and treatment, local field potentials were measured from the brainstem surface by electrically 
stimulating sural nerves to ascertain the integrity of the dorsal column pathways. Sham treated 
animals displayed increased latency and decreased magnitude and duration of responses arising 
from the ipsilateral dorsal column pathway compared to the contralateral side. 670 nm treatment 
reversed these functional deficits, particularly at 7 dpi. Expression of astrocyte activation 
(GFAP) occurred from 1 dpi and was reduced by 670 nm from 3-7 dpi ipsilateral to the injury. 
The treatment however, did not affect IL-1β expression by astrocytes or microglia (IBA1) 
between 1-5 dpi. The density of iNOS containing microglia was reduced by 670 nm treatment at 
7 dpi. While both groups showed reduced areas of myelination (MBP) and neurofilament density 
(NF200) ipsilateral to the injury, 670 nm treatment significantly reduced neuronal cell death 
(NeuN/TUNEL) at 1 dpi. We conclude that 670 nm reduces the early incidence of 
hypersensitivity, followed by improved tactile pathway integrity. Functional improvements are 
preceded by reduced astrocyte activation and neuronal cell death, and coincide with reduced 
iNOS secretion by microglia at 7 dpi. 
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Abstract: Intra-articular injection of complete Freund’s adjuvant (CFA) in rodents is a well 
characterized model of monoarthritis and is routinely used for the screening of compounds 
targeting inflammatory pain. The injection of CFA usually results in an increased sensitivity to 
noxious stimuli such as heat or mechanical pressure. However, there is a paucity of data 
concerning the time course of spontaneous pain following CFA injection. In the present study, 
CFA was injected into the tibio-tarsal joint of the rat hindpaw. The time course of nociceptive 
responses to mechanical pressure applied to the hindpaw palm (Randall & Sellito paw pressure 
test) was assessed on days 0, 2, 4, 7, 10, 14, 21 and 28 post-CFA injection. In addition to 
measuring threshold to nociceptive challenge, spontaneous pain was assessed in parallel by 
changes in hindpaw weight bearing using pedobarography. Significant swelling indicative of 
inflammation was observed in the CFA-injected (ipsilateral) paw until day 28 post-CFA although 
the intensity of swelling was slightly reduced from day 10 onwards. When compared to the non-
injected (contralateral) paw, a significant reduction (up to 80%) of mechanical nociceptive 
threshold was observed in the CFA-injected paw. However, the mechanical threshold of non- 
injected (sham control) animals also progressively decreased with successive paw pressure tests. 
By day 7 (after 4 measurements), the nociceptive threshold in sham animals was equal to the 
level in ipsilateral of CFA injected rats. Pedobarographic measurements indicated that there was 
a transfer of weight bearing from the CFA-injected paw to the non-injected paw during the 3 
weeks following the injection of CFA. This postural imbalance in CFA rats was maximal 4 days 
after CFA injection and showed up to 75% weight transfer to the non-injected paw. Whilst the 
imbalance remained statistically significant until day 21, recovery was evident from day 7 and 
complete by day 28. In contrast to mechanically evoked pain using the paw pressure test, weight 
bearing was not altered in sham animals even after repeated measurements. Furthermore, the 
data indicates that acute treatment with morphine suppressed the postural imbalanced in the 
hindpaws of CFA rats. From these results, pedobarography appears as unbiased measure of pain 
in CFA rats as compared to the mechanical pressure test. Indeed, the perception of nociceptive 
stimulus is influenced by the learning of the test and also by the pain status of the animal. Thus, 



pedobarography could be relevant for the profiling of analgesic drugs in this animal model of 
arthritis. 
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Title: Increased caspase1 activity in the DRG during inflammatory hyperalgesia 
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Abstract: Background 
Caspase1, also known as interleukin1 beta converting enzyme (ICE), is the cysteine protease that 
mediates maturation and secretion of IL1 beta. Caspase1 is involved in the development of 
neuroinflammation in the central nervous system in the neurodegenerative disease. In the present 
study, we investigated the expression of Caspase1 and it adaptar protein ASC in the peripheral 
nervous system and Caspase1 activity during the inflammatory hyperalgesia. 
Method 
Male C57BL/6 mice (20-25g) were used for this experiments. All experimental procedures were 
approved by the animal ethics committee of the Kyoto Prefectural University of Medicine. 
Inflammatory hyperalgesia was produced by the intraplantar injection of complete Freund’s 
adjuvant (CFA, 20µL) into the left hindpaw. Behavioral analysis including von Frey mechanical 
stimulation and hot plate testing were performed. For the immunohistochemistry analysis, mice 
treated with CFA or naïve controls were transcardially perfused with 0.9% NaCl followed by 4% 
paraformaldehyde in 0.1M PB under deep anesthesia. L4 and L5 DRGs were isolated and 
processed for immunohistochemistry. Visualization of Caspase1 and ASC was performed using 
fluorescent immunohistochemistry with antiCaspase1 and anti ASC antibody. For caspase1 
activity measurement, mice L4 and L5 DRG were isolated Caspase1 activity was measured with 
the Fluorometric assay kit. 



Result 
In the DRG, caspase1 immunoreactivity was detected in neurons. Caspase1 expression in the 
DRG neurons significantly increased in CFA treated mice. Signal intensity analysis revealed that 
the percentage of neuron with intense signal for caspase1 significantly increased 2days after the 
CFA injection. The distribution of ASC was similar to Caspase1 in the DRG. Caspase1 activity 
of the DRG significantly increased in the CFA treated mice compared to the control. 
Conclusion 
Caspase1 activity in the DRG increased by the tissue inflammation. This is associated with 
increased expression of caspase1 in the primary afferent neurons. Caspase1 induced neuronal 
inflammation might be involved in the development of inflammatory hyperalgesia. 
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Abstract: Memory in immune cells and neurons develops in response to environmental changes. 
The central nervous system modulates immunity through reflexes to monitor and defend the 
organism. Threat from inflammation and infection are sensed by sensory neurons activated by 
cytokines and other messenger molecules. Here we have shown cytokine-specific receptor 
expression and cytokine-mediated activation of sensory neurons from nodose ganglia (NG). Pro-
inflammatory cytokines, tumor necrosis factor (TNF) and interleukin 1 beta (IL-1b) induced 
activation of sensory neurons revealed by measuring intracellular calcium levels with 
fluorescence microscopy using fluo-4 AM. Exposure of neurons from wild type mice to TNF or 
IL-1b significantly increased intracellular calcium levels as compared to vehicle. TNF and IL-1b 
at concentrations up to 100 ng/ml activated 11 % and 6 % of NG sensory neurons. Neurons from 
TNFR1/TNFR2 and IL1 receptor knockout mice failed to develop increased calcium levels, 
indicating that TNF and IL-1b induced activation is receptor specific. Together, these 
observations reveal a cytokine-specific and receptor-mediated activation of sensory neurons. 
This is a mechanism by which peripheral neural circuits sense immunological threats in a 
mediator specific manner. 
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Title: Fab fragment of Nav1.7 monoclonal antibody inhibits sodium currents in mouse and 
human DRG neurons and suppresses inflammatory and neuropathic pain 
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Abstract: The voltage-gated sodium channel subtype Nav1.7 plays an important role in pain 
sensation in rodents and humans. Our previous study (Lee et al., Cell, 2014) showed that a 
monoclonal antibody that targets a Nav1.7 channel voltage sensor (SVmab1) not only suppressed 
sodium currents in mouse DRG neurons but also inhibited inflammatory and neuropathic pain in 
mouse models, compared with the control antibody (CTmab). The Fab fragment of an antibody 
is smaller than the whole antibody and may have better tissue penetration in vivo. In this study, 
we generated a Fab fragment (SVfab) derived from hybridoma-produced SVmab1 and a Fab 
fragment (rSVfab) derived from recombinant SVmab1. Exposure of cultured mouse and human 
DRG neurons to SVfab (300 and 900 nM) reduced the amplitude of transient sodium currents in 
a dose and time-dependent manner, whereas CTmab had no effects. The inhibition reached a 
plateau at 10-20 min after the SVfab incubation in DRG neurons. Notably, the inhibitory effect 
of SVfab is enhanced in a chronic pain condition, in which mouse and human DRG neurons 
were treated with the chemotherapy agent paclitaxel (1 µM). Paclitaxel also increased Nav1.7 
expression and neuronal excitability in mouse and human DRG neurons. RT-PCR analysis 
showed that the Nav1.7 expression ratio (vs. the expression of total sodium channels) is much 
larger in human DRG neurons than that in mouse DRG neurons. Intrathecal injection of SVfab 



reduced the formalin-induced inflammatory pain and paclitaxel-induced neuropathic pain in 
mice. Finally, the recombinant SVfab (rSVfab) showed similar effects in reducing sodium 
currents in mouse and human DRG neurons and inflammatory pain in mice. Our data suggest 
that the Fab antibody fragments targeting Nav1.7 also have in vitro and in vivo activities 
inhibiting sodium currents and inflammatory pain in mice. Since human DRG neurons express 
higher levels of Nav1.7 and also respond to the Fab antibody fragments, these Fab antibody 
fragments have the potential to be developed to treat clinical pain. 
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Abstract: Lysophosphatidic acid receptor 1 (LPA1) is one of six G-Protein Coupled Receptors 
(GPCRs) activated by the bioactive lipid, lysophosphatidic acid (LPA). It is highly expressed in 
the central and peripheral nervous systems and its signaling is essential for normal neurocortical 
development, among other physiological roles. 
Recent studies have characterized the role of LPA1 signaling in the pathophysiology of 
neuropathic pain. It has also been shown that inhibiting phospholipase A2, an enzyme that 
produces LPA and arachidonic acid, reduces mechanical allodynia in mice with inflammatory 
orofacial pain. This effect is not mediated by arachidonic acid, leading us to hypothesize that 
LPA via the LPA1 receptor could be involved in mediating inflammatory orofacial pain. In our 
study, we used genetic and pharmacological approaches to block LPA1 signaling and evaluate 
mechanical allodynia in a mouse model of carrageenan injection induced orofacial inflammatory 
pain. We found that LPA1 -/- mice showed a significant reduction in pain response compared to 
wild type littermate controls. A similar significant reduction in pain response was observed in 
mice that were treated with a pharmacological LPA1 antagonist. Interestingly, this effect was 
seen only when the antagonist was administered directly into the central nervous system. 



Peripheral administration did not elicit any differences in pain behaviour. Taken together, our 
findings indicate that LPA1 signaling in the central nervous system plays a key role in mediating 
orofacial inflammatory pain. Identifying LPA1 as a potential therapeutic target for managing 
chronic pain could aid in the development of novel therapeutics with better efficacy and lesser 
adverse side-effects. 
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Abstract: Epidemiological studies demonstrate that biological sex represents an important risk 
factor in the development of chronic pain and autoimmune disorders in women. However, the 
prevalence and severity of acute inflammatory diseases are more common in men. X-inactive 
specific transcript (XIST) is a long noncoding RNA that is crucial for equalizing expression of 
X-linked genes between females and males by randomly inactivating one of the two X-
chromosomes in female cells. Our previous studies showed that specific microRNAs down 
regulated in complex regional pain syndrome (CRPS), a female-prevalent disorder characterized 
by inflammation and chronic pain, can target XIST. Using molecular, biochemical and imaging 
approaches, we investigated the role of XIST in regulating inflammation and pain in mouse 
macrophages, in blood samples from CRPS patients and a rodent model of inflammatory pain. 
Our findings indicate a novel role for XIST in female cells beyond X-chromosome inactivation. 
These studies provide insights on how sex-specific mechanisms may contribute to inflammation, 
pain and analgesia, and would be beneficial in developing sex-specific treatment strategies. 

Disclosures:  B.B. Shenoda: None. G.M. Alexander: None. E. Aradillas Lopez: None. S.K. 
Ajit: None. 



Poster 

707. Inflammatory Pain 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 707.22/DD9 

Topic: D.02. Somatosensation: Pain  

Support: US Fulbright Foundation 

Title: Effects of alpha-7 nicotinic acetylcholine receptor positive allosteric modulator on 
proinflammatory cytokine expression and norepinephrine release following lipopolysaccharide-
induced neuroinflammatory pain in mice 
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Abstract: We have shown that alpha-7 nicotinic acetylcholine receptor positive allosteric 
modulator (PAM) controls neuroinflammatory pain (NP) phenotypes involving microglial 
activation in the hippocampus in lipopolysaccharide (LPS)-induced NP model in mice. Whether 
tumor necrosis factor (TNF)-alpha, a proinflammatory cytokine, and norepinephrine (NE) release 
is associated with NP phenotypes remains unknown. Here, we examined the effects of 3a,4,5,9b-
Tetrahydro-4-(1-naphthalenyl)-3H-cyclopentan[c]quinoline-8-sulfonamide (TQS), an alpha-7 
nAChR PAM, on microglial TNF-alpha expression and NE level following LPS-induced NP 
model in mice. Pretreatment of TQS (4 mg/kg) significantly reduced LPS-induced tactile 
allodynia and thermal hyperalgesia. Furthermore, pretreatment of TQS (4 mg/kg) reduced LPS-
induced increased TNF-alpha mRNA and TNF-alpha expression in the hippocampus. 
Pretreatment of idazoxan, an alpha-2 adrenergic receptor antagonist, significantly reduced 
antiallodynic and antihyperalgesic effects of TQS. Moreover, TQS increased LPS-induced 
decreased NE level in the hippocampus. Taken together, these results suggest that TQS decreases 
LPS-induced NP by reducing TNF-alpha expression and increasing NE level in the hippocampus 
involving microglial alpha-7 nAChR positive allosteric modulation. Therefore, alpha-7 nAChR 
PAM such as TQS could be a potential drug candidate for the treatment of NP. 
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Title: Acute toluene exposure enhances hyperalgesia and allodynia in long lasting pain 
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Abstract: Toluene is a volatile solvent that can be found in products like thinner, paints and 
adhesives. Toluene misuse is an important public health problem in Mexico, mainly among street 
children and teenagers. Pharmacological studies indicate that this solvent produces 
pronociceptive effects in mice and rats, but the mechanisms involved are still unclear. On the 
other hand, chronic pain affects 25% to 29% of Mexican population. The purpose of this study 
was to evaluate the effect of acute toluene exposure on development of long-lasting secondary 
mechanical allodynia and hyperalgesia induced by formalin in rats. Formalin produces acute 
nociceptive behaviors (flinching and licking/lifting followed by long-lasting pain). Female 
Wistar rats (200-300 g) were placed in a static exposure chamber and exposed to toluene (6000 
ppm) or air (control group) during 30 minutes. After acute exposure, rats were injected with 50 
µl of 1% formalin in the dorsal surface of the right hind paw and 6 days later allodynia and 
hyperalgesia were evaluated in both paws. In control rats, formalin (1%), produced secondary 
mechanical allodynia and hyperalgesia in both paws. This was observed as a bilateral increase in 
paw withdrawal responses to the application of von Frey filaments (10 and 250 mN) that was 
significant one day after formalin injection and lasted for at least 12 days. In toluene-exposed 
rats, there was an increase of these nociceptive behaviors compared with control group (P < 
0.05). These results suggest that toluene enhances secondary mechanical allodynia and 
hyperalgesia induced by formalin in rats, but further experiments are needed in order to elucidate 
the mechanisms involved in these effects. 
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Abstract: Sensitization of purinergic P2X3 receptors (P2X3Rs) is a major mechanism 
contributing to injury-induced exaggerated pain responses. In a previous study, we have showed 
that cAMP-dependent guanine nucleotide exchange factor 1 (Epac1) in rat sensory dorsal root 
ganglia (DRGs) is upregulated after inflammatory injury and plays a critical role in P2X3R 
sensitization by activating protein kinase C epsilon (PKCε) inside cells. In contract of PKCε, 
which has been established as the major PKC isoform mediating injury-induced hyperalgesic 
responses, the role of protein kinase C alpha (PKCα) in receptor sensitization was seldom 
considered. We therefore studied the participation of PKCα in Epac signaling in P2X3R-
mediated hyperalgesia. Following complete Freund's adjuvant (CFA)-induced inflammation, we 
found that the expression of both Epac1 and Epac2 and the level of cAMP in DRGs are greatly 
enhanced. The expression of phosphorylated PKCα (pPKCα) is also upregulated. CFA-induced 
P2X3R-mediated hyperalgesia is not only blocked by Epac antagonists, but also by the classical 
PKC isoform inhibitors, Go6976, and PKCα-siRNA. These CFA effects can be mimicked by an 
application of the Epac agonist, CPT, in control rats, further confirming the involvement of 
Epacs. Since CPT can increase the expression of pPKCα and the application of Go6976 prior to 
CPT still reduces CPT-induced hyperalgesia, PKCα is downstream of Epacs to mediate the 
enhancement of P2X3R responses in DRGs. The pattern of translocation of PKCα inside DRG 
neurons in response to CPT or CFA stimulation is distinct from that of PKCε. Thus, in contrast 
to prevalent view, PKCα also plays an essential role in producing complex inflammation-induced 
receptor-mediated hyperalgesia. 
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Abstract: Persistent pain states engage new gene expression programs in nociceptive circuits in 
the superficial laminae of the dorsal horn. These programs occur in concert with synaptic 
rearrangement and serve to protect injured body parts by changing the input-output functions of 
the spinal cord to respond appropriately to stimulation. In pain disorders these normally adaptive 
alterations create inappropriate and deleterious responses. Identifying the molecular processes 
that are engaged during this transition provides insight into intervention. RNA-Seq provides 
accurate quantitation and comprehensive assessment of transcript levels of all genes expressed in 
a cell or tissue. This provides a broad view of all biological processes that engage the 
transcriptional machinery, including the engagement of targetable receptors, and the regulation 
of signaling molecules altered by the remodeling of the spinal cord. We examined differentially 
expressed genes at 2, 24 and 48 hours after inflammation to characterize the transition from 
normal sensation to profound hyperalgesia. Elevated expression of multiple transcription factors 
occurred at 2hrs with return to control levels by 48 hrs. These included known transcription 
factors c-Fos, the Fos paralog Fra2, and JunB, and 3 paralogs of NGFI-B (nuclear receptor 
family). Several neuropeptide transcripts displayed long-term increases including prodynorphin, 
proenkephalin and protachykinin, as expected. In addition, many of the most highly expressed 
and highly differential genes are immune-like and are part of the microglial complement system, 
which engages in degrading synaptic connections to change the circuitry of the spinal cord. This 
induction occurs in the absence of other inflammation markers, and is long-lived. We further 
examined to what extent these genes are expressed in different cell types and tissues, 
incorporating additional information from large public datasets. We conclude that neuronal 
activity is accompanied by complement-dependent synaptic rearrangement by microglia, and that 
a relatively discrete set of receptors and their ligands are regulated by peripheral inflammation. 



The data demonstrate that a cadre of state-dependent drivers and downstream effector molecules 
are induced to control nociceptive primary and secondary sensitization processes that occur in 
persistent pain states, and describe in a comprehensive fashion the cascade of signals involved in 
the transition to persistent pain. 
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Title: Gender influences efficacy of tetracycline derivative at relieving formalin and alcohol-
induced mechanical and cold allodynia 
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Abstract: Tetracycline and its synthetic and semi-synthetic derivatives were developed as broad-
spectrum antibiotics that were later experimentally demonstrated to possess anti-inflammatory 
activity. This anti-inflammatory action suggests potential application of tetracycline derivatives 
as novel alternatives for the treatment of inflammatory pain. Our study investigates the effect of 
a synthetic tetracycline compound on formalin-induced and chronic alcohol-induced mechanical 
and cold allodynia in male and female wild-type C57BL/6 mice. First, we evaluated the effect of 
the tetracycline compound on mechanical and cold allodynia in formalin-naïve mice with results 
indicating no difference from control. We then repeated the mechanical and cold allodynia tests 
at 60 minutes following the formalin test in control and tetracycline-treated mice. Our results 
demonstrated an antinociceptive effect in the mechanical and cold allodynia test values when 
pre-treated with the tetracycline compound, with values returning to baseline levels 2 hours after 
formalin injection. Finally, we evaluated the effect of chronic alcohol consumption using the 
DID model on mechanical and cold allodynia in control and tetracycline pre-treated mice. Our 



results demonstrated gender related differences in both alcohol’s effect on mechanical and cold 
thresholds as well as the efficacy of the tetracycline compound at mediating the alcohol-induced 
mechanical and cold allodynia. Further studies are needed to investigate what mechanisms, 
whether gender or otherwise, underlie these differences. 
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Abstract: Peripheral inflammation and tissue injury causes alterations in nociceptor activity and 
contributes to the development of normal and pathological pain states. Primary afferent 
nociceptors have been extensively characterized, and like central neurons, neurons that exist 
within the DRG do not appear to act in isolation in the peripheral pain circuitry. A resident 
population of peripheral glial cells, satellite glial cells (SGCs), appears to influence nociceptive 
activity, but the precise mechanisms by which SGCs alter neuronal function is not well 
understood because of difficulty in isolating adult cells without their neuronal counterparts. 
Ultimately, in order to understand the role of SGCs in nociceptive processing we must develop a 
basal cellular profile by which SGCs can be identified. To accomplish this, we used fluorescence 
activated cell sorting (FACS) to identify neuronal and non-neuronal cell populations in mouse 
DRG using CD200 and CD45, respectively. Using this broad gating strategy, we identified 
putative neurons (CD200+ high/CD45-), a non-neuronal cell type (CD200+ intermediate/CD45-) 
and two immune-related cells. We then FACS sorted SGCs based on GFAP, S100, and 
glutamine synthetase (GS) immunofluorescence, and found that the majority of sorted cells were 
GFAP+ (56.3%), while S100+ (31.3%) and GS+ (12.5%) cells constituted a lower percentages, 
respectively. GFAP+/S100+ and GFAP+/S100+ each represented 50% of the overlapping cell 
populations. Next, we examined the impact of cutaneous inflammation on SGC protein 
expression by injecting mice with 20 uL of CFA into the dorsal surface of one hindpaw. L2 and 



L3 DRG were collected 24 hr later and cells were FACS sorted based on GFAP, S100, and GS 
immunofluorescence. We found that inflammation increased the the percentage of S100+ cells 
by 23.2%, while the percentage of GFAP+ and GS+ cells slightly decreased by 16.7% and 6.5%, 
respectively. When GFAP+/S100+ and GFAP+/GS+ cell populations were examined we found 
that inflammation caused a 50% decrease in both the GFAP+/S100+ and GFAP+/GS+ cell 
populations. Our data suggest the presence of a heterogeneous population of SGCs, and given the 
divergent regulation of SGC markers following inflammation our results further suggest there 
may be functional differences between the various populations of cells. Ongoing experiments are 
developing gene expression profiles for naïve and inflamed SGCs and are aimed further 
characterizing the role of SGCs in pain processing. 
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Abstract: Delta opioid receptors (DOR) expressed by peripheral pain-sensing neurons 
(nociceptors) are regulated by both cyclooxygenase (COX)- and lipoxygenase (LOX)-dependent 
arachidonic acid (AA) metabolites (Sullivan, Berg and Clarke, JPET 353:44-51, 2015). Whereas 
COX metabolites induce functional competence (i.e., responsiveness to agonist) for 
antinociception, LOX metabolites induce a non-responsive state of the receptor that is refractory 
to re-induction of functional competence. In this study, using high performance liquid 



chromatography tandem mass spectrometry analyses, we have found that the 12/15-lipoxygenase 
AA metabolites, 12-HETE and 15-HETE, are elevated following treatment of adult rat primary 
sensory neuron cultures with AA. Exogenously applied 12-HETE and 15-HETE blocked DOR-
mediated inhibition of PGE2-stimulated adenylyl cyclase (AC) activity in primary sensory 
neuron cultures as well as DOR-mediated reduction of PGE2-evoked thermal allodynia in the rat 
hindpaw. In addition, treatment of primary cultures of peripheral sensory neurons with 12- and 
15-HETE blocked kappa opioid receptor-mediated inhibition of PGE2-stimulated AC but had no 
effect on the responsiveness of 5-HT1B/1D receptors for inhibition of PGE2-stimulated AC. 
Further, pretreatment with 12- and 15-HETE had no effect on either DOR- or KOR-mediated 
extracellular signal-regulated kinase (ERK1/2) activation. Taken together, these data suggest that 
12- and 15-HETE selectively induce a non-responsive state of opioid receptors for 
antinociceptive signaling. These results exemplify the differential regulatory control of opioid 
receptors expressed by peripheral nociceptors and suggest that the duration of opioid receptor 
responsiveness under inflammatory conditions may be increased by inhibition of 12/15-
lipoxygenase. 
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Abstract: Opioid receptor systems expressed by peripheral pain-sensing neurons (nociceptors) 
are under dual regulatory control by cyclooxygenase (COX) and lipoxygenase (LOX) dependent 
arachidonic acid (AA) metabolites. Neither DOR nor KOR are functionally active for 



antinociception under basal conditions, but become responsive following exposure to 
inflammatory mediators (e.g., carrageenan, bradykinin (BK) or AA) that produce COX-
dependent AA metabolites. However, opioid receptors revert to a non-signaling state due to 
production of LOX-dependent AA metabolites, 12- and 15-HETE (see Berg et al., this meeting). 
Here we sought to examine the effects of LOX-dependent regulation of DOR-KOR heteromer 
signaling and antinociception in primary cultures of adult rat peripheral sensory neurons (ex vivo 
model) and in the carrageenan model of inflammation (in vivo). Ex vivo, we compared the 
effects of 12- and 15-HETE on inhibition of PGE2-stimulated cAMP accumulation by the DOR 
agonist, DPDPE, the KOR agonist, U50488 and the DOR-KOR heteromer agonist, 6’-GNTI. 
Addition of 12- and 15-HETE blocked DPDPE- and U50488-mediated inhibition of PGE2-
stimulated cAMP accumulation. By contrast, 12- and 15-HETE had no effect on 6’-GNTI-
mediated inhibition of PGE2-stimulated cAMP accumulation. We next compared the abilities of 
DPDPE, U50488 and 6’-GTNI to inhibit carrageenan induced thermal allodynia in the rat hind 
paw. When administered 15 min after intraplantar (i.pl) injection of carrageenan (500 ug), all 
agonists completely reduced carrageenan-induced thermal allodynia. When injected (i.pl.) 3h or 
24h after carrageenan administration, neither DPDPE nor U50488 produced antinociceptive 
responses. However, responsiveness was restored following i.pl. injection of the 12/15-LOX 
inhibitors, baicalein and luteolin. Interestingly, the heteromer agonist, 6’-GNTI, completely 
inhibited the nociceptive response when administered (i.pl.) 3h or 24h (longest period tested) 
after carrageenan. Taken together, in striking contrast to DOR and KOR, DOR-KOR heteromers 
appear to remain functionally competent for a prolonged period of time under inflammatory 
conditions, suggesting that they may be suitable targets for development of peripherally 
restricted pain medications. 
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Abstract: Opioids are commonly used to treat patients with moderate and severe pain. However, 
opioid-induced hyperalgesia and tolerance (OHT) largely limit the opioid efficacy and lead to 
opioid dose escalation. Although the analgesic action of opioids is mediated by inhibitory Gαi/o-
type G proteins, it is unclear whether Gαi/o proteins at the spinal cord level play a role in OHT 
development. To study the role of individual Gαi/o proteins at the spinal cord level in OHT, we 
used intrathecal injection of siRNAs targeting specific Gαi/o proteins in rats. Morphine was 
injected systemically, and nociception was tested with a radiant heat and a noxious pressure 
stimuli applied to the hindpaw. We found that treatment with Gαi1-specific and Gαi3-specific 
siRNA did not significantly affect the morphine analgesic effect and OHT development. In 
contrast, intrathecal treatment with Gαi2-specific or Gαo-specific siRNA significantly 
diminished the acute analgesic effect of morphine. Mechanical and thermal hyperalgesia and the 
reduction in the analgesic effect after 5 days of morphine treatment were significantly greater in 
Gαi2 siRNA-treated rats than in control siRNA-treated rats. Gαo knockdown unexpectedly 
increased the baseline heat, but not mechanical, nociceptive threshold following daily morphine 
treatment. Furthermore, the analgesic effect of morphine was completely lost after 5 days of 
treatment in Gαo siRNA-treated rats. These results suggest that Gαi2 and Gαo at the spinal cord 
level play a critical role in mediating the opioid analgesic effect. Gαi2 is also involved in 
attenuation of OHT development. Supported by NIH grant NS073935. 
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Abstract: The opioid receptors are a family of G protein coupled receptors crucial for the 
neuromodulation of important brain states including pain, reward, memory, and food intake. 
While the family is composed of three main members, mu (MOR), delta (DOR), and kappa, it 
has long been appreciated from pharmacological and other experiments that more than three 



forms of these receptors likely exist. These identified forms include splice variants as well as 
heterodimerization between the opioid receptor family members as well as with non-opioid 
receptors. One such identified heterodimer is the mu/delta (M/DOR) heteromer. Using in vitro 
models, the heterodimerization binding site of the M/DOR has been identified, and it has been 
shown that the M/DOR invokes different signal transduction cascades than either monomer. 
Recently an M/DOR selective antibody was developed, which demonstrated that the M/DOR is 
upregulated in the brains of chronic morphine treated mice, and may mediate opioid tolerance, 
among other potential effects. Despite these advances however, there are very few tools to 
selectively target the M/DOR, and no selective antagonists that we could find, making it difficult 
to determine the role of the M/DOR in opioid and pain physiology. To address this lack we 
synthesized a series of potential selective peptidic M/DOR antagonists by coupling two moderate 
to low affinity MOR and DOR antagonist pharmacophores with a flexible and variable-length 
linker (15-42 atoms in the initial series), hypothesizing that we could attain high selectivity for 
the M/DOR by using two moderate/low affinity pharmacophores that would have an avidity 
induced improvement in M/DOR potency. We then characterized this antagonist series in vitro 
using competition radioligand binding and 35S-GTPγS coupling in antagonist mode using CHO 
cells expressing the MOR or DOR homomers, or the M/DOR heteromer. Our initial results 
demonstrate a linear relationship between the linker length and the antagonist potency at the 
M/DOR, with the 15 atom linker compound having the best potency to date (5.1 nM, 5.1-187 nM 
range). We also demonstrate at least a 30 fold selectivity with the 15 atom linker compound 
between the M/DOR and either the MOR or DOR homomer, validating our strategy. Beyond 
these initial results, we will also explore shorter linker lengths, alternate pharmacophores, and 
varying the rigidity of the linker. After completion of in vitro characterization and the selection 
of the highest selectivity and potency M/DOR antagonist, we will explore the ability of our 
antagonist to reverse chronic morphine induced tolerance in vivo, among other potential effects 
of the M/DOR in vivo. 
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Title: Knockin of delta opioid receptors in primary afferents alleviates heat-induced pain 
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Abstract: Due to their limited adverse effects, delta opioid receptors (DOPrs) represent a 
promising target for the treatment of chronic pain and emotional disorders. Although DOPr 
agonists produce only weak analgesic effects in healthy animals and in acute pain models, we 
and others have previously shown an increased in their potency to relieving chronic pain (e.g. 
inflammatory, neuropathic, and bone cancer-induced pain). Interestingly, we observed that this 
increase in the analgesic effects of DOPr agonists is paralleled by a translocation of DOPr from 
the intracellular compartment to the plasma membrane. In order to study the roles of DOPr in 
vivo and to study the molecular and cellular mechanisms regulating its trafficking, we have 
generated a genetically-engineered mouse in which a Flag epitope has been introduced between 
the first and second amino acids of DOPr. A floxed translational stop cassette was also 
introduced upstream of the initiation codon. In the absence of recombination, these mice 
(STOP::Flag-DOPr) behave as DOPr knockout mice. We first bred the STOP::Flag-DOPr mice 
with Zp3-Cre mice to generate mice (Flag-DOPr knockin) expressing a Flag-tagged DOPr in 
place of the endogenous receptor. A thorough characterization of these mice reveal that the 
Flagged receptor is expressed at similar levels and in the same areas as its endogenous 
counterpart. We also observed that DOPr agonists produces similar behavioral effects in the 
Flag-DOPr knockin mice and in wildtype animals. Therefore, these mice display 
pharmacological and behavioral properties similar to mice expressing endogenous DOPr. In the 
human lumbar spinal cord, DOPr is primarily expressed in the terminals of primary afferents. To 
specifically study the role of DOPr in these neurons, we infected newborn STOP::Flag-DOPr 
mice with a rAAV2/9-CBA-Cre-GFP adenovirus. The virus was injected at P5 in the hindpaws 
of the animals. Two months after the injection, GFP is expressed in the nuclei of approximately 
60% of the lumbar dorsal root ganglia neurons. No GFP staining was observed in the spinal cord 
nor in the brain, indicating that the infection was restricted to the primary afferent. When these 
mice were injected with the Complete Freund’s adjuvant in one hindpaw, we found that the 
intrathecal administration of deltorphin II produces analgesia in the thermal plantar test, 
indicating that presynaptic DOPr are able to inhibit heat-induced pain. These results are 
important since they support a role for DOPr-expressing nociceptors in heat-induced pain, a 
dogma that was recently challenged. 
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Abstract: Blood oxygen level dependent (BOLD) imaging in awake mice was used to identify 
differences in brain activity between wild-type, and Mu (µ) opioid receptor knock-outs (MuKO) 
in response to oxycodone (OXY). Using a segmented, annotated MRI mouse atlas and 
computational analysis, patterns of integrated positive and negative BOLD activity were 
identified across 122 brain areas. The pattern of positive BOLD showed enhanced activation 
across the brain in WT mice within 15 min of intraperitoneal administration of 2.5 mg of OXY. 
BOLD activation was detected in 72 regions out of 122, and was most prominent in areas of high 
µ opioid receptor density (thalamus, ventral tegmental area, substantia nigra, caudate putamen, 
basal amygdala and hypothalamus), and focus on pain circuits indicated strong activation in 
major pain processing centers (central amygdala, solitary tract, parabrachial area, insular cortex, 
gigantocellularis area, ventral thalamus primary sensory cortex and prelimbic cortex). 
Importantly, the OXY-induced positive BOLD was eliminated in MuKO mice in most regions, 
with few exceptions (some cerebellar nuclei, CA3 of the hippocampus, medial amygdala and 
preoptic areas). This result indicates that most effects of OXY on positive BOLD are mediated 
by the µ opioid receptor (on-target effects). OXY also caused an increase in negative BOLD in 
WT mice in few regions (16 out of 122) and, unlike the positive BOLD response the negative 
BOLD was only partially eliminated in the MuKO mice (cerebellum), and in some case 
intensified (hippocampus). Negative BOLD analysis therefore shows activation and deactivation 
events in the absence of the µ receptor for some areas where receptor expression is normally 
extremely low or absent (off-target effects). Together, our approach permits establishing opioid-
induced BOLD activation maps in awake mice. In addition, comparison of WT and MuKO 
mutant mice reveals both on-target and off-target activation events, and set an OXY brain 
signature that should, in the future, be compared to other µ opioid agonists. 
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Abstract: Although opioids are the most effective treatment for chronic pain, their use is 
hindered by many negative effects (e.g. analgesic tolerance, dependence, respiratory depression). 
An important goal is to develop treatments that enhance opioid analgesia while diminishing side 
effects. Opioid antinociception is mediated through the mu-opioid receptor (MOR), a seven-
transmembrane G-protein coupled receptor (GPCR). Regulator of G-protein signaling (RGS) 
proteins interact with the Gα-subunit of GPCRs and catalyzes the hydrolysis of GTP to GDP, 
rapidly terminating G-protein signaling. We hypothesize that the inhibition of RGS proteins will 
prolong G-protein signaling and enhance opioid-mediated antinociception. This hypothesis was 
tested by microinjecting an opioid (morphine or fentanyl) simultaneously with the small 
molecule RGS inhibitor CCG-63802 into the ventrolateral periaqueductal gray (PAG) of awake 
rats. The PAG is a midbrain structure known to contribute to opioid antinociception. Both 
morphine and fentanyl produced dose-dependent antinociception when microinjected into the 
ventrolateral PAG. Administration of CCG-63802 enhanced morphine potency as indicated by a 
leftward shift in the dose response curve compared to control animals, but had no effect on 
fentanyl antinociception. This selective enhancement of morphine but not fentanyl 
antinociception is consistent with other ligand biased signaling at the MOR and indicates that 
morphine, but not fentanyl antinociception is mediated by G-protein signaling. 
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Abstract: Opioid drugs remain the gold standard in pain treatment, and are regularly prescribed. 
However, the chronic use of these medications is known to lead to complications such as the 
development of tolerance, hyperalgesia, allodynia, dependence, and addiction. Additionally, the 
use of opioids, both medical and nonmedical, has been shown to increase the risk of developing 
comorbid mental disorders such as anxiety, depression, and alcoholism. This implies a shared 
mechanism underlying these disorders, and indeed recent research has revealed that the D2DR 
plays a role in all three. Recent research revealed that opioids disturb the signaling of the 
D2DRs, which may partially account for this association. Importantly, we recently observed that 
various opioids differentially modulate the responses of the D2DRs. Specifically, at 
equianalgesic doses, various opioids have differential effects on the responses of D2DRs to 
dopamine agonists. Moreover, at equianalgesic doses, various opioids have differential effects on 
the activity of signaling molecules. Additionally, these drugs have been shown to differ in their 
efficacy in the treatment of both acute and chronic burn pain. Thus, in the current study we 
examined the differential effects of oxycodone, hydrocodone, and morphine on striatal gene 
expression. Specifically, mice were administered with saline or the various opioids for 6 days. 
Twenty four hours after the final injection, striatal tissue was dissected. Following this, RNA 
was extracted and high throughput next generation sequencing was used to examine the mouse 
genome. Subsequently, we used RT-PCR to confirm the results for selected candidate genes. In 
mice given morphine, the expression of 79 genes was dysregulated, 33 of which were unique to 
morphine, 15 of which were shared with oxycodone, 9 of which were shared with hydrocodone, 
and 22 of which were shared with both oxycodone and hydrocodone. In mice given 
hydrocodone, 71 genes were dysregulated, 27 of which were unique to hydrocodone, and 13 of 



which were shared with oxycodone. Most surprisingly, in mice given oxycodone, 179 genes 
were dysregulated, 158 of which were unique to oxycodone. These data provide strong evidence 
that there are differences between opioid drugs with regard to their effects on opioid receptors, 
D2DRs, intercellular signaling, and the dopamine reward system. This information should be 
considered by physicians when deciding which opioid medication is most efficacious in specific 
clinical scenarios, and least likely to have harmful effects. 
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Abstract: Conventional µ-opioid receptor (MOR) agonists, such as morphine, oxycodone, and 
fentanyl, are among the most efficacious and widely-prescribed analgesics for moderate to 
severe pain. Despite their robust efficacy, they elicit a variety of prohibitive adverse side effects 
including constipation, nausea, respiratory depression, and sedation. They also induce a state of 
euphoria and physical dependence that can lead to misuse or abuse. MORs are G protein-coupled 
receptors (GPCRs), where activation is primarily mediated via dissociation of the G protein 
complex and production of downstream signaling molecules, such as cAMP. On the other hand, 
desensitization of MORs upon ligand binding is mediated by β-arrestin recruitment and 
subsequently clathrin-mediated endocytosis. Converging lines of evidence have demonstrated 
that at least some of the side effects associated with MOR agonists may be mediated by the β-
arrestin pathway. The objective of these studies was to investigate a structurally novel biased 
MOR agonist with minimal brain penetration, Compound A. Compound A was administered 
subcutaneously and evaluated in male Sprague Dawley rats in the acetic acid-induced writhing 
pain model to confirm analgesic efficacy and in the charcoal transit model to assess 



gastrointestinal (GI) function. Given that the subjective or perceived effects of a drug can greatly 
influence propensity for abuse, Compound A was also assessed in a two-lever food-reinforced 
drug discrimination procedure to determine if it shares similar discriminative stimulus effects 
with morphine. Compound A induced a dose-dependent decrease in the number of writhes 
induced by acetic acid, with >90% efficacy achieved. Doses for the charcoal transit and drug 
discrimination studies were selected to target efficacious exposures achieved in the acetic acid-
induced writhing model. The effect of Compound A on GI motility was less than that of 
morphine at similar levels of analgesic efficacy. Furthermore, administration of Compound A 
produced an increase in morphine-appropriate responding that resulted in only a partial 
generalization to the morphine cue when compared with vehicle. Taken together, these data 
support the hypothesis that a biased MOR agonist is an effective analgesic with reduced effects 
on GI function and yet still shares some, but not complete overlap in the discriminative stimulus 
properties with morphine, despite minimal brain penetration. 
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Abstract: The experience of pain is characterized by the presence of an aversive sensory 
stimulus combined with negative affect, which is often mediated clinically through 
administration of analgesics such as morphine or other prescribed opioids. Although an extensive 
body of work has elucidated much of the physiological mechanisms involved in the sensory 



component of pain, many questions regarding the affective component of pain remain elusive. 
The present study investigates the effects of morphine on sensory and affective components of 
pain following administration of Complete Freund’s Adjuvant (CFA), a model of inflammatory 
pain. An intraplantar injection of CFA was administered into the left hind paw of male and 
female Sprague-Dawley rats. Hargreaves tests for thermal nociception and conditioned place 
preference (CPP) data were obtained following subcutaneous administration of varying morphine 
doses (0, 1, 4, 8 mg/kg). Hargreaves Test results revealed sex differences in paw withdrawal 
latencies (PWL) in a dose dependent manner, with females being less sensitive to morphine than 
males. CPP results revealed sex differences in the preference for the morphine-paired chamber 
after one-day post-CFA, but not seven days post-CFA. These results reveal sexually dimorphic 
properties of morphine analgesia on the affective and sensory components of pain. Considering 
these findings, further investigation into the underlying mechanisms of morphine analgesia in the 
affective and sensory component of inflammatory pain is needed. 
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Abstract: Opioid and cannabinoid receptor function is modulated by multiple mechanisms and 
both receptors are critical to a number of physiological processes in health and disease including 
nociception. We have previously reported that CB1 and delta receptors associate to form 
heteromers that exhibit distinct pharmacological properties and disease-specific dysregulation 
including during neuropathic pain. Hence these receptors have been posited as desired targets for 
pain relief; however, the in vivo consequences of heteromer signaling or their specific location 
along the pain circuit is not fully explored. Towards this end, we have initiated studies using the 
cancer chemotherapy drug paclitaxel-induced allodynia (mechanical allodynia) as a model of 
neuropathic pain. Mice (C57BL/6J mice; 10/group) were treated with vehicle or paclitaxel on 



alternate days (cumulative doses 16 mg/kg); paclitaxel-induced (mechanical) allodynia was 
assessed on days 0, 4, 7 and 15. On day 16, tissues were collected and levels of CB1 and delta 
receptors in spinal cord and brain regions were assessed using a receptor-selective or heteromer-
selective antibodies and proximity based techniques. We find a significant increase in the 
abundance of CB1-delta receptor heteromers in the spinal cord and basolateral amygdala of 
animals with allydonia. There were no changes in heteromer levels in a number of other regions 
including cortex, nucleus accumbens, hippocampus, or periaqueductal gray. Studies to 
characterize the cell types that show increased heteromer levels and to delineate the differential 
signaling pathway driven by this heteromer are underway. Together, these results suggest an 
important role for pain in orchestrating the regulation of CB1-DOR heteromer levels and 
signaling in specific pain related pathways. This work was supported by NIH grants DA008863 
and NS026880 to L.A.D and Fundación Alfonso Martín Escudero to S.S. 
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Abstract: Background: The adverse effects of opioid pharmacotherapy are largely mediated by 
the activation of mu-opioid receptors (MORs) in the central nervous system. However, opioid 
receptors also mediate analgesia on the peripheral terminals of primary sensory afferents. 
Despite more than a decade of research directed at developing peripherally restricted opioids, no 
opioid analgesic to date has delivered pain control without the risk for addiction and diversion. 
We recently published that morphine and agonists at delta-opioid receptors (DORs) synergized 



in spinal cord, and that this interaction was dependent on Protein Kinase C epsilon (PKCε). We 
interpreted this finding to mean that the synergy occurs on the central terminal of primary 
afferents, and reasoned that this MOR-DOR synergy should generalize to the peripheral 
terminals of those same nociceptors. For this study, we chose loperamide (Lo), a highly 
efficacious MOR agonist that is excluded from the CNS, and oxymorphindole (OMI), a DOR 
agonist that was shown to synergize with morphine spinally. 
Methods: Using the Hargreaves and tail flick thermal nociception assays, we evaluated the 
analgesic effect of loperamide, OMI, or their 1:1 combination in naive mice. Drugs were 
delivered by spinal (intrathecal, i.t.), local (intraplantar, i.pl.) or systemic (subcutaneous, s.c.) 
injections. We also examined the anti-hyperalgesic effect of the drugs or their combination in the 
mouse model of Freund’s Complete Adjuvant (FCA)-induced chronic inflammatory pain 
(subjects injected i.pl. with FCA 3-6 days earlier). Finally, the efficacy of a transdermal 
formulation of OMI-Lo was tested in the FCA model by applying drugs in an ethanol solution 
directly onto the hindpaw. 
Results: Our initial efficacy studies show that when combined in a 1:1 dose ratio—either locally 
or systemically—OMI-Lo produces analgesia (naïve subjects) at 4- to 10-fold lower doses or 
anti-hyperalgesia (inflamed subjects) at 50- to 100-fold lower doses than either agent given 
alone. This synergy is blocked by the peripherally restricted opioid antagonist, naloxone 
methiodide, reinforcing the peripheral localization of the effect. Lastly, OMI-Lo is able to 
produce potent anti-hyperalgesia when delivered as a transdermal solution. 
Conclusions: MOR agonists significantly synergize with DOR agonists at peripheral sites of 
action, providing strong evidence in support of peripherally restricted combination therapy. The 
systemic and transdermal efficacy of the combination, along with loperamide’s extremely low 
abuse liability, suggests that this combination therapy might be therapeutically useful to control 
inflammatory pain in the clinic. 
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Abstract: Although opioids are the most effective treatment for pain, the use of opioids is 
limited because of unpleasant side effects and the development of tolerance and dependence. We 
recently have shown that home cage wheel running is an effective method to assess nociception 
(Kandasamy et al., 2016) and may be a useful way to assess opioid side effects, tolerance, and 
dependence. We tested this hypothesis by measuring home cage wheel running before and 
following repeated injections of morphine into male Sprague-Dawley rats. Rats were 
individually housed in a cage with a running wheel for 7 days prior to morphine (5 mg/kg, s.c.) 
or saline administration. Rats received two more injections on each of the next three days. 
Naltrexone (2 mg/kg, s.c.) or saline was administered 30 min after the last morphine/saline 
injection to precipitate withdrawal. Administration of morphine caused a complete cessation of 
wheel running that recovered to baseline levels by the third hour after the injection. Tolerance 
was evident to morphine-depressed wheel running as was evident by a reduction in the 
magnitude of depressed wheel running on subsequent days. Administration of naltrexone 
following the seventh morphine injection induced mild signs of physiological withdrawal and 
produced a significant decrease in wheel running that persisted for over 2 hrs. Administration of 
naltrexone also depressed wheel running in control rats not given morphine, but this decrease 
was only evident for the first hour after the injection. These data indicate that home cage wheel 
running is a useful method to assess opioid side effects and withdrawal in the rat. 
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Abstract: Opioid analgesics are the most efficacious drugs for treatment of acute and chronic 
pain and hold the major market share of pain medications. However, the clinical utility of 
opioids is limited by development of tolerance and physical dependence during long-term 
administration. Improving the effectiveness and safety profile of opioids have remained major 
goals in drug discovery. 
The notion of biased signaling offers a new perspective as a means to separate therapeutic effects 
from unwanted side effects. This concept refers to the ability of different agonists to distinctively 
activate different signaling pathways while binding to the same receptor. Recent studies have 
indicated that G-protein versus βarrestin (and endocytosis) bias influences opioid tolerance and 
other side effects of opioids; suggesting bias towards G-protein improves safety profile. 
However the molecular basis underlying bias is not resolved yet. 
The aim of this study was to determine the mechanisms behind bias at MOR by considering the 
kinetic properties of agonist. Efficacy, bias and kinetics were determined in G-protein signal, 
Ser375 phosphorylation, βarr2 recruitment and internalization (signaling cascades triggered by 
activated MOR) for a series of widely used, potent opioids having a large range of G-protein 
versus endocytosis bias. The present study illustrated that opioid kinetic is agonist dependent. 
Inactivation of each pathway depends on ligand dissociation (residence time) rather than 
biochemical kinetics. Off-rate kinetics for G-protein were highly correlated with Ser375 and βarr2 
off-rates (rxy = 0.96 and 0.91 respectively). Most importantly, biased efficacies were strongly 
correlated with the off-rate kinetics for each pathway (rxy = 0.93, 0.96 and 0.98 for G-protein, 
Ser375 and βarr2 off-rate respectively). These results indicating that bias towards endocytosis at 
opioids requires sustained agonist occupancy. Slowly dissociating agonists such as 
endomorphins with long residence time develop endocytosis versus G-protein bias, suggesting 
for the first time that the residence time of an agonist at MOPr controls bias. 
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Abstract: Agonist-induced activation of G protein coupled receptors (GPCRs) produces their 
internalization followed by their recycling or degradation. In addition to the agonist-induced 
internalization, the delta opioid receptor (DOPr) was shown to be constitutively internalized 
through a clathrin-dependent pathway. However, to date the characterization of this mechanism 
is poorly described in the literature. Here, we used the proximity-dependent biotin identification 
(Bio-ID) coupled to mass-spectrometry to identify novel putative DOPr interacting partners. 
The biotin ligase Bir A* was fused to the carboxy-terminal tail of the rat DOPr and transfected in 
NG108-15 cells. Following incubation of cells stably expressing DOPr-Bir A* with biotin, the 
biotinylated proteins were isolated using sepharose-streptavidin beads then identified by mass 
spectrometry analysis. 
193 of 1557 proteins were considered as being specific and potentially interacting with DOPr. 
These proteins belong to 21 different families (examples are cell adhesion molecules, membrane 
receptors, transporters, trafficking, chaperones, and signalling molecules). Some proteins of the 
endocytic pathway have also been identified (including AP-2, clathrin heavy chain 1, clathrin 
interactor 1, various Rab). Immunofluorescence experiments performed on stable HEK cells 
expressing Flag-DOPr revealed that the constitutive internalization of DOPr was Rab5-
dependent. Most interestingly, we failed to observe a significant accumulation of DOPr in the 
lysosomes in the presence of chloroquine, suggesting that the agonist-independent internalized 
DOPr is primarily recycled back to the plasma membrane. Whether constitutively internalized 
DOPr is trafficked via the fast recycling pathway (Rab4 dependent) or the slow recycling 
pathway (Rab11 dependent) remains to be determined. 
Regulating the level of constitutive internalization of DOPr represents an opportunity to control 
the level of DOPr expressed at the cell surface and, by way of consequence, the level of 
analgesia induced by delta agonists. Therefore, a better knowledge of the mechanisms involved 
in the regulation of DOPr trafficking may lead to the development of new strategies to increase 
the analgesic potency of delta agonists. 
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Title: Kappa opioid receptor activation in neuropathic pain regulates reward 
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Abstract: The kappa opioid receptor (KOR) is known to regulate mood, motivation and reward 
pathways in the brain. It has been shown that activation of KORs at the nucleus accumbens 
(NAc) leads to a decrease in dopamine neurotransmission. Antagonists for this receptor have 
anxiolytic and anti-depressant effects in preclinical animal models, which are possibly due to the 
inhibitory tone of KOR on dopamine release. Chronic pain leads to anxiety and depression in 
patients, which negatively impacts their quality of life. Previous studies in acute pain models 
have determined that KOR activation does not alter anxiety and depression; however, it is 
unknown if KOR function alters motivation or negative affect in chronic pain states. It is 
hypothesized that chronic neuropathic (NP) pain leads to a decreased dopaminergic tone within 
the mesocorticolimbic pathway. In this study, we aimed to determine whether KOR activity is 
increased in NP pain and whether blockade of this receptor recovers reward in this chronic pain 
state. We induced NP pain in adult male C57/BL6 mice or Long Evans rats by implanting a 
polyethylene cuff around their sciatic nerve of the left hind limb. Using [35S]-GTPγS 
autoradiography, we found that NP pain mice exhibited significant increases KOR activation 
and/or availability in the NAc and ventral tegmental area (VTA) when compared to sham 
surgical controls. Conversely, we observed decreased MOR activation in the VTA of NP pain 
mice, suggesting either receptor down-regulation or desensitization. Previous studies in our lab 
identified that NP pain caused a blunting of reward circuitry where intra-VTA injection of MOR 
agonist DAMGO failed to produce a place preference. These data can be explained by a decrease 
in MOR function (possibly desensitization) as evidenced by [35S]-GTPγS autoradiography data. 
However, because KOR system is upregulated in NP pain conditions, we asked whether 
blockade of KOR could restore DAMGO-induced reward in NP pain. Pretreatment of the KOR 
antagonist JDTic prior to conditioning with intra-VTA DAMGO had no effect on place 
preference in sham animals but restored reward in NP pain animals. These results demonstrate 



that NP pain increases the expression and activation of KOR as well as a corresponding decrease 
in the expression and function of MORs in the dopaminergic reward pathway. Long-term KOR 
signaling may be regulating the functional effects of MORs in reward. This interaction provides 
insight to understanding why mu-opioid-based therapeutics to treat chronic pain in the clinic 
become less effective over time. This study also confirms the importance of KOR function with 
regard to reward in the chronic pain state. 
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Abstract: R7-binding protein (R7bp) facilitates the G i//o-directed GTPase activating protein 
(GAP) activity of complexes containing Gbeta5 and a regulator of G protein signaling protein 
belonging to the R7 subfamily (R7-RGS), thereby accelerating the termination of Gi/o signaling. 
We discovered that mice lacking R7bp have an abnormal somatosensory phenotype manifest by 
diminished scratching responses to a variety of pruritogens administered intradermally or 
intrathecally. In contrast, most of the nociceptive modalities tested were not different in R7BP 
knockout (KO) mice as compared to wild type. The pruriceptive defect in R7bp KO mice was 
abolished in double KO mice also lacking Oprk1, encoding the G protein-coupled kappa opioid 
receptor whose activation inhibits itch sensation. The anti-pruritic effect of kappa opioid agonists 
was potentiated in R7bp KO mice. Taken together, our results indicate that R7bp normally 
enhances pruriception by inhibiting G protein signaling coupled to, or downstream of, the kappa-



opioid receptor and suggest the potential targeting of R7bp-dependent GAP activity as a novel 
therapeutic strategy for pathological itch. 
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Abstract: Neuroimaging studies have showed plasticity changes in the human brain by training 
or learning. For musical training the plasticity change was observed in musical genres such as 
piano playing, violin playing or singing. However, when one person has experiences playing 
several musical instruments, differences in the plasticity change between musical instruments is 
not yet known well. In this study, we compared plasticity changes in the brain by musical 
training in piano and wind instruments by voxel-based morphometry (VBM) and resting state 
fMRI (rs-fMRI) signals. Twenty-four college students who were playing wind instruments and 
also had experiences of piano playing were participated. All subjects were scanned by 3T MRI 
(Siemens) in two sessions of structural (T1) and functional imaging (resting-state fMRI). The 
training period (years) for wind instruments showed a positive correlation with VBM data at a 
brain area, the left superior temporal gyrus (anterior of BA22). But the training period of the 
piano did not show correlation with any brain area at the same significance level. A seed-based 
analysis with the postcentral gyrus (Post-CG) as the seed was performed in correlation with the 
training period for wind instruments and piano respectively. Post-CG had more significant 
correlation with pre-center gyrus (Pre-CG) for the training period of wind instruments than for 
that of piano. Another seed-based analysis with STG as the seed revealed that many brain areas 
had significant correlation between STG and the training periods of wind instruments or piano 
experiences. The areas shown correlation with the wind instrument training only were the left 
supramarginal gyrus (SMG), the left frontal pole (FP) and the bilateral paracingulate cortices 



(Para-CC). The areas shown correlation with the piano training only were the superior division 
of the right lateral occipital cortex and caudate nucleus. SMG is part of the somatosensory 
association cortex, which interprets tactile sensory data. The core function of the FP is known as 
processing of the cognitive branching that enables multiple tasks. Para-CC is involved in social 
cognition. These suggest that the training of wind instruments affects brain functions related to 
somatosensory, multiple tasks and social cognition. The caudate nucleus and lateral occipital 
cortex are known to be involved in working memory, and the caudate nucleus is also known to 
be involved in motor processing. These suggest that piano training affects working memory and 
motor function. Those results, together, indicate that brain plasticity change is related 
specifically to the playing styles as well as the musical instrument per se. 
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Abstract: Whether blind people are different from the sighted in perceiving the world is a long-
standing question. Research has shown that sighted people prefer a curved visual object over a 
sharp one (Bar & Neta, 2007), and a symmetric visual object over an asymmetric one (Shepherd 
& Bar, 2011). However, it has rarely been studied how people perceive 3D tactile objects, how 
they characterize them, and whether the appreciation of 3D tactile objects can be affected by 
early visual experience. In order to fill this gap, we investigated tactile discrimination, and 
appreciation and preference for 3D tactile shapes in congenitally blind, late-onset blind and 
blindfolded sighted participants. 
Method: 15 congenitally blind, 13 late-onset blind and 11 blindfolded sighted adults were tested 
in two different experiments. Nine pairs of 3D tactile geometric shapes (sharp vs curved) were 
presented in Experiment 1, and ten pairs of 3D tactile shapes (symmetric vs asymmetric) were 
presented in Experiment 2. Participant’s task was to explore and compare the members of each 



stimulus pair with two hands, and respond to a set of 14 questions (using a 2AFC paradigm) 
designed to measure their tactile discriminability, tactile preference, and aesthetic appreciation. 
Results and Discussion: Analysis of data in MANOVA revealed that there was no difference in 
tactile discrimination (sharpness, symmetry) between the three groups of participants. On 
average, they exhibited significantly more preference or aesthetic bias for a curved 3D tactile 
shape over a sharp one and for a symmetric 3D tactile shape over an asymmetric one. These 
findings are in line with previous findings in the visual modality (Bar & Neta, 2007; Shepherd & 
Bar, 2011). Though we did not find any overall difference between the groups we did observe 
that the proportion of individuals making a preference or aesthetic bias for a sharp or asymmetric 
3D tactile shape were greater in the blind than the sighted. More interestingly, both the blind and 
sighted participants characterized the sharp or asymmetric 3D tactile shapes by more emotionally 
intense attributes as compared to the curved or symmetric shapes. This suggests that sharp or 
asymmetric 3D tactile shapes may have inherent capacity to produce a greater response in the 
brain areas engaged in emotion processing as compared to the curved or symmetric shapes. This 
is partly supported by the finding that sharp visual objects produce an increased activation of the 
amygdala as compared to the curved visual objects (Bar & Neta, 2007). All these findings are 
very informative and lead to further research on the underlying brain mechanisms or neural 
correlates of tactile shape and aesthetic processing. 
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Abstract: After long recovery times (> 6 months) from dorsal column lesions (DCLs), rewiring 
of neuronal connections in the somatosensory system underlies the cortical reactivation of 
somatosensory areas 3b and 1. The second-order spinal cord projections from below the lesion 
level could contribute to the functional recovery after DCLs because these neurons convey tactile 
inputs to the ipsilateral cuneate nucleus (Cu) through the cuneate fasciculus and lateral funiculus. 
We tested this hypothesis by comparing the distributions of second-order spinal cord neurons in 
the cervical spinal cord in normal monkeys and monkeys after short and long-term recovery 
periods after DCLs. Nine New World monkeys (Saimiri boliviensis; 5 male and 4 female) were 
used in this study. In 2 normal monkeys, a retrograde tracer, cholera toxin subunit B (CTB), was 
injected into the digit representation in the Cu to label the second-order spinal cord neurons. In 7 
monkeys, unilateral DCLs were made at the C4 level. After 2 weeks (short-term; n=3) or after 7-
9 months (long-term; n=4), CTB was injected into the Cu ipsilateral to the lesion site. We 
mapped hand representations in the contralateral areas 3b and 1 by microelectrode multiunit 
recordings to investigate the cortical reactivation after injuries. The labeled neurons in the 
cervical spinal cord were plotted and quantified. Our results revealed that: 1) in normal monkeys, 
the labeled neurons were extensively distributed in the cervical spinal cord ipsilateral to the 
tracer injections site in the Cu. 2) After short recovery periods in monkeys with extensive DCLs 
(91-100% complete), the hand representations in contralateral areas 3b and 1 remained 
unresponsive or only weakly responsive to touch on hand. The proportions of labeled spinal cord 
neurons in the ipsilateral C5-C8 below the lesion (8.3% -14.8%) were greatly decreased 
compared to the normal monkeys (54.4% and 56.5%). 3) After long recovery times, the 
deafferented somatosensory cortex of 2 monkeys with complete DCLs responded weakly to 
touch on face and forelimb, and occasionally on the hand. The proportions of labeled neurons in 
the ipsilateral spinal cord below the lesion were only 3.6% and 5.0%. In 2 monkeys with large 
but incomplete DCLs (87% and 72% complete), the hand cortex in areas 3b and 1 responded 
well to touch on hand in a roughly somatotopic organization. The proportions of labeled neurons 
below the lesion in the ipsilateral cervical spinal cord (22.2% and 39.0%) were increased over 
neurons labeled in the short-term cases. Accordingly, we suggest that the second-order spinal 
cord pathway contributes to cortical reactivation, especially after incomplete DCLs and long 
recovery times. 
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Abstract: In a nonhuman primate model of spinal cord injury, unilateral lesions of the dorsal 
column (DC) disrupt sensory input from one hand to impair sensation and motor control. Task-
specific rehabilitation (Rehab) to encourage hand use may promote functional recovery, and 
combining Rehab with appropriate interventions may further enhance recovery. Treatments 
incorporating the chondroitinase ABC (ChABC) enzyme to digest chondroitin sulfate 
proteoglycans in the extracellular matrix are studied for the potential to reduce barriers that 
prevent axons at the lesion site from growing to their targets. Rodent models yield promising 
results, and we collaborate here to investigate ChABC treatment using an affinity release 
hydrogel (Pakulska et al. 2015) in nonhuman primates to provide valuable information for 
clinical studies. We hypothesized that ChABC-hydrogel + Rehab would improve sensorimotor 
function sooner, and would result in more neurons with useful response properties in the cortex. 
Because the ChABC-hydrogel has been studied in rodents but not primates, we delivered the 
hydrogel alone to the cervical spinal cord in 1 adult male squirrel monkey (Saimiri) without 
inducing a DC lesion. Behavioral observations and histological processing of tissue for structural 
markers and microglia/macrophages indicated that the hydrogel was safe and did not produce 
undesirable side effects. We then obtained preliminary results from 2 adult male squirrel 
monkeys that received ChABC-hydrogel at the time of experimentally induced DC lesions. 
Promising data suggest that use of the impaired hand in the Rehab task occurred earlier with 
ChABC-hydrogel treatment than with Rehab only. After a 12-week Rehab period, we assessed 
neuron responses and topographic organization in both hemispheres of primary somatosensory 
cortex area 3b. Reactivation of the deprived area 3b was incomplete and retained abnormalities 
typically found after DC lesions. After single electrode mapping, we implanted microelectrode 
arrays into both hemispheres of 1 monkey and recorded responses to tactile stimulation. In our 
preliminary sample, responsive neurons had faster latencies and higher response rates after 
ChABC + Rehab compared to cases without treatment. These findings suggest that the ChABC 
treatment did not promote detrimental changes; however, and we found no evidence that 
ChABC-hydrogel healed the lesion within the 12 weeks studied. The spinal cord in both 
monkeys sustained extensive lesions of segment C5. By evaluating multiple measures, these 



results represent initial studies to employ combination treatments with Rehab in a nonhuman 
primate model of spinal cord injury and sensory loss. 
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Abstract: Cortical and sub-cortical somatosensory areas undergo large-scale reorganization 
following deafferentations. As a result of chronic unilateral dorsal column lesions, neurons in the 
deafferented hand region of cortical area 3b, secondary somatosensory area (SII), parietal ventral 
area (PV), and ventroposterolateral nucleus (VPL) of the thalamus respond to touch on the chin. 
However, extent and nature of reorganization of the brainstem dorsal column nuclei were not 
well understood. Here we determined the somatotopy of the cuneate nucleus, which normally 
receive afferent connections from the hand, in monkeys with chronic unilateral dorsal column 
injuries at cervical levels. We first mapped the somatosensory area 3b using multiunit mapping 
techniques. As expected, the chin representation showed an expansion into the hand area. Chin 
representation expanded medially up to a region where arm or occiput representations are found. 
Few hand-responsive neurons were found at some recording sites inside hand cortex due to 
minor sparing of dorsal column fibres. In the same monkeys, we mapped the dorsal column 
nuclei on the deprived side. Neurons showed responses to tactile stimulations to the chin 
throughout the cuneate nucleus. Few neurons in pars rotunda responded to touch on the hand as 
seen in area 3b. In addition, neck, shoulder, occiput and arm representations, which are normally 
confined to the dorsal and lateral parts of the cuneate nucleus, expanded into the ventral and 



medial part of the nucleus. Normally inputs from digits and glabrous hand region are present in 
this region. Neurons at many recording sites had dual receptive fields either on chin and arm, or 
on chin and neck, shoulder or occiput. The present findings show that following dorsal column 
lesions, cuneate nucleus also undergoes large-scale reorganization, with expansion of chin 
representation, as well as of arm, neck, shoulder and occiput representation. 
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Title: Receptive fields and response properties of neurons in the S1 whisker representation of 
early blind short-tailed opossums 

Authors: *D. L. RAMAMURTHY, L. A. KRUBITZER;  
Ctr. for Neurosci., UC Davis, Davis, CA 

Abstract: The mammalian neocortex has a remarkable capacity to alter its functional 
organization and connectivity in response to changing patterns of sensory input. In animals and 
humans deprived of visual input early in development, cortical areas normally associated with 
vision are recruited by spared sensory modalities. Further, there is also compensatory plasticity 
in the cortical areas associated with spared sensory modalities. Most previous studies examining 
cross-modal plasticity following blindness have examined plasticity within the auditory system. 
However, there have been a few reports of changes within the somatosensory cortex following 
blindness including the expansion of the S1 barrel fields in bilaterally enucleated rats. Previous 
studies in our laboratory have shown that there is an increase in the percentage of neocortex 
dedicated to S1 in bilaterally enucleated short-tailed opossums, and in some cases alterations in 
overall functional organization. The short-tailed opossum, Monodelphis domestica, provides a 
tractable animal model in which to investigate early cortical development because the immature 
state of the nervous system at birth allows for targeted manipulations to be performed ex utero 
very early in development. We used single-unit extracellular recording techniques to examine the 



receptive fields and response properties of neurons in the S1 whisker representation of short-
tailed opossums that were bilaterally enucleated at P4 (P0 in Monodelphis domestica is 
equivalent to E11 in the mouse and E12 in the rat). Preliminary data indicate that compared to 
sighted controls, S1 neurons in the whisker representation of these animals display lower 
stimulus-evoked firing rates and smaller receptive fields. These differences in S1 suggests that 
there is compensatory plasticity in primary somatosensory cortex of these early blind animals, 
which could either be a direct consequence of the early loss of visual input, or due to an 
differences in the extent to which early blind animals rely on whisker-mediated touch in the 
absence of vision. 
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Title: The role of CaMKII in spine dynamics and experience-dependent structural plasticity of 
L2/3 cortical neurons 
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Abstract: Functional plasticity studies to date in cortical layer 2/3 (L2/3) have demonstrated 
robust experience dependent potentiation (EDP) and long-term potentiation (LTP), whilst 
structural plasticity in these layers remains largely uncharacterized. Here we investigated the 
relationship between functional and structural plasticity in barrel cortex L2/3 neurons, by 
exploiting the CaMKII-T286A (T286A) mouse model, which lacks EDP and LTP, but retains 
LTD. Spines of T286A L2/3 basal dendrites were compared to those of wild-type animals (WT) 
for baseline turnover, formation and elimination in response to whisker deprivation, stability of 
newly formed spines and existing spine size fluctuations. In vivo 2-photon microscopy was used 
to image dendritic spines both before and after chessboard whisker deprivation. Baseline 
condition imaging (when animals are not whisker deprived) revealed T286A mutant mice have 
higher spine turnover rates compared to wild-type controls. However, T286A mutant mice 



formed fewer new spines in response to whisker deprivation compared to WT mice. 
Furthermore, in T286A mice, new spines were less likely to persist beyond 8 days, which would 
suggest the probability of stable synapse formation may be reduced, in the absence of CaMKII 
autophosphorylation. (K. Svoboda 2006). Indeed T286A mice exhibit fewer “always persistent 
spines” (spines present throughout the entire imaging protocol), compared to WT controls. In 
comparison, following deprivation, WT control animals showed increased spine formation, 
destabilization of previously stable spines, and an increased number of new spines that persisted. 
Comparisons between pairs of dendrites at bifurcation points revealed that spines were 
specifically added to high formation branches in WT animals, whilst in T286A mutant mice, the 
few new spines that were formed in response to whisker deprivation showed no preference for 
dendrite branch. Increased baseline turnover and deficits in experience dependent new persistent 
spine formation in T286A animals coincided with a smaller range of spine size fluctuations 
compared to WT controls. In particular, large spines in T286 mice tended to be less extreme in 
size than in WT mice, which may be related to the T286 deficit in LTP. These results suggest 
CaMKII autophosphorylation plays a significant role in experience dependent dendritic spine 
restructuring in L2/3 neurones. 
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of somatosensory cortex 
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Abstract: The whisker map in L2/3 of mouse primary somatosensory cortex has very high local 
scatter, such that neighboring neurons, intermixed within a column, are often tuned to different 
nearby whiskers (Sato & Svoboda 2010; Clancy et al., 2015). This “salt and pepper” 
organization was discovered in mice housed in standard laboratory conditions, which may 
represent a deprived environment. Here we test how sensory experience regulates this micro-
organization within L2/3. We raised C57BL/6 mice with environmental enrichment (EN), 



including tactile objects and 2-3 littermates, or in normal housing (NH), with 1 littermate but no 
other objects. Objects were introduced at weaning (P21) and were exchanged regularly to 
encourage whisker exploration. At age P50 ± 10 days, we measured whisker responses and 9-
whisker tuning curves (somatotopic tuning) in L2/3 using 2-photon imaging of virally expressed 
GCaMP6s through a chronic cranial window. We observed robust changes in whisker-
responsiveness and local somatotopy with enrichment. In EN mice, spontaneous activity was 
increased over NH mice, and cells showed stronger dF/F responses to their best whisker. In NH 
mice, neurons were not spatially clustered by whisker tuning—neurons tuned to the same 
whisker were not closer together than random pairs of neurons in the imaging field, which was 
roughly the area of one column. However, in EN mice, co-tuned neurons were significantly 
spatially clustered relative to randomly chosen neurons (p<0.01). This suggests either more 
accurate columnar somatotopy, or more homogeneous tuning neighborhoods within the column. 
To measure these effects specifically in pyramidal neurons, we repeated the experiments in 45 ± 
5 day old Drd3-Cre mice, which expressed GCaMP6s in a subset of L2/3 pyramidal neurons. In 
NH Drd3-Cre mice, only 6.6%± 2.7% of GCaMP6-expressing pyramidal neurons were 
responsive to any whisker, whereas 51%± 13% were responsive in EN littermates. In enriched 
Drd3-Cre mice, co-tuned pairs of cells were more spatially clustered than random pairs (p<0.01), 
similar to the C57BL/6 cohort. These findings demonstrate a strong impact of sensory experience 
on the spatial organization of the L2/3 whisker map. 
Clancy KB, Schnepel P, Rao AT, Feldman DE. Structure of a single whisker representation in 
layer 2 of mouse somatosensory cortex. J Neurosci. 2015;35(9):3946-58. 
Sato TR, Svoboda K. The functional properties of barrel cortex neurons projecting to the primary 
motor cortex. J Neurosci. 2010;30(12):4256-60 
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Abstract: After a stroke in the somatosensory cortex, the function of tissues lost to injury will 
remap into regions surrounding the infarct. This remapping forms the basis for functional 
recovery after stroke, but its mechanism remains poorly understood. Anatomical studies have 
shown that dendritic spines in layer 1 become more labile during the period of remapping, 
suggesting that the cortex is a locus of plasticity (Brown et al. J Neurosci 2007). However 
whether these anatomical changes correspond to new sensory inputs has not been demonstrated. 
Following recent advances in subcellular calcium imaging (Chen et al. Nature 2013; Varga et al. 
PNAS 2012), we developed a murine model where post-stroke remapping can be imaged 
longitudinally in vivo at the level of individual spines. Neurons in all layers of the barrel cortex 
except layer 4 were sparsely labeled with a genetically-encoded calcium sensor (GCaMP6s) 
using adeno-associated viruses. Spine calcium responses to stimulations of the barrel’s principal 
whisker or of surrounding whiskers were imaged over multiple days using two-photon 
microscopy. In each imaging session (typically lasting 2h), we could sample the activity of ~100 
spines on a single neuron. We focused on pyramidal neurons in layer 2 and 5 which were 
brightly labeled. At the spine level, spontaneous as well as sensory-evoked calcium transients 
were sparse. Approximately 1/10 spines displayed reliable responses to whisker stimulation. In 
agreement with previous results, most responsive spines preferred stimulation of the barrel’s 
principal whisker, while the remainder responded to both whiskers or to the surrounding whisker 
alone. We are currently studying the stability of spine whisker preference over the course of 
several weeks. We will next examine the plasticity of synaptic inputs in peri-infarct tissue after a 
barrel is deleted by photothrombotic stroke. 

Disclosures:  M. Levy: None. R.I. Grant: None. C. Burton: None. A.Y. Shih: None. 

Poster 

709. Somatosensation: Plasticity 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 709.10/FF6 

Topic: D.03. Somatosensation: Touch  

Support: SNSF Grant CRSII3_154453 

 SNSF Grant 31003A_153448 

 SNSF Grant 51AU40_125759 

 IRP and Hans Wilsdorf Foundation 



Title: LTP in the mouse barrel cortex driven by cooperative lemniscal and paralemniscal 
pathway activity 

Authors: *L. E. WILLIAMS, A. HOLTMAAT;  
Fundamental Neurosci. and Ctr. for Neurosci., Univ. of Geneva, Geneva, Switzerland 

Abstract: Long term potentiation (LTP) is thought to underlie changes in synaptic efficacy as 
observed during cortical synaptic network plasticity and learning. Our lab has previously 
demonstrated in vivo that repeated sensory input, in the form of 8-Hz rhythmic whisker 
stimulation (RWS), induces synaptic LTP in layer (L) 2/3 pyramidal cells of the somatosensory 
barrel cortex (BC) [Gambino et al., Nature, 2014. 10.1038/nature13664]. Whisker sensory 
information is primarily processed by the lemniscal pathway, which comprises neurons in the 
ventral posteromedial (VPM) thalamus that mainly project to BC L4 and L5B. L4 cells in turn 
synapse on L2/3 pyramidal cells. Whisker stimuli also recruit activity in paralemniscal circuits, 
which contain projections from the posteromedial complex of the thalamus (POm) to BC L1 and 
L5A. Our lab has found that RWS evokes prolonged coactivity of these two pathways, which is 
necessary to drive sensory-evoked LTP in the absence of somatic spikes. However, the exact 
nature of the synaptic circuits remains elusive. Here, using whole-cell patch clamp recordings in 
thalamocortical slices we tested if repeated coincident activity of L4 and POm synapses onto 
L2/3 pyramidal cells is sufficient to drive LTP. Activity of L4 and POm synapses was paired by 
electrical stimulation of L4 and optical stimulation of channelrhodopsin-2 (ChR2) expressing 
POm axons. Rhythmic (8Hz) coincident pairing of activity in these two circuits efficiently 
induced LTP of postsynaptic potentials (PSPs) in the L4-to-L2/3 synapses. Paired stimulation 
while suppressing POm neurotransmission using Designer Receptors Exclusively Activated by 
Designer Drugs (DREADDS) pharmacogenetics, or while blocking NMDA receptors, failed to 
induce LTP. We are currently testing to what extent GABAergic inhibition on L2/3 dendrites 
regulates this form of LTP. L2/3 pyramidal dendrites are efficiently inhibited by somatostatin 
(SST) expressing interneurons, which in turn are inhibited by vasoactive intestinal peptide (VIP) 
expressing interneurons. Thus, VIP cells are thought to disinhibit L2/3 pyramidal dendrites, 
which could gate activity- dependent synaptic plasticity. We find that optical stimulation of 
ChR2-expressing POm axons evokes PSPs in VIP neurons. Preliminary data suggest that 
inhibition of VIP or SST interneuron activity using DREADDS in VIP-CRE and SST-CRE 
mouse transgenic lines bidirectionally alters LTP. Our data identifies excitatory and disinhibitory 
microcircuits whose synergistic activity may facilitate sensory-driven LTP in the barrel cortex. 
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Abstract: Brain-derived neurotrophic factor (BDNF) plays a key role in development and 
plasticity of the central nervous system. We previously reported that death receptor 6 (DR6) and 
amyloid precursor protein (APP) are required for axonal pruning in adult somatosensory cortex 
following manipulation of sensory experience (e.g. whisker plucking). While neurotrophin 
withdrawal leads to activation of the DR6/APP pathway in the developing brain, the link 
between neurotrophins and the DR6/APP pathway in adult plasticity has not been determined. 
Here we confirm previous reports that an elevation in BDNF within the lesion projection zone 
(LPZ) occurs following sensory deprivation. Furthermore, we directly tested if artificially 
increasing BDNF levels would result in the expression of key members of the DR6/APP pathway 
by injecting a CMV.GFP.2A.GFP AAV into mouse somatosensory cortex. 
Immunohistochemical labeling of components of the apoptotic pathway showed upregulation of 
proBDNF, DR6 and APP in neurons surrounding BDNF expressing cells. APP was upregulated 
mainly in layer 2. As expected, proBDNF expression occurred in BDNF infected neurons; 
however, unexpectedly neurons neighboring GFP positive neurons also expressed proBDNF. 
Caspase 3 expression was observed within in a small population of BDNF expressing neurons 
throughout the injection. We examined expression of cleaved caspase 3 in WT and CREmKI 
mice, which contain a mutation in promoter IV of the BDNF gene. Two days following whisker 
plucking cleaved caspase 3 is detectable within the barrel cortex of WT mice but not detected in 
CREmKI mice. Taken together these results suggest a role for BDNF in the DR6/APP pathway 
and the resultant experience dependent axonal pruning in the adult. 
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Title: Neuroplasticity in the primary sensory cortical neurons following facial nerve 
reconstruction in adult rats 

Authors: *J.-J. HUANG1,4,2, J.-L. CHEN4,1, C.-H. LIN3,2, Y.-C. PEI1,4,2;  
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Abstract: Sensory-motor recovery is a spontaneous phenomenon that occurs after peripheral 
nerve injuries, such as cutting, blunt, laceration injury and nerve transplantation, and is mediated 
by neuroplasticity. Even though the return of neuronal activities in peripheral nerves and 
trigeminal ganglia have been observed, the neuronal mechanisms mediated by the thalamus and 
cerebral cortex remain unknown. To this end, we used whisker-to-barrel model in rodents to 
evaluate the alteration of neuronal tuning following a neurotomy and neurorrhaphy surgery, an 
approach that is analogous to a nerve reconstruction surgery in patients. We used a piezo-
actuator-based whisker stimulator to bend the whisker at a variety of directions and speeds. We 
applied extra-cellular recording using micro-wire electrode arrays to record neuronal spiking 
activities in the barrel cortex in response to whisker stimulation in adult rats. The recording was 
performed before and after the neurotomy and neurorrhaphy surgery with a follow-up period up 
to 4 to 6 weeks post-surgery. The results showed that all units lost their sensory responses 
immediately after the surgery and, surprisingly, the sensory responses could recover as early as 7 
days post-surgery. Further follow-up showed that one third of the units regained their whisker 
tuning that is analogous to that before the surgery. The onset latency of neuronal responses to 
whisker stimulations prolonged in the early recovery period and gradually decreased in the late 
recovery period. In conclusion, the present study reveals the neuronal mechanisms that account 
for the functional recovery following nerve reconstruction in the whisker-to-barrel model. 
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Title: Physiological and morphological roles of endocannabinoid 2-arachidonoylglycerol in the 
developing neuronal circuit in the mouse barrel cortex 
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Abstract: Recent studies indicated that endocannabinoids play important roles in the 
development of neuronal circuits both physiologically and morphologically. In the rodent barrel 
cortex, we have shown that type 1 cannabinoid receptors (CB1R) cause the long-term depression 
(LTD) component of spike timing-dependent plasticity (STDP) at the thalamocortical as well as 
L4-L2/3 synapses. We also demonstrated that CB1R knockout (CB1R-KO) mice show 
disorganized thalamocortical projections. Thus, endogenous CB1R signalling is important in 
translating physiological changes into morphological consequences. Anandamide and 2-
arachidonoylglycerol (2-AG) are regarded as two major endocannabinoids, but to what extent 
each substance is involved in the cerebral cortex is still obscure. We show here that observed 
physiological and morphological effects are accounted for by 2-AG as the major 
endocannabinoid, using mutant mice lacking a 2-AG synthesizing enzyme, diacylglycerol lipase 
α (DGLα). We found that timing-dependent LTD (tLTD) was completely absent at L4-L2/3 as 
well as thalamocortical synapses in DGLα KO mice. Rather, KO animals and heterozygotes 
showed slight potentiation, possibly revealing occluded tLTP. In addition, we observed 
morphological abnormality in the thalamocortical projections stained by DiI at P12 in DGLα KO 
mice. Individual axons did not terminate within barrels as in wild type mice; instead, there were 
significant invasions of thalamocortical afferents into L2/3 as in CB1R KO mice. From theses 
results, we conclude that 2-AG works as a major endogenous ligand to produce physiological 
and morphological effects acting on CB1R in the mouce barrel cortex. 
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on proprioception in chronic stroke participants 
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Abstract: Proprioception refers to the perception of limb motion or position and the orientation 
of one’s body in space. Nearly 50% of stroke survivors showed proprioceptive deficits (e.g. 
Carey & Matyas 2011), which is associated with poor upper limb motor function impairing many 
activities of daily living. Thus, improving proprioception could be an additional route to enhance 
motor recovery. We designed a robot-aided training regimen that required users to make active 
wrist movements without vision. User grasped the handle of the robot and performed wrist 
adduction/abduction movements to tilt a virtual board on which a ball rolled. Aim was to roll the 
ball to a target on the board. Real-time, vibro-tactile feedback about joint position and velocity 
was provided to the forearm. METHODS: Two functionally independent yet with limited 
affected arm use, chronic stroke participants were recruited (Fugl-Meyer Assessment: 65/66 & 
27/66). Four healthy participants (mean age ± SD: 26.4 ± 3.3 years) served as controls. 
Participants completed two training sessions on two consecutive days (total training time: 1 
hour). A familiarization phase with vision was completed prior to training, while training was 
performed without vision. Task difficulty increased as the participants succeeded. Assessment 
was conducted before, immediately after, and two days after the intervention. Outcome measures 
were 1) wrist position sense acuity defined as the just-noticeable-difference threshold of wrist 
abduction/adduction and 2) the latency (time to peak) of a somatosensory-evoked potential 
proprioception-related component (N30). Controls were assessed only before and after the 
intervention. RESULTS: The more severely impaired stroke participant improved and 
maintained his wrist position acuity (Pretest: 5.4°; Day 2 (End of training): 3.3°; Day 5: 2.3°). 
The less affected stroke participant did not show proprioceptive deficits but performed within the 
range of the control group (Pretest: 0.8°; Day 2: 0.8°, Day 5: 1.2°; Control group: Pretest mean ± 
SD: 2.0° ± 1.2°; Day 2 mean ± SD: 1.4° ± 0.5°). The N30 latencies were within the known 



normal range throughout the tests in both groups. CONCLUSION: Robot-aided proprioceptive 
training may improve proprioceptive acuity in chronic stroke participants with known 
proprioceptive impairment. If the effectiveness on improving the proprioceptive and motor 
function is substantiated in a larger population, the proposed training could be a treatment 
approach for clinical practice. REFERENCES: Carey LM & Matyas TA. Frequency of 
discriminative sensory loss in the hand after stroke in a rehabilitation setting. J Rehabil Med. 
2011;43(3):257-63. 

Disclosures:  I. Yeh: None. N. Elangovan: None. J. Holst-Wolf: None. A. Cuppone: None. J. 
Konczak: None. 

Poster 

709. Somatosensation: Plasticity 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 709.15/FF11 

Topic: D.03. Somatosensation: Touch  

Support: Gottfried Wilhelm Leibniz Price 

 Deutsches Zentrum für Neurodegenerative Erkrankungen 

 Bernstein Center for Computational Neuroscience Berlin 

 Humboldt Universität zu Berlin 

Title: A comparative study of genital representation in the primary somatosensory cortex of 
mammals 
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Abstract: Mammals show sexually dimorphic external genitalia. Little is known about the 
representation of these in the primary somatosensory cortex (S1). Recent anatomical and 
physiological studies in the rat have identified a region in S1, which responded to genital 
stimulation (Lenschow et al., 2016). In rats genital cortex was sexually monomorphic and 
showed expansion during puberty. In the current study, we addressed the following questions: (i) 
Is the distinctive representation of penis/clitoris conserved across species? (ii) Is genital 
representation sexually monomorphic across species? (iii) Can growth of genital cortex also be 
observed in other species? (iv) Is there a correlation between socio-sexual behavior and genital 



representation? To answer these questions, we performed cyotchrome oxidase staining of the 
flattened cortex and identified a distinctive genital representation in eight further species (Mouse, 
Mongolian Gerbil, Syrian Hamster, Degu, Guinea Pig, American Chipmunk, Chinchilla, Rabbit). 
Genital cortices were sexually monomorphic. Four species (Mouse, Hamster, Rabbit, Gerbil) 
were investigated for puberty related expansion of the genital cortex and we observed a 1.4 fold 
to 3.1 fold increase, similar to that reported in rats (Lenschow et al., 2016). The relative size of 
genital cortex varied between the species (0.41 to 1.73% of the area of somatosensory cortex), 
with monogamous animals typically exhibiting a smaller genital cortex compared to polygamous 
animals. Comparisons between solitary and social living species did not reveal any differences. 
Remarkably, relative testicle size (a robust evolutionary indicator of sperm competition) and 
relative size of genital cortex area was highly correlated. Our results identify conserved features 
of genital cortex (position, sexual monomorphism, pubertal expansion, erect posture of the 
penis). Species differences point to an important role of sexual selection in the evolution of 
genital cortex - to our knowledge this is the first time that effects of sexual selection on a cortical 
region have been documented. 

Disclosures:  S. Lauer: None. C. Lenschow: None. M. Brecht: None. 

Poster 

710. Auditory System: Periphery 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 710.01/FF12 

Topic: D.05. Audition  

Support: the Ministry of Education, Culture, Sports, Science, and Technology (Japan) 

Title: Intrinsic harmonics in the human cochlea revealed by 7 Tesla MRI 
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Abstract: The classical model of the cochlea views it as a “spectral analyzer” made of a 
“dispersive transmission line” where different frequency components travel at different speeds 
(travelling wave). The basilar membrane (BM) is topographically organized so that the BM at 
the specific location resonates with its characteristic frequency. Although this linear concept and 
model has provided a powerful approximation, modern investigations revealed that the behavior 
of the cochlea is highly non-linear on which its functionality appears to be strongly dependent. 
Since, in principle, activities of the inner hair cell (IHC) and, hence, spiral ganglionic acoustic 



neuron linearly correlate with the BM displacement, the non-linear behavior of the BM with 
respect to auditory input primarily is believed to arise from active outer hair cell (OHC) 
modification on passive responses of endolymph towards input signals. Currently, there are two 
leading hypotheses related OHC function, referred to as the non-linear resonant tectorial 
membrane (NL-RTM) and the cochlear amplifier (CA) model. Unfortunately, they still remain 
far from providing a perfect description of cochlear functionality; especially when one considers 
the significance of formants in human language processing. Using functional magnetic resonance 
imaging (fMRI), we have previously demonstrated that behavior of the human primary motor 
cortex can be effectively modeled by ensemble behavior of limit cycle oscillators and 
entrainment (Entropy 17: 7596-7607, 2015). Should OHC possess properties of a self-excited 
van der Pol (limit-cycle) oscillator, it could help the BM to synchronize with subharmonic 
driving forces passively brought about by auditory stimuli by the entrainment mechanism. To 
test this hypothesis, we performed in vivo analysis of the BM response in the human cochlea 
using 7 Tesla MRI. Endolymphatic fluid motion concomitant with BM displacements was 
detected as signal alteration of steady-state free precession imaging technique. The results 
unequivocally exhibited that stimulus sounds (pure tone and narrow-band chirp, centered at 3 
kHz or 4 kHz) introduced the BM response not only at the location corresponding to the 
characteristic frequency but also those for its overtones. The study strongly indicated that human 
cochlea has an intrinsic sensitivity to pure tone harmonics, which is likely driven by BM 
resonance with subharmonics (1/2, 1/3, 1/4, ···) of its characteristic frequency inherent to non-
linear dynamics. 
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Title: Spiral ganglion in an aged adult human cochlea 
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Abstract: Constant exposure to occupational and environmental noise impairs the hearing ability 
and degree of impairment and its prevalence increases with age. One major cause of age related 
hearing loss is the loss of Spiral Ganglion Neurons (SGNs) that convey nerve impulses from the 
hair cells of the cochlea to the cochlear nucleus for audition. Two important neurotransmitters 
that are involved in the auditory pathway are the inhibitory GABA and the excitatory Glutamate 
(one of its common receptors being NMDAR-2B in SGN). Earlier, we had estimated that the 
young adult (between 21-30 years) have on an average 27,485 ± 3251.3 neurons, and that there 
were an equivalent number of GABA and NMDAR-2B positive neurons in the same cases.In this 
study, we estimated the total number of SGNs in the cochlea of an elderly adult and also studied 
the expression of GABA and NMDAR-2B in the same case. Temporal bone specimen of a 70 
year old individual was obtained from the mortuary at All India Institute of Medical Sciences, 
New Delhi, with approval from the Institute’s Ethics committee. It was fixed in buffered 
formalin, dissected, decalcified, cryoprotected and serially sectioned (30µm) in the coronal 
plane. Every 7th section was stained by cresyl violet, immunostained with GABA (Abcam, 
ab86186; 1:1000), NMDAR 2B (Abcam, ab93610; 1:1000) using standard protocol. The total 
number of SGNs (Optical Fractionator), SG volume (Cavalieri) and the volume of soma and its 
nucleus (Nucleator) were estimated with the StereoInvestigator software (Microbrightfield Inc. 
VT, USA).The estimated total number of neurons was 14730, total volume of the SG was 1.32 
mm3, and the volume of the soma and its nucleus were 2913µm3 and 144µm3 respectively. The 
expression of GABA and NMDAR 2B was reduced when compared to its expression in younger 
adults. Hence, we show that in the elderly, there is a significant reduction in the number of SGNs 
and a decreased expression of GABA and NMDAR-2B in the SGNs. These findings need to be 
confirmed in a larger population, but these preliminary results suggest that aging probably causes 
a reduction in the number of SGNs and also the efficacy of the surviving cells, since their 
functioning is dependent on the availability of the neurotransmitters GABA and glutamate. 
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Title: Significantly improved recovery of severe noise-induced hearing loss by the orally 
available, clinical drug candidate SENS-401 

Authors: *J. DYHRFJELD-JOHNSEN, M. PETREMANN, L. BEYNAC, A. BROUSSY;  
Sensorion SA, Montpellier, France 

Abstract: Sensorineural hearing loss through acoustic damage to the sensory hair cells, synapses 
and neurons of the cochlea is among the most common types of permanent hearing loss for 
adults (American Speech-Language-Hearing Association - ASHA; Hearing Loss Association of 
America - HLAA). Currently no approved pharmaceutical treatment exists for sudden hearing 
loss and recent meta-analysis of the standard-of-care, off-label use of corticosteroid therapy have 
concluded that neither systemic nor intratympanic administration has any significant treatment 
effect (Crane et al. 2015, Laryngoscope 125(1):209-17). 
SENS-401 is small molecule, clinical drug candidate which can be administered orally and 
achieves significant local exposure (50-250 nM) in perilymph and inner ear tissue lasting at least 
6 hours after a single oral administration in naïve rats. 
Following baseline audiometry (ABRs at 8/16/24 kHz; DPOAEs at 4/8/16/24/32 kHz), 7 week 
old awake and behaving male Wistar rats were exposed to 120 dB octave band noise (8-16 kHz) 
for 2 hours on a slowly rotating platform in a sound-attenuating cubicle. SENS-401 at doses of 5 
mg/kg, 10 mg/kg and 20 mg/kg or placebo treatment was initiated after the end of acoustic 
trauma exposure using oral gavage continued daily for 14 days. 
In animals suffering initial severe hearing loss (ABR threshold shifts > 55 dB or otoacoustic 
emissions detectable only at 2 or fewer test frequencies at t=24h), daily SENS-410 treatment 
dose-dependently reduced permanent ABR threshold shifts from baseline to D14 from 52.1-59.3 
dB in the placebo group down to 33.3-49.2 dB in the 2 highest dose SENS-401 treated groups. 
This corresponds to an improvement from “moderately severe” to “mild/moderate” hearing loss 
according to ASLHA criteria. ABR threshold recovery from 24h to D14 was also dose-
dependently improved from 7.1-12.9 dB in the placebo group to up to 20.8-29.2 dB in the 2 
highest dose SENS-401 treated groups. DPOAE amplitude recovery from 24h to D14 was 
similarly dose-dependently improved, with placebo treated animals particularly showing near 
complete and permanent loss of otoacoustic emissions at the most sensitive, higher tested 
frequencies (16/24/32 kHz), while SENS-401 treated animals showed partial recovery in the 2 
highest dose groups. 
These results demonstrate that daily, oral administration of the small molecule clinical candidate 
drug SENS-401 leads to significant local drug exposure and strongly enhances recovery in rats 
suffering from severe, acute noise-induced hearing loss. 
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Title: LMO4 downregulation is a critical factor in cisplatin-mediated ototoxicity 
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Abstract: Ototoxicity is a major side-effect of cisplatin, a highly effective anti-cancer drug. 
Several studies have indicated that oxidative stress plays a causal role in mediating cisplatin-
induced ototoxicity. We reported that cisplatin treatment leads to nitration and downregulation of 
a transcription regulator, Lim domain only 4 (LMO4), in the cochlea. To evaluate the critical role 
of LMO4 in cisplatin ototoxicity we genetically manipulated the expression levels of LMO4 in 
UBOC1 cells, which are immortalized auditory sensory epithelial cells derived from C57BL/6 
mice. Transient overexpression of LMO4 using the mammalian expression vector pRK5, 
significantly attenuated cisplatin-induced decrease in cell viability (p<0.0001), as indicated by 
the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. CRISPR/Cas9 
knock-out of LMO4 significantly worsened cisplatin-induced cytotoxicity (p<0.01), as indicated 
by the cell counts using trypan blue stain. Furthermore, auditory brainstem responses of CBA/J 
mice indicated that co-treatment with a peroxynitrite decomposition catalyst (SRI110), which 
attenuated cisplatin-induced decrease in LMO4 and apoptosis in UBOC1 cells, mitigated the 
cisplatin-induced shift in hearing thresholds (p<0.01, at 8 kHz). These data suggest that LMO4 
probably has a protective role in the organ of Corti at normal or higher levels. However, 
cisplatin-induced decrease in LMO4 protein levels compromises the anti-apoptotic cellular 
defenses thereby facilitating cochlear apoptosis. We conclude that cisplatin-induced nitration and 
downregulation of LMO4 plays a critical role in facilitating the ototoxic effects. This study was 
supported by WSU faculty start-up funds and NIEHS P30 Grant (P30 ES020957). 
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Title: FGF-dependent otic induction in inner ear organoid derivation from Pax2EGFP/+ mouse 
embryonic stem cells 

Authors: *S. A. SCHAEFER, R. K. DUNCAN;  
Univ. of Michigan, Ann Arbor, MI 

Abstract: Stem cells represent a potential source of cell types that are difficult to obtain for 
study in the lab. The sensory hair cells of the inner ear present a particular challenge: they are 
relatively scarce and concealed by the temporal bone. Therefore, a major goal of hearing 
research is the efficient production of hair cells for downstream applications such as replacement 
therapy, developmental studies, and drug discovery. Recently, a method for producing inner ear 
organoids from aggregates of mouse embryonic stem (ES) cells was established. This method 
recapitulates basic signaling events of otic development (Koehler et al., 2013). A key event is 
otic induction, when progenitors upregulate Pax2 in response to fibroblast growth factors (FGFs) 
and commit to otic fate. This event is mediated by the ERK pathway downstream of FGF 
receptors in chickens and zebrafish (Wang et al., 2015; Yang et al., 2013). However, this has not 
been shown in mammals, and FGFs are known to signal through additional pathways including 
AKT and PLCγ. Understanding the mechanism of otic induction would permit more efficient 
recapitulation of mammalian inner ear development. To study otic induction in a mammalian 
model, we adopted the inner ear organoid method. We used Pax2EGFP/+ mouse ES cells with 
EGFP inserted upstream of one Pax2 allele. This provided a report of Pax2 upregulation during 
FGF-driven otic induction. FGF2 was applied at 0, 5, 25, and 100 ng/mL, and ERK 
phosphorylation was assayed in some aggregates via Western blotting. Others were observed 
over several days as they developed internal EGFP+ otic vesicle-like structures, which pushed 
outward and expanded into large protrusions. EGFP+ cells became concentrated at the organoid 
regions (i.e., the protrusion-aggregate borders). Organoids were fixed with 4% PFA and stained 
by immunofluorescence to confirm presence of hair cell-like cells at day 20. Finally, the effect of 
Pax2 dose on organoid formation was examined using Pax2EGFP/EGFP mouse ES cells, which 
express a lower amount of Pax2. The degree of ERK phosphorylation correlated positively with 
FGF2 dose within 3 hours of application. In addition, the formation of organoids correlated 
positively with both FGF2 and Pax2 dose. Organoids contained Myo7a+ cells with F-actin+ 



stereocilia-like structures. These cells were able to rapidly uptake the styryl dye FM4-64, 
indicating functional mechanotransduction channels. These results suggest that FGF2 drives 
Pax2 expression and otic induction through the ERK pathway in a mammalian system. Inhibition 
of other FGF-driven pathways may promote otic induction, facilitating higher yields of hair cells. 
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Abstract: Sensorineural hearing loss (SNHL) stems primarily from by disorder of the cochlea of 
the inner ear, and this disease provides a social impact due to lack of effective medical therapies. 
In the cochlea, mechanical energy of sounds is converted to electrical signals by sensory hair 
cells and thereafter the information is transmitted to the brain through the auditory nervous 
system. The mechanoelectrical transduction is greatly enhanced by an endocochlear potential 
(EP) of +80 mV in a K+-rich extracellular fluid, endolymph. Hair cells expose their 



mechanoelectrical apparatus to the endolymph. The positive potential of the endolymph depends 
on membrane potentials of the stria vascularis, an epithelial-like tissue in the cochlear lateral 
wall. Disorders of the stria are suggested to be involved in various idiopathic SNHL such as 
sudden deafness and Ménière's disease. These diseases are characterized by sudden onset and/or 
short-term hearing fluctuation. Such phenotypes in human have not been reproduced in animals 
by pharmacological methods and conventional gene-targeting techniques. Here we have applied 
optogenetical approach to the stria vascularis. We analyzed the mice that express 
channelrhodopsin-2 (ChR2), a blue light-gated nonselective cation channel, under the control of 
proteolipid protein promoter. A blue-light illumination to the cochlea of ChR2-expressing mice 
resulted in moderate elevation of auditory brainstem response (ABR) thresholds throughout the 
audible frequency range by ~20 dB in 3 min. After cessation of the illumination, the hearing 
recovered to the initial level in 5 min. Immunolabeling assays revealed that ChR2 occurred in 
intermediate cells (ICs) of the stria as well as glial cells in the nervous system. Whole-cell patch-
clamp experiments showed that the illumination rapidly depolarized that membrane potential of 
IMs by approximately 20 mV. In in vivo electrophysiological recordings, the EP was reduced by 
roughly 20 mV in response to the optical stimulation. These two photoreactions were reversible 
and repetitive. Finally, electrical ABR measurements, which can assess function of the nervous 
system, ruled out the involvement of photoactivated glial ChR2 in the hearing loss. Taken 
together, because ICs’ membrane potential strongly correlates with the EP, the change of the 
former underlay the reduction of the latter and thereby the impairment of hearing. This mouse 
model can represent short-term hearing fluctuation with the sudden onset and may contribute to 
translational medicine of SNHL. 
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Abstract: Synaptic transmission from the auditory hair cell to afferent fiber is a fundamental 
step in hearing. Synaptic release and endocytosis have been shown to be highly temperature 
sensitive in many preparations, but there is no study in amphibian hair cell ribbon synapse. To 
investigate the effect of temperature on exocytosis from hair cell ribbon synapse, we performed 
whole-cell patch-clamp recordings of Ca2+ current and exocytic membrane capacitance changes 
in semi-intact preparations of bullfrog hair cell and also recorded excitatory postsynaptic current 
(EPSC) of afferent fibers at room (22-24°C) and high (32-34°C) temperature. Temperature was 
adjusted by flow-heating with a temperature controller. Temperature was measured by a 
miniature thermistor close to the amphibian papillae that was recorded. An increase of 
temperature within this range increased Ca2+ influx of hair cells during 200-ms depolarization 
from -90 mV to -30 mV (e.g., Ca2+ current amplitude at room temperature: 604.5 ± 42.7 pA vs. 
high temperature: 756.6 ± 56.6 pA, n = 11, p < 0.0001, paired t test; Ca2+ charge transfer at room 
temperature: 80.8 ± 6.8 pC vs. high temperature: 109.0 ± 10.0 pC, p = 0.0001, n = 11). 
Activation of Ca2+ current was also accelerated by high temperature (Ca2+ current latency to peak 
at room temperature: 1.54 ± 0.09 ms vs. high temperature: 1.08 ± 0.12 ms, p < 0.0001, n = 11). 
Synaptic release triggered by 200-ms depolarization from -90 mV to -30 mV was enhanced at 
high temperature (ΔCm at room temperature: 84.8 ± 13.1 pF vs. high temperature: 136.2 ± 21.4 
pF, p = 0.0004, n = 11). However, the increase of capacitance change triggered by depolarization 
was disproportionately to the increase in Ca2+ influx (ΔCm/QCa2+ at room temperature: 1.06 ± 
0.15 vs. high temperature: 1.25 ± 0.15, p = 0.0236, n = 11), indicating the release efficiency is 
increased at high temperature. We also recorded the EPSC of postsynaptic afferent fibers. We 
found that the amplitude and frequency of EPSC increased at high temperature. Furthermore, the 
high temperature also quickened the time to peak and fastened the decay of EPSC, which suggest 
that release is more synchronized at high temperature. Altogether, our results suggest that the 
increased synaptic release at high temperature is not only a result of increase of Ca2+ influx but 
could also involves other mechanisms, such as more readily releasable vesicles available at the 
active zone at high temperature, increased Ca2+ influx at high temperature induces more Ca2+ 
release from intracellular Ca2+ stores and enhances release efficiency. 
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Title: Berbamine derivatives protect against aminoglycoside induced hair cell damage in the 
zebrafish lateral line 
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Abstract: Our hearing depends on sensory hair cells that transduce mechanical stimulation into 
electrical stimuli, which are then perceived by the brain. When hair cells are damaged- from, 
aging, noise exposure and medications such as aminoglycoside antibiotics, hearing loss is often 
the result. Further, hearing loss affects approximately 360 million people globally. Although 
aminoglycosides are efficacious in treating bacterial infections in life threatening diseases such 
as cystic fibrosis and sepsis, they often result in the adverse side effect of hair cell damage. In 
fact, 20% of patients consuming these antibiotics develop some degree of hearing loss. To date, 
there are no FDA-approved drugs that prevent damage from aminoglycosides. Our goal is to 
develop a drug that prevents aminoglycoside-induced hearing loss, using a natural product as the 
chemical scaffold. Natural compounds represent a strong source of novel molecular scaffolds 
due to their enormous structural and chemical diversity, making them a rich fountainhead for 
drug leads. A previous study by our lab conducted a blind drug screen in the zebrafish lateral line 
and identified four natural compounds that share a modified quinolone scaffold and strongly 
protect hair cells by attenuating aminoglycoside uptake. The present study builds on this 
previous work, investigating analogs of our protective compounds to determine the core 
protective structure and the specific molecular targets. Analogs containing a phenyl functional 
group were found to robustly protect hair cells. Based on this data we now have promising lead 
compounds for further optimization to meet the therapeutic goal of developing a protective 
hearing loss drug candidate. 
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Title: Connexin 26 expression in superficial neuromasts of adult western mosquitofish gambusia 
affinis. 
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Abstract: This study provides the first report of gap-junction proteins expressed in 
mechanosensory receptors of fishes. Prior work suggests that fast copulatory movements of the 
male Mosquitofish, Gambusia affinis, are controlled by a motor circuit containing mixed 
(chemical and electrical) synapses rather than chemical synapses only. A gap-junction protein, 
connexin 35, has been identified in dye-coupled motor neurons in spinal segments innervating 
skeletal muscles that move the gonopodium (a modified anal fin as functional copulatory organ) 
of adult male Mosquitofish. In our recent work characterizing the sensory circuit activating these 
motor neurons, we found positive immunolabeling of connexin 26, a gap-junction protein, in 
superficial neuromasts from the base of the anal fin of adult male and female Mosquitofish. Data 
analyses of male and female neuromast surface area and number of spots containing connexin 26 
showed no significant differences. In addition, results showed that although the percent of 
relative frequency of spots was similar in males and females, females showed an increase in spot 
frequency in relation to the surface area. Finally, analysis showed a tendency of sexually 
dimorphic spatial distribution of connexin 26 within superficial neuromasts, with connexin 26 
being more localized among female neuromasts than male neuromasts. Future research is 
focused on determining the spatial localization and functionality of these connexin 26- 
containing gap junctions in fish neuromasts. 
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Title: The effect of glucose-6-phosphate dehydrogenase on cochlear and auditory function 
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Abstract: Currently, there are no treatments or preventions of sensorineural hearing loss due to 
the lack of knowledge regarding the molecular mechanisms of this disorder. A large body of 
evidence suggests that oxidative stress plays a key role in progressive sensorineural hearing loss. 
Glucose-6-phosphate dehydrogenase (G6PD) is the first rate-limiting enzyme in the pentose 
phosphate pathway that converts glucose-6-phosphate into 6-phosphogluconate and NADP+ into 
NADPH in the cytosol. Antioxidant enzymes such as glutathione reductase and thioredoxin 
reductase require NADPH in order to reduce oxidized glutathione to reduced glutathione and 
oxidized thioredoxin to reduced thioredoxin, that in turn protect cells from oxidative stress and 
cell death. Therefore, we hypothesize that G6pd plays an important role in protecting 
cochlear cells from oxidative stress and maintaining hearing by supplying NADPH to the 
cytosolic antioxidant defense under normal conditions. To investigate whether G6PD plays a 
key role in auditory function, we performed Auditory Brainstem Response (ABR) tests to 
measure hearing sensitivity in G6pd wild-type and G6pd deficient mice at 3-5 months of age. 
Our results showed no significant changes in ABR thresholds at 4, 8, 16, 32, 48 or 64 kHz 
between wild-type and G6pd deficient male or female mice at 3-5 months. To confirm these 
results, we counted the numbers of spiral ganglion neurons and hair cells in the cochlea from 
young wild-type and G6pd deficient males. There were no differences in the mean number of 
cochlear spiral ganglion neurons, inner hair cells or outer hair cells between wild-type and G6pd 
deficient mice. Taken together, these results suggest that G6pd deficiency does not affect 
cochlear histology or auditory function and that loss of G6pd is likely compensated by other 
NADPH-producing enzymes. We are currently investigating whether G6pd deficiency affects 
auditory function in middle-aged and old wild-type and G6pd deficient mice. Measurement of 
oxidative stress and antioxidant defense parameters are currently ongoing.  
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Abstract: Two primary features of sounds encoded by the auditory system are the sound’s 
identity and location. We investigated how these two features are represented in parallel in the 
auditory midbrain of the barn owl, Tyto alba. In the brainstem of the barn owl the primary sound 
localization cues, interaural time (ITD) and level difference (ILD) are computed along two 
parallel pathways. It has been previously shown in our lab that the ILD pathway is better suited 
to encode sound identity by examining the locking of spikes to the sound’s envelope across 
repeated trials of identical noise. We recorded neurons in the first midbrain structure that 
receives input from both of these pathways, the lateral shell of the inferior colliculus (ICls). We 
tested the ability of ICls neurons to lock to the envelop of repeated presentations of frozen noise 
by calculating the area under the curve of their shuffled autocorrelograms (SAC), which is a 
measurement of how reproducible is the spiking pattern for a given stimulus. We found that in 
ICls reproducibility is directly related to how far in space the sound is from the neuron’s 
preferred sound direction. This is true for both ITD and ILD; however ILD appears to have a 
stronger influence on this direction-dependent representation of the envelope. We hypothesized 
that the direction-dependent reproducibility in ICls has an effect on the representation of sound 
location and identity in downstream structures by affecting population responses. To test this 
hypothesis we performed tetrode recordings in the optic tectum (OT), which contains a map of 
auditory space. We found that pairs of neighboring neurons are more likely to fire synchronously 
at their preferred direction and this synchrony drops off as a function of distance, thereby adding 
a temporal element to the representation. Finally, we tested whether this direction-dependent 
synchrony could influence the decoding of sound location and identity using a computational 
model. We found that synchrony can affect decoding of ambiguous stimuli by selectively 



weighting neurons that respond to the dominant stimulus. In conclusion, we found a source of 
co-dependency between the encoding of sound identity and location through spike timing in the 
midbrain of the barn owl. This emphasizes how important spike timing can be, even in structures 
classically considered not to utilize a temporal code. 
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Title: Dysfunctional myelin affects neural processing, neurochemistry and behavior 
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Abstract: In the current study, we have generated mutant mice that lack Claudin 11 (Cldn11) in 
CNS myelin sheaths. In this compartment, Cldn11 forms tight junctions located along the outer 
and inner edges of the membrane spiral, preventing ions and small molecules from entering the 
intramyelinic space. The function of Cldn11 tight junctions is to improve the passive properties 
of the myelin membrane, by increasing membrane resistance and reducing capacitance, thereby 
boosting the speed of saltatory conduction. In the absence of Cldn11, myelin is dysfunctional and 
conduction velocity is slowed, most dramatically in small diameter myelinated fibers. 
Importantly, the absence of Cldn11 does not induce degenerative myelin pathology, enabling 
direct study of the impact of dysfunctional myelin on neuronal circuit properties such as neural 
processing. 
Undoubtedly, slowed conduction velocity along myelinated axons increases temporal dispersion 
and, consequently, degrades information transfer between neural circuits. Herein, we explore the 
impact of dysfunctional myelin on neural processing in the conserved integration circuit of the 
auditory brainstem. We find that dysfunctional myelin perturbs neural processing and may 



diminish the ability of mice to lateralize sound sources on the azimuth plane. Extrapolating this 
finding to higher order circuitry within the cortex, dysfunctional myelin may also disconnect 
distributed neural circuits across brain regions. Currently, we are functionally characterizing this 
type of behavioral deficit using auditory operant chambers. 
Further investigation into the neural circuitry of the auditory brainstem reveals increased steady 
state levels of the neurotransmitters, glutamate and glutamine, which may exacerbate neural 
processing deficits or may be an attempt by neurons in the brainstem to compensate for increased 
temporal dispersion. In either case, our data are significant in two ways. First, they represent the 
first demonstration that non-degenerative changes in myelin membrane passive properties can 
lead to neurochemistry changes that perturb behavior/perception. Second, they have important 
implications for the etiology of behavioral disorders in general, and more specifically for the 
behavioral components of hypomyelinating and demyelinating diseases like multiple sclerosis. 
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Title: sound localization performance to variations in spectral contrast. 
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Abstract: The acoustic spectral pinna cue-to-elevation mapping, is an ill-posed problem for the 
auditory system, as the spectral sensory input to the eardrum is always a convolution of the 
HRTF, H(f,E) (unknown) with the sound-source spectrum, X(f) (also unknown): S(f,E) = 
H(f,E)*X(f). The brain, therefore, should employ clever strategies to estimate source-elevation 
angle E. Our spectral correlation model may account for such a strategy with two prior 
assumptions: (1) HRTFs are unique, and (2) source spectra and HRTFs are uncorrelated: 
C[(X,H)]~0. Correlations between S(f,E) and all HRTFs are determined over a certain 
bandwidth, and elevation E is found at max[C(S,H)]. However, it is not well known which parts 



of the acoustic spectrum dominate the mapping: the entire spectrum, vs. particular spectral 
bands? As the most prominent spectral cues lie within the 5-10 kHz band, we tested whether 
perhaps only this part of the spectrum matters. We systematically manipulated spectral contrast 
of broadband sounds in the 6-9 kHz band with the remaining frequencies (0.2-6 kHz and 9-20 
kHz) over a 35 dB range (25 different spectra), and measured sound-localization performance of 
8 participants over a wide range of locations in the 2D frontal hemifield. Our results indicate a 
systematic influence of spectral contrast on gain and bias of the stimulus-response relationships, 
suggesting that the elevation percept relies on the spectral content across the entire audible 
frequency domain. 
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Abstract: Virtually all forms of autism involve some sort of auditory dysfunction, which points 
to the auditory system as one of the key systems involved in the physiology of autism. This 
autism related auditory dysfunction is most noticeable as impairments in communication skills, 
social difficulties and sound localization. Sound localization impairments include the ability to 
establish and separate between various competing sound sources, such as in a crowded noisy 
room. A recent theory posits that autism spectrum disorders may be caused by an imbalance in 
the ratio of excitation to inhibition, particularly in sensory systems. 
Since sound localization relies heavily upon the synaptic ratio of excitation and inhibition (E/I 
ratio) in the auditory brainstem, we hypothesized that these neural circuits, may be altered in a 
mouse model of autism, the Fragile X mouse (Fmr1-/-). 
We investigated differences in presynaptic and postsynaptic markers for the neurotransmitters 
glutamate, glycine and GABA in the nuclei of the mammalian sound localization pathway, 



specifically the medial nucleus of the trapezoid body (MNTB) and the lateral superior olive 
(LSO). Both of these centers receive substantial excitatory and inhibitory inputs. Additionally, 
MNTB is a major source of inhibition to the sound localization pathway and projects to LSO. 
Recently it has been shown that there are more presynaptic GABAergic synapses in the MNTB 
of Fragile X mice (Fmr1-/-) as indicated by vesicular GABA transporter (VGAT). This study, 
however, did not investigate the effect of glycine, which, in the MNTB, becomes the primary 
inhibitory neurotransmitter in adulthood. The main reason why glycine has not been studied in 
the context of Fragile X is that the current E/I model of Fragile X assumes mostly changes occur 
in GABAergic inhibition. Here we address the role of glycine in Fmr1-/- mice by anatomical 
studies examining changes in number and organization of glycinergic neurons and synapses in 
the MNTB. Our results suggest that the glycinergic E/I ratio in Fmr1-/- mice is altered, 
suggesting that not only GABAergic but also glycinergic inhibition may play an important role 
in Fragile X. 
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Title: Processing of binaural cues conveyed by temporal fine structure and envelope in human 
auditory cortex  
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Abstract: In our auditory system, the peripheral system firstly filters broadband signals into 
narrowband waves, and then decomposes narrowband waves into quickly-varying temporal fine 
structures (TFSs) and slowly-varying envelopes. Whether TFS and envelope play critical roles in 



music perception, sound localization, and speech recognition in complex environment has been 
under debated. Although previous neurophysiological studies discuss the temporal processing 
mechanisms in various levels of auditory system, how TFS and envelope are processing in 
auditory cortex is still unclear. With temporal fluctuations, both TFS and envelope could convey 
binaural cues, but the neural mechanisms of processing different binaural cues and their 
interactions in human auditory cortex is rarely discovered. In this study, using stereo-
electroencephalographic (sEEG) with both highly temporal and spatial resolutions, we obtained 
electrophysiological data directly from primary auditory cortex (PAC) and non-primary auditory 
cortices (non-PAC) in epilepsy patients when they were listening to narrowband noises with 
different interaural correlations (IAC: +1, -1) and interaural time differences (ITD: 
0,±0.2,±0.4,±0.6,±0.8 ms). The results showed that the TFS-sensitive responses (difference 
between IAC = +1 and IAC = -1) were shown in alpha-beta (8-13 Hz) band within PAC and non-
PAC areas, but were shown in high-gamma (60-120 Hz) band only within non-PAC areas. On 
the other hand, both the PAC and non-PAC were sensitive to the ITD cues conveyed by both 
temporal fine structures and envelopes. PAC, but not non-PAC, showed a preference of the ITD 
sensitivity conveyed by envelope, with a significant correlation with the ITD sensitivity 
conveyed by TFS. Furthermore, a more robust correlation between temporal fine structure and 
envelope were shown in non-PAC. In conclusion, the binaural cues conveyed by TFS and 
envelope were processed hierarchically and built up gradually in human auditory cortex. 
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Title: Differential tuning of the low- and high-frequency components of the neurophonic 
spectrum reveals the spike contribution of barn owl's nucleus laminaris neurons. 
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Abstract: In-vivo neural activity gives rise to trans-membrane currents that can be recorded as 
an extracellular field potential. These potentials are often challenging to interpret due to 
thousands of contributing sources. We aim at revealing the neural sources of the “neurophonic”. 
The neurophonic is a frequency-following extracellular potential that can be recorded in the 
network formed by the nucleus magnocellularis (NM) and the nucleus laminaris (NL) in the 
brainstem of the barn owl. NL anatomy is well understood, and putative generators of the 
neurophonic are the activity of afferent axons from NM, the synaptic activation onto NL 
neurons, and spikes of NL neurons. 
We recorded the neurophonic in response to binaural high-frequency tones (3-7 kHz) close to the 
recording site's best frequency, and we varied the interaural time difference (ITD). The mean 
activity of the monaural inputs to NL does not change with ITD. However, their relative phase 
does, causing cancellation or summation of input signals. The activity of the binaurally-sensitive 
output of NL, i.e., firing rate of NL neurons, strongly depends on ITD. Our recordings contained 
both of these signals, and we analyzed the broad-band power spectrum of the response (0.1-8 
kHz). 
The low-frequency component (LFc, 200-700 Hz) of the neurophonic spectrum depended on 
ITD. The spectrum of extracellularly recorded NL neurons' action potentials closely resembled 
this component. Thus, the LFc reflects the contribution of action potentials initiated in NL 
neurons. The spectral component at the stimulus frequency (SFc) was much stronger than the 
LFc. The SFc also depended on ITD, reflecting the activity of the inputs and their relative phase 
change with ITD. The power spectrum at other frequencies did not depend on ITD. 
We used the LFc as a proxy for NL neurons' local population activity, and the SFc as a proxy for 
NM axons' local population activity. We compared the ITD and frequency tunings of these 
proxies at each recording site. The best ITDs of the LFc and the SFc were independent. Also the 
tuning to stimulus frequency was different: LFcs showed typically a 400 Hz lower best 
frequency than SFcs. Both findings indicate that the LFc might originate from NL neurons' axons 
in the vicinity of the electrode. Related NL neurons can be located tens to hundreds of 
micrometers away. The findings are consistent with the known anatomy of NL. Our analysis thus 
reveals the small contribution of NL neurons to the neurophonic, improving our understanding of 
the extracellular field potential in the auditory brainstem. 
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Abstract: The human ability to localize sound is essential for monitoring the environment and 
helps us to analyze complex auditory scenes. Sound localization in the horizontal plane is mainly 
based on binaural acoustic cues: interaural time and level differences. Monaural (spectral) cues 
are crucial for sound localization in the vertical plane and when binaural cues are ambiguous. 
Although the acoustic cues mediating localization have been established behaviorally, it remains 
unknown how these cues are represented in human cortex. In particular, it is still a point of 
contention whether binaural and monaural cues are processed by the same or distinct cortical 
networks. 
In this study, participants listened to a sequence of spatial sound stimuli while we recorded their 
neural activity using electroencephalography (EEG). The stimuli were presented over a 
loudspeaker array, which allowed us to deliver realistic, free-field stimuli in both the horizontal 
and vertical planes. Using a multivariate classification approach, we showed that it is possible to 
decode sound source azimuth and elevation from scalp-recorded EEG. Notably, the spatio-
temporal pattern of EEG features that facilitated decoding differed based on the availability of 
binaural and monaural cues. In particular, we identified neural processing of binaural cues at 
around 120 ms post-stimulus and found that monaural cues are processed later at between 150 
and 200 ms. Furthermore, different spatial activation patterns emerged for binaural and monaural 
cue processing. These spatio-temporal dissimilarities suggest the involvement of separate 
cortical mechanisms in monaural and binaural acoustic cue processing. In addition, our results 
did not reveal any differences in decoding performance between hemispheres, contradictory to 
the often reported right hemispheric dominance in sound localization. 
The finding that we can decode sound source location using EEG has potential applications in 
the development of brain-computer interfaces, future hearing aids, and in measuring the fidelity 
of virtual acoustic environments. 
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Title: Spatial encoding of speech in human auditory cortex 
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Abstract: Sound localization is an important ability that allows an organism to monitor its 
surroundings. While the neural mechanisms of sound localization have been well characterized 
in nonhuman mammals, auditory spatial selectivity in human primary and non-primary brain 
areas has not been adequately characterized. Moreover, it remains unclear how the auditory 
cortex jointly encodes spatial cues with the spectrotemporal features of speech that carry 
linguistic and non-linguistic information. In this study, we used invasive neurophysiological 
recordings in humans while they listened to speech from five different directions to study the 
spatial selectivity in human auditory cortex. We found differential responses to spatial cues at the 
level of single electrodes in primary cortical areas, clearly revealing a spatially selective 
organization of responses. Moreover, a linear decoder was able to predict the direction of speech 
stimuli based on neural population data with accuracy as high as 80%. Furthermore, we 
characterized the joint encoding of spectrotemporal and spatial information. We found an 
orthogonal encoding of these cues, meaning that spectrotemporal feature selectivity was largely 
independent of the direction of the sound. Instead, we observed that the stimulus direction 
modulates the gain of the spectrotemporal tuning properties. These findings characterize the 
spatial encoding of speech sounds in the human auditory cortex, with implications for 
neurophysiological models of speech processing in the auditory pathway. 
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Title: In vivo intracellular recordings from neurons of the lateral superior olive show narrow 
time windows of effective inhibition and high sensitivity to interaural time differences of 
transient sounds 
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Abstract: The lateral superior olive (LSO) in the superior olivary complex contains binaural 
neurons that receive excitatory inputs from the ipsilateral ear relayed in the cochlear nucleus, and 
inhibitory inputs from the contralateral ear relayed in the medial nucleus of the trapezoid body. 
This interaction results in output sensitivity to interaural level differences (ILDs). This circuit 
also features large axosomatic synapses (such as the calyx of Held) and other specializations 
suggestive for timing, which are not easily reconciled with the proposed role of these neurons as 
ILD detectors. To study the computation performed by these neurons, we recorded from 29 cells 
in the LSO in the Mongolian gerbil using patch clamping in vivo. We presented monaural and 
binaural tones, at several ILDs, and monaural and binaural clicks, at several ILDs and interaural 
time differences (ITDs). We compared these responses to responses from medial superior olive 
(MSO) neurons. We labeled many of the LSO neurons with biocytin and studied the anatomy at 
the light and electron microscopic level. Our data represent the first retrieved neurons of the 
lateral superior olive that were recorded in vivo. Study of the soma location, somatodendritic 
anatomy and synaptic coverage allowed us to confirm the tonotopy of the lateral superior olive 
and classify the neurons as principal, type 5, marginal or multiplanar cells. The spontaneous 
intracellular activity showed EPSPs and IPSPs. All anatomical cell types received inhibition 
from the contralateral and excitation from the ipsilateral ear. We observed that, for simultaneous 
bilateral stimulation at the same sound level, contralaterally driven IPSPs often arrive earlier than 
ipsilateral EPSPs, even though they have to take a longer anatomical route through an extra 



synapse. The responses to binaural clicks at different ITDs showed that the time window of 
effective inhibition is generally narrow and restricted to the initial, descending slope of the IPSP 
waveform. Click-ITD functions of LSO neurons showed steep ITD-sensitivity, as opposed to 
MSO neurons. We propose that inhibitory-excitatory interactions in the LSO, combined with the 
temporal specializations in the circuit, enable steep sensitivity to ITDs of transient sounds, unlike 
excitatory-excitatory interactions in the MSO. 
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Abstract: Cochlear implants (CIs) can restore some degree of spatial hearing for individuals 
with single-sided deafness, SSD. However, there is a large amount variability in outcomes 
among those with SSD. One possible cause is spectral mismatch between the acoustic and 
electric ears. Standard frequency-to-electrode maps are programmed to provide the full speech 
bandwidth to a CI patient. This approach might be sub-optimal for a SSD-CI user, limiting the 
ability to fuse the very different auditory inputs from the two ears into a single fused sound. 
Fusion of signals across the ears is an integral step in enabling listeners to hear effectively in 
cocktail party environments. The goal of this study was to measure perceptual binaural fusion of 
speech stimuli. Vocoder simulations of SSD-CI listening were used to investigate the effect of 
spectral mismatch on subjective fusion in normal-hearing listeners. A virtual cocktail party was 
created by presenting combinations of one or more concurrent talkers to the left ear (normal 
unprocessed speech), to the right ear (vocoded speech) or to both ears (normal speech and 
vocoded speech). Each trial was 2 seconds long and the total number of concurrent talkers varied 
from one to six. The positions of individual electrodes along the cochlear array were simulated 
by adjusting the frequencies of the vocoder synthesis filters based on existing published data of 
average CI electrode insertion depth. In the “standard” condition, the analysis filters were set 
based on a standard clinical CI frequency allocation table. In the “place-matched” condition, the 
analysis filters were set to the same frequencies as the synthesis filters. After each trial, the 



listener was asked how many total voices were heard. If listeners were able to perceptually fuse 
the voices that were presented to both ears, they should be more likely to report the correct 
number of total talkers in the scene. Conversely, if the signals were not fused between the ears, 
then listeners should report more total talkers then were actually presented. The results showed 
that listeners reported more total talkers when the vocoded speech was processed with a standard 
map then with the place-matched map. These data suggest that place-matched CI mapping has 
the potential to provide SSD-CI listeners with more opportunity for binaural fusion and 
subsequent improvements in spatial hearing. This paradigm provides a way to measure binaural 
fusion in a fast, straightforward way using speech signals representative of everyday listening 
environments. This method could be applied to the SSD-CI population to compare mapping 
strategies and outcomes after implantation. 
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Abstract: Past research on the mammalian superior colliculus (SC) has elucidated its role in 
encoding 2D sensory space (azimuth and elevation) to guide species-specific orienting behaviors. 
In their natural environment, most animals, however, orient in 3D space, which requires sensory 
representation of not only the direction bat also the distance/depth of objects. Echolocating bats, 
for example, probe the environment with sonar signals and determine 3D object locations by 
processing acoustic information carried by echo returns. Here, we report on SC recordings from 
the free-flying echolocating big brown bat (Eptesicus fuscus) and present evidence 
demonstrating 3D spatial response areas in SC neurons. We used a 16 channel silicon probe to 
collect extracellular, single unit activity across laminae of the bat SC, using a telemetry system 
while the bat flew across an experimental room with objects positioned along its flight path. 
Synchronized high-speed audio and video recordings were used to quantify echolocation signals, 
head direction and flight trajectory data. From audio and 3D video position data, we built an 



‘echo model’ to determine the arrival time and 3D location of acoustic stimuli arriving at the 
bat’s ears. Combining the output of the echo model with synchronized neural recordings, we 
were able to reconstruct 3D spatial response profiles of SC neurons from free-flying 
echolocating bats. Importantly, multi-channel recordings across the dorsal-ventral axis of the SC 
allows us to investigate the relative timing of activity in sensory, sensorimotor and pre-motor 
layers. The results of this study reveal specializations for acoustic orienting by sonar and serve to 
advance a broader understanding of SC function in the context of species-specific orienting 
behaviors. 
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Title: Laminar specific, orientation selective current source density response in cat area 18 

Authors: M. Y. VILLENEUVE, P. KROPF, Z. YAO, V. M. MOCANU, *A. SHMUEL;  
McGill Univ., Montreal, QC, Canada 

Abstract: Orientation selectivity shown by neurons in the visual cortex is considered to be the 
result of thalamo-cortical input and intra-cortical processing. Although much effort has been 
devoted to understanding the emergence of orientation selectivity, the exact mechanisms are still 
incompletely understood. In particular, it is still unclear how orientation specific signals are 
selectively relayed across cortical layers. Lamina-resolved current-source density (CSD) is 
hypothesized to mainly reflect synaptic activity. It should therefore be well suited to further our 
understanding of the role of intra-cortical signal processing in the emergence of orientation 
selectivity. Surprisingly, previous studies reported that the spatiotemporal CSD pattern is 
virtually invariant to the orientation of grating stimuli. Here we revisit this paradox by 
comparing 1-D laminar CSD in cat visual area 18 in response to gratings varying in contrast and 
orientation. Contrary to previous reports, we found a clear orientation selective component in the 
CSD responses. In particular, the primary sink in layer IV was found to extend from layer IV to 
supra-granular layers (Figure 1A, bottom, dark rectangle) when the preferred orientation (157.5 



degrees), determined according to the rate of action potential response (Figure 1A, top), was 
presented. In contrast, no similar extension of the primary sink was observed in response to the 
non-optimal orientation (67.5 degrees; Figure 1A, bottom, red rectangle). We observed this 
orientation-dependent modification in the pattern of the CSD not only in response to high-
contrast oriented grating (Figure 1A), but also at lower contrast (Figure 1B). This suggests that 
the observed effect is not due to a difference in overall amplitude of the neural activation but 
rather reflects differences in cortical signal processing. Hence, we present evidence that feature 
selection in early cortical processing can be achieved by selective information transfer between 
cortical laminae. 
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Title: Spatial asymmetry and amplitude-dependent suppression: a novel mechanism for 
generating direction selectivity 

Authors: *Y.-T. LI1, Q. FANG2, L. I. ZHANG2, H. W. TAO2;  
1Caltech, Pasadena, CA; 2USC, Los Angeles, CA 

Abstract: Direction selectivity (DS) of neuronal responses is important for motion detection. 
Two models, spatially offset inhibition and temporally offset excitation, have been proposed for 
the generation of DS. While mouse primary visual cortex (V1) has become an important model, 
the mechanisms for DS there, in particular in the thalamo-recipient layer 4, remain obscure. In 
this study, we investigated this issue with in vivo whole-cell recordings and neuron modeling. 
For both membrane depolarization and excitatory synaptic responses, we found that the preferred 
direction and degree of direction tuning under moving-bar stimulation strongly correlated with 
the spatial skewness of input strengths evoked by stationary stimuli (flash bars) across the 
receptive field. Modeling revealed that this correlation cannot be accounted for by a simple 
linear summation of flash-bar evoked inputs. Sequential-bar stimulation revealed a forward 
suppression of the excitatory response to the second bar by the first bar, with the suppression 
level depending on the relative amplitude of the first-bar evoked response. By incorporating such 
amplitude-dependent suppression into our summation model, we could then successfully predict 
DS of the excitatory response under moving-bar stimulation. Our results suggest that DS in the 
mouse visual cortex can be generated via short-term plasticity on excitatory inputs whose 
strengths form an asymmetric spatial distribution. Such mechanism is distinct from those 
previously proposed in other species. 
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Title: Orientation discrimination depends on co-activation of on- and off-dominated visual 
channels 
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Abstract: Introduction. Visual responses to light increments and decrements are not 
symmetrical: both behavioural and neural data show that responses to darks are stronger and 
faster than to lights. Given the evidence that on- and off-centre subcortical inputs converge onto 
orientation-selective cortical neurons, we aimed to see whether the light/dark asymmetry 
influences orientation discrimination. Methods. We separated Gabor patches into light bars and 
dark bars, and presented the two components asynchronously. Bars were tilted 2° left or right of 
vertical but the tilt on any one trial was the same for light and dark bars. Adult human subjects 
indicated whether the tilt was leftward or rightward; response correctness and reaction time were 
both recorded. Results. The proportion of correct responses was measured as a function of 
stimulus contrast. Contrast sensitivity, calculated as the reciprocal of the contrast required to 
obtain 75% correct responses, was plotted against the asynchrony between light and dark bars. 
As shown in the figure, contrast sensitivity is optimal when light bars precede dark bars by 13 ms 
(one video frame), and the 95% confidence intervals show that this effect is significant. A 
similarly lop-sided tuning curve was found for reaction time. Conclusion. Given that on-
pathways have a longer response latency than do off-pathways, this result suggests that 
orientation discrimination is optimal when on- and off-signals reach cortex at about the same 
time. 
1 
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Title: Quantitative analysis of excitatory-inhibitory dynamics in the thalamocortical network of 
awake mice 

Authors: *I.-C. LIN, M. OKUN, M. CARANDINI, K. D. HARRIS;  
Univ. Col. London, London, United Kingdom 

Abstract: While each region of cortex contains many cells, the bulk structure of local cortical 
activity can be summarized by a small number of “macroscopic variables”, such as the summed 
activity of excitatory (E) and inhibitory (I) neuronal populations. It has been hypothesized that 
these macroscopic variables obey quantitative laws (e.g., the Wilson-Cowan equations), similarly 
to how statistical mechanics governs the macroscopic variables of physical systems. 
To measure, manipulate, and model E-I dynamics, we combined large-scale electrophysiological 
recordings with independent optical stimulation of pyramidal (E) and parvalbumin-expressing 



(Pvalb; I) neurons in primary visual cortex (V1) of quietly awake mice. The mice harbored a 
Thy18 allele (expressing ChR2 in a subpopulation of E neurons) and Pvalb-Cre allele, and 
expressed the red-shifted opsin C1V1(E122T/E162T) in Pvalb neurons via a conditional virus. E 
and I neurons were activated by brief blue (445 nm) and green (561 nm) laser pulses. Network 
activity at each moment was summarized by two variables: the total firing rates of all recorded 
wide-spiking (putative E) and narrow-spiking (putative I) cells. 
A single blue pulse briefly activated the E population then the I population, followed by 
prolonged suppression of both populations, then a rebound in activity. Similarly, a green pulse 
increased the activity of the I (but not E) population, followed by shorter, less noticeable 
suppression of both populations. When pairs of pulses were presented to successively activate 
the two populations, the timing of the rebound after prolonged suppression was time-locked to 
the activation of E cells, rather than I cells. 
To investigate potential mechanisms underlying this prolonged suppression, we recorded neural 
activity in the lateral geniculate nucleus (LGN) while activating cortical E/I populations. A blue 
pulse caused prolonged suppression in LGN, while a green pulse had little effect. These results 
suggest that the suppression generated by E activation involves a substantial thalamic 
contribution, while the suppression generated by I activation is due to the cortical network only. 
Moreover, as the suppression evoked by I activation exceeds that expected from synaptic 
GABAA activation alone, additional “slow” GABA components might be involved. 
Finally, we asked whether these dynamics could be summarized by a set of equations. The 
Wilson-Cowan equations were insufficient, owing to their inability to predict prolonged 
suppression. We are currently developing a dynamical system model that includes variables 
representing slow GABA inhibition and LGN activity to summarise the observed population 
dynamics. 
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Title: The affiliation of individual cortical neurons with global cortical networks 



Authors: *K. CLANCY, I. ORSOLIC, T. MRSIC-FLOGEL;  
Biozentrum, Univ. of Basel, Basel, Switzerland 

Abstract: The neocortex is richly interconnected, and different cortical areas exhibit shifting 
affiliations with one another depending on behavioral state or context. This coupling is subserved 
in part by the excitatory long-range projections between cortical areas. Neighboring neurons may 
send projections to and receive input from local and distant areas. In addition to their 
heterogeneous connectivity, cortical neurons fall along a spectrum of engagement with shared 
local activity—while some are preferentially co-active with their neighbors, others are not 
functionally coupled to the local network. This response heterogeneity might reflect the variety 
of global influences on individual cells. We therefore undertook to map the relationship between 
the activity of individual neurons and the activity in distant areas, and sought to relate these 
functional maps to the strength of a cell's coupling to shared local activity. 
In order to probe the affiliation of individual cells with distant networks, we recorded 
extracellularly from single units in visual cortex while simultaneously imaging cortex-wide 
activity in transgenic mice expressing the calcium indicator GCamp6s in CaMKII+ neurons. We 
made maps of the strength of correlation between individual units and various cortical areas. 
While many neurons shared similar cortex-wide correlation maps, a small proportion had unique 
affiliations, and these were often the cells most negatively coupled to local activity. Given that 
activity in primary sensory cortices not only reflects the occurrence of a sensory stimulus, but 
information about the animal's behavioral state and stimulus context, this method might be used 
to relate dynamic long range influences on the spiking of individual cortical neurons during 
different behaviors. 
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Title: VIP interneurons mediate cortical phenotypes in a genetic model of schizophrenia 

Authors: *M. VINCK, R. BATISTA-BRITO, K. FERGUSON, J. A. CARDIN;  
Yale Univ., New Haven, CT 

Abstract: Schizophrenia is associated with altered cognitive and perceptual processing, as well 
as dysregulation of normal brain rhythms such as gamma oscillations (30-80Hz). Current 
evidence suggests that dysregulation of GABAergic interneurons contributes to neural and 
behavioral deficits in this disease. However, the roles of diverse interneuron populations in 
psychiatric disease remain poorly explored. Neuregulin 1 (NRG1) and its interneuron-specific 
receptor ERBB4 are risk genes for schizophrenia. Using a conditional ErbB4 deletion model, we 
used awake behaving animals to test the role of distinct interneuron populations in disease-
related deficits. In contrast to the prevailing view, which supports a role for parvalbumin (PV)-
expressing interneurons in the pathophysiology of schizophrenia, we find that deletion of ErbB4 
specifically from vasoactive intestinal peptide (VIP)-expressing interneurons mediates many 
observed phenotypes. ErbB4 removal from VIP interneurons during development leads to 
changes in their activity, along with elevated cortical firing rates and severe dysregulation of the 
fine temporal organization of excitatory and inhibitory activity patterns. ErbB4 deletion from 
VIP interneurons abolishes the normal behavioral state-dependence of excitatory cortical 
activity. As a result of these alterations, animals in which VIP interneurons lack ErbB4 exhibit 
reduced visual cortical responses and impaired learning on a visual task. Our data support novel 
roles for VIP interneurons in cortical circuit development and the pathophysiology of 
schizophrenia, and provide a new perspective on the disruption of cortical circuit function in this 
complex disease. 
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Title: Inhibition and synaptic integration in simple cell receptive fields in cat V1 

Authors: *M. M. TAYLOR, L. A. PALMER, D. CONTRERAS;  
Neurosci., Univ. of Pennsylvania Perelman Sch. of Med., Philadelphia, PA 

Abstract: Simple cells in primary visual cortex (V1) are sensitive to the orientation of visual 
stimuli. This property arises because their receptive fields (RFs) consist of side by side elongated 
subregions of opposite contrast preference. A bright bar presented in a bright subregion (sign-
matched) drives the cells output while presented in a dark subregion (sign-mismatched) 
suppresses output. We found that sign-matched stimuli evoke not only an excitatory synaptic 
conductance but also an inhibitory conductance. We termed this “sign-matched inhibition” to 
distinguish it from the expected and established inhibition triggered by a sign-mismatched 
stimulus (that we call “sign-mismatched inhibition”). We find that sign-matched inhibition is 
comparable in magnitude to sign-mismatched inhibition. Therefore, inhibition is widespread in 
space across the RF. 
Do both types of inhibition serve the same function? We test the role of sign-mismatched 
inhibition by pairing a sign-matched stimulus with sign-mismatched stimulus while recording 
intracellularly from simple cells in vivo. We examine the time-dependent properties of 
combinations of sign-matched and sign-mismatched inhibition. For three delays between the two 
bar onsets (-8, 0, and 8 ms), we examine the peak amplitude of the evoked PSP and the dV/dt of 
the PSP onset. Inhibition from a sign-mismatched stimulus reduces the amplitude and dV/dt of 
the excitatory response to a sign-matched stimulus, when the sign-mismatched bar is presented 
before or concurrently with the sign-matched bar. This suggests that the onset timing of sign-
matched and sign-mismatched inhibition is not the same, which in turn suggests two functionally 
distinct cellular sources of inhibition. Surprisingly, we also find in a subset (~30%) of simple 
cells, presentation of a sign-mismatched bar had no effect on the PSP evoked by the sign-
matched bar, indicating that a sign-mismatched stimulus does not always evoke an inhibitory 
response. 
Our results suggest that while inhibition concurrent with an excitatory response limits its time 
course, inhibition triggered from an inhibitory response (sign-mismatched) contributes to the 
spatial integration of inputs within the RF of simple cells. 
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Title: Dopamine elicits lamina- and frequency-specific increase of information in the local-field-
potentials of the macaque V1 
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Abstract: Purpose: Local field potentials (LFPs) reflect the aggregate activity of neural 
populations generated by different neural mechanisms and expressed in different frequency 
domains. Each frequency range reflects, at least in part, different aspects of neural activity and 
capture the activity expressed by different processing pathways1. In particular, previous studies 
showed the activity reflected in the low (< 20 Hz) and high-frequencies (> 50 Hz) dissociate 
from the activity of the middle-frequency band (18 – 38 Hz). It has been proposed, based on 
statistical considerations, that this middle frequency band reflects the influence of 
neuromodulation pathways1. However, it is not know whether and how this middle-frequency 
band reflects neuromodulation and whether it relates to stimulus encoding. 
Methods: We recorded LFPs in four anesthetized non-human primates (macaca mulatta), during 
spontaneous activity and presentation of movie clips, using 16-contact laminar probes 
(NeuroNexus) on a single shank of 3 mm long (50 µm thick) and with electrode-sites spaced 150 
µm apart spanning the entire cortical depth of V1. We pharmacologically mimicked 
dopaminergic (DAergic) neuromodulation, by systemically applying L-DOPA+Carbidopa. L-
DOPA is metabolic precursor of dopamine (DA) and once it crosses the blood-brain-barrier, is 
immediately metabolized into DA2. 
Results and Conclusions: DAergic neuromodulation elicited frequency- and stimulus dependent 
power changes in the recorded LFPs. During spontaneous activity, we observed a remarkable 
increase specific to the middle-frequency (18 – 38 Hz) band power accompanied by a decrease 
of gamma (50 – 150 Hz) power. In contrast, during visual stimulation with movie clips DA 
increased both the power of gamma and of the middle frequency band. Moreover, DA increased 
the information in LFP power, particularly superficial and deep layers and in the gamma (50 – 
100 Hz) frequency band. Overall, our results show that the middle-frequency band captures 
endogenous non-stimulus driven oscillations that are modulated by dopamine, and that dopamine 
regulates gamma-range information coding in visual cortex. 
References 
1. Belitski, A., et al. Low-frequency local field potentials and spikes in primary visual cortex 
convey independent visual information. J Neurosci 28, 5696-5709 (2008). 
2. Zaldivar, D., Rauch, A., Whittingstall, K., Logothetis, N.K. & Goense, J. Dopamine-induced 
dissociation of BOLD and neural activity in macaque visual cortex. Curr Biol 24, 2805-2811 
(2014). 
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Title: Faster responses under low contrast stimulation in rat primary visual cortex 
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Abstract: Orientation selectivity, the hallmark property of neurons in mammalian primary visual 
cortex (V1), is invariant to stimulus luminance and contrast, which are two basic properties of 
visual stimuli in the natural world. Under low light or contrast levels (e.g., in fog), driving and 
games involving hand-eye co-ordination become more difficult. We wondered how the time-
course of neuronal orientation processing was affected by luminance and contrast, and whether it 
could account for the observed perceptual effects. Here, we characterised the dynamics of 
orientation selectivity in V1 neurons (N=286) of halothane-anaesthetized rats, using a reverse 
correlation method. Stimuli comprised a sequence of sinusoidal gratings (each visible for 33 ms) 
with continually changing orientation, phase, and spatial frequency. We varied luminance and 
contrast in four different stimulus blocks: 1) high contrast; 2) low contrast; 3) high luminance; 4) 
low luminance. Averaged across all conditions, orientation selectivity was evident from 60±23 
ms, with peak selectivity at 80±20 ms post stimulus onset. Consistent with previous reports using 
forward correlation, orientation selectivity did not vary with luminance contrast, and we now 
show that the mutual information between neuronal activity and stimulus orientation is the same 
under all conditions. Although neurons responded earlier with higher luminance stimuli, the 
response latency to high-contrast gratings was surprisingly longer than to low-contrast stimuli. 
Based on our computer simulations, we suggest that the longer latencies in high-contrast 
conditions are due to membrane hyperpolarization after prolonged exposure to high-contrast 
stimuli. The hyperpolarization at high-contrast may increase signal-to-noise ratios while a more 
depolarized membrane under low-contrast may lead to greater sensitivity to weak stimuli. 
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Title: The neuronal and perceptual effects of visual masking 
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Abstract: The perception and neural representation of a stimulus are influenced by other stimuli 
that occur nearby in space or time. The phenomenon of visual masking describes the reduction in 
the perception of a target stimulus by a preceding (forward masking) or succeeding (backward 
masking) stimulus. In this way, masking illustrates a disconnect between the physical stimulus, 
its neuronal representation, and its percept. To understand the neural correlates of masking, we 
examined how visual masks affect orientation discrimination in awake rodents, and separately 
examined neuronal responses to similar stimuli in the primary visual cortex (V1). Long-Evans 
rats (n=6) were trained to discriminate the orientation of a Gabor patch presented for 42 ms. 
These target stimuli were presented at stimulus onset asynchronies (SOA) of –250 to 250 ms 
relative to an uninformative mask. In a separate cohort of halothane-anaesthetised animals 
(n=28) neuronal responses to target and mask stimuli were recorded from all layers of V1 using a 
32-channel linear array. Early and late components of the neuronal response were analyzed 
separately. Behaviourally, for both forward and backward masking conditions, discrimination 
performance was impaired when the target and mask occurred close in time (i.e. short SOAs). 
Similarly, across all cortical layers, neuronal firing rate and orientation selectivity decreased 
monotonically with shorter SOAs. However, within early and late response components the 
reductions in orientation selectivity were not reliably predicted by changes in firing rate. 
Collectively, our data suggests that changes in V1 activity are responsible for the impairment in 
perceptual discrimination during masking. Based on the weak, non-selective responses to our 
mask stimuli, we suggest that both forward and backward visual masking may develop 
throughout the visual processing hierarchy through cumulative normalization computations. 
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Title: Correlations of interneuron populations with Pyramidal cells in mouse primary visual 
cortex 

Authors: *M. DIPOPPA, M. CARANDINI, K. D. HARRIS;  
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Abstract: Different classes of GABAergic interneuron are thought to play different roles in 
cortical function. Interneurons expressing Parvalbumin (Pvalb) are thought to provide inhibition 
that is proportional to local excitation (Xue et al., Nature 2014). Interneurons expressing 
somatostatin (Sst) are thought to integrate excitatory activity over larger regions and inhibit 
Pyramidal (Pyr) neurons, playing a role in computations such as surround suppression (Adesnik 
et al., Nature 2012). Interneurons expressing vasoactive intestinal peptide (Vip) are thought to 
disinhibit Pyr cells via their strong inhibition of Sst cells (Fu et al., Cell 2014). 
To test these proposal, we used 2-photon imaging to measure the activity of these interneuron 
types together with Pyr cells, in layers 2/3 of V1 of head-fixed mice that were free to run while 
viewing drifting gratings of various sizes. We identified interneuron types in transgenic mice 
expressing tdTomato in Sst, Vip, or Pvalb neurons, and measured Ca2+-related fluorescence with 
unconditional viral expression of GCaMP6m. We identified putative Pyr by the sparseness of 
their neural activity. 
The three interneuron types showed different relationships to Pyr activity. The Pvalb population 
had strong positive spontaneous correlations with the Pyr population, in running or stationarity. 
Vip cells showed similar behavior to Pvalb cells, but their correlations with Pyr cells were less 
prominent in stationarity, when their firing was overall weaker. The Sst population had negative 
correlations with Pyr cells during running, but these were also substantially weakened in 



stationarity. Noise correlations showed similar structure to spontaneous correlations. 
Signal correlations revealed a more complex picture. For small stimuli (between 5 and 30 deg), 
signal correlations showed a similar organization to spontaneous and noise correlations. For 
larger stimuli, however, signal correlations were less reliable between experiments, with Sst cells 
often showing positive correlations with Pyr activity. 
These results indicate that the nature and even the sign of interneuron-Pyr correlations strongly 
depend on sensory and behavioral context. The predictions of the disynaptic inhibitory circuit 
involving Vip and Sst cells appear to be correct only for some of these sensory and behavioral 
contexts. 
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Title: Estimating simple and complex cell properties using a convolutional model with 
parameterized rectifiers 
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Abstract: Neurons in the early visual cortex have often been classified into two types based on 
their receptive field (RF) properties. Simple cells have RFs with segregated excitatory and 
inhibitory zones, and phase-dependent responses (F1/F0 ratio > 1) to sinewave gratings. 
Complex cells' RFs have mixed excitatory and inhibitory responses, with F1/F0 < 1. The 
behaviour of simple cells can be understood in terms of linear-nonlinear (LN) models, and 
readily estimated with simple system identification methods such as spike-triggered averaging. 
Due to the phase invariance, complex cells are much harder to estimate, requiring heavily 
parameterized models. 
Here we present a new 2-layer convolutional neural network model, with a parameterised 
rectifier between layers, which allows us to capture the responses of both simple and complex 
cells with only a single additional parameter, "alpha". The optimization of model parameters is 



achieved through a backpropagation algorithm using gradient descent. 
We recorded the extracellular single-unit responses of neurons in Areas 17 and 18 of 
anesthetised, paralyzed cats using 32-channel multielectrodes. Natural image stimuli were used 
to estimate and predict the neurons' responses, while sinewave gratings were used to estimate 
F1/F0 ratios. We collected neuronal responses to separate sets of stimuli. One dataset was used 
for model estimation, and a separate holdback dataset was used solely to score the performance 
of the estimated model. Model performance was measured as the “variance accounted for” 
(VAF) in the model's prediction of the holdback dataset. 
The convolutional network method yields higher VAFs than previous methods of receptive field 
estimation, such as spike-triggered average and spike-triggered covariance, for both simple and 
complex cells. Furthermore we show that the alpha parameter is predictive of a neuron’s F1/F0 
ratio. Also we show how the parameterised rectifier unit may be used to estimate the degree of 
push-pull imbalance between excitatory and inhibitory inputs. 
This work suggests that convolutional neural networks may be a fruitful approach to 
characterizing receptive fields of early visual cortex cells. 
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Abstract: Visual perception and behavior are mediated by a network of cortical areas that have 
been distinguished using architectonic and retinotopic criteria. We employed fluorescence 
imaging and GCaMP6 reporter mice to generate retinotopic maps of visual areas in the mouse. 
Changes in GCaMP6 fluorescence were >2 orders of magnitude larger and 5 times faster than 
intrinsic optical signals, the standard imaging technique for mapping visual areas. The resulting 
high signal-to-noise map includes new retinotopically-organized regions medial and anterior to 



known visual areas. To compare the borders of cortical areas identified using different 
techniques, we registered functional and projection-based retinotopic maps to borders identified 
with chemo- and cytoarchitectonic markers. This comparison revealed that retinotopic 
organization extends into barrel cortex and retrosplenial cortex and that the locations of borders 
between visual areas identified with different techniques differed by several hundred 
micrometers, which is on the order of size of some of the smaller visual areas. We also assessed 
the representation of visual space within each visual area, showing that four higher visual areas 
bordering V1 (LM, P, PM and RL) display complementary representations, with overlap 
primarily at the central hemifield. Our results extend our understanding of the organization of 
mouse visual cortex to include up to 16 retinotopically distinct maps. To identify the sources of 
wide field signal, further experiment will align wide field retinotopic maps with receptive field 
locations of cellular structures recorded by 2-photon imaging. 
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Abstract: The degree to which the mouse cortex is necessary for performing highly-trained and 
repetitive laboratory behaviors remains controversial. Cortical lesions have been shown to result 
in little or no decrement in behavioral performance in a variety of sensory modalities. However, 
recent work using temporally-focused optogenetic lesions have renewed interest in defining 
exactly how cortical circuits participate in trained behaviors. Here, we systematically inactivate 
regions of cortex in VGAT-ChR2 mice during performance of a visual detection task. Our 
procedure allows for arbitrary targeting of cortical regions using guidance relative to retinotopic 
maps, intrinsic stimulus maps, and stereotaxic coordinates. Using targeted inactivation in a 
variety of cortical locations, we map the involvement of these regions in visual detection, lick-



based behavioral report, locomotion, and in the modulation of arousal as measured by pupillary 
diameter. 
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Abstract: Sensory guided behaviors involve a dynamic interplay of many distributed cortical 
areas to process an external stimulus and choose an appropriate motor response. Here, we 
characterize mesoscale cortical activity in mice engaged in a visually guided detection task. We 
use wide-field imaging of transgenic mice expressing the calcium indicator GCaMP6 in 
genetically defined cell populations. Our imaging preparation permits the simultaneous 
measurement of population activity from multiple visual areas through a cranial window or 
multiple brain regions across the entire dorsal surface of the cortex through the intact skull. In 
the behavioral task, head-fixed mice are trained to respond to briefly flashed visual stimuli with 
contrasts spanning the detection range. Using traditional signal detection theory metrics, we 
describe the coding of stimulus information in V1 and higher visual areas. We extend this 
analysis across the dorsal surface of the cortex to map a distributed network of cortical regions 
that predict the animal’s behavioral choice at the contrast detection threshold. These experiments 
help to further elucidate the cortical network involved in a sensory task, while also provide a 
map for targeting future spatially and temporally restricted optogenetic perturbation experiments. 
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Title: Functional magnetic resonance imaging (fMRI) - guided single unit recordings reveal first 
order disparity selectivity in area PIP of the macaque brain. 
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Abstract: Binocular disparity provides a strong, unambiguous cue for depth perception in 
primates. Several cortical areas in both the dorsal and the ventral visual pathways are involved in 
the processing of depth from binocular disparity. Previous functional magnetic resonance 
imaging (fMRI) studies in monkeys (Van Dromme et .al, PloS Biol, 2016) revealed stronger 
activations in the medial bank of the caudal intraparietal sulcus (IPS, area PIP) in response to 
higher-order (curved and slanted) disparity stimuli compared to zero-order (flat) stimuli. The 
current study was carried out to investigate the higher-order disparity selectivity in area PIP at 
the single-cell level. The search test consisted of 32 second-order stimuli in addition to 8 first-
order stimuli (2 vertical and 2 horizontal linear disparity gradients, square shape, 4 of which 
were 8.4° and the other 4 were 18.75° in diameter). We tested for both second- and first-order 
disparity selectivity (including monocular controls) and selective cells were additionally tested 
with preferred and non-preferred stimuli at 5 different positions in depth (mean disparity from -
0.5 to 0.5). In total, we recorded from 207 PIP neurons showing significant visual responses to 
the stimuli of the search test presented at the fixation point in 3 monkeys. A large fraction of all 
visually-responsive neurons (87 neurons, 42%) exhibited significant selectivity for first- or 
second-order stimuli which could not be explained by the monocular responses. More than half 
of these selective neurons (43/79, 54%) preserved their selectivity across positions in depth when 
tested with first-order (slanted planar) stimuli. However, contrary to the predictions of the 
previous fMRI studies, none of the PIP neurons tested (N=56) maintained its selectivity across 
different positions in depth for second-order (curved) stimuli. The average response to the 
preferred second-order stimuli at three positions in depth (mean disparity -0.25 to +.25) was 
significantly larger than the response to zero-order stimuli at the same positions in depth, which 
could explain the fMRI activations. In general, PIP neurons preserved their 3D selectivity across 
different stimulus sizes (ranging from 3.1° to 18.8°). Disparity-selective PIP neurons usually had 
large receptive fields in the contralateral hemifield, frequently including the fovea. Thus, the 



fMRI activation elicited by curved surfaces in area PIP is primarily based on a neural selectivity 
for first-order stimuli. 
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during visual processing 
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Abstract: The spiking activity of a cortical neuron is coordinated with that of its neighbors. This 
“population coupling” has significant implications for sensory coding, and is thought to represent 
the effects of both anatomical and emergent network properties on cortical function. Here, we 
investigate two questions vital to a better understanding of cortical sensory processing. (1) How 
strongly-coupled are the synaptic inputs (g) to a neuron with the local population activity (LFP), 
and how does this change with sensory stimulation? (2) To what degree are the dynamics of g-
LFP coupling determined by the network, and what are the relevant network parameters? 
To address the first question, we simultaneously recorded the membrane potential (V) and the 
nearby LFP in the visual cortex of the turtle eye-attached wholebrain ex vivo preparation, during 
ongoing and visually-evoked activity. We then applied a recently-developed algorithm to infer g 
from V, and calculated the g-LFP coupling. We found that during ongoing activity, g-LFP 
coupling differed from neuron to neuron. Moreover, coupling during (the highly-variable) 
evoked activity was not static, but transiently increased following stimulation, before relaxing to 
intermediate values. Comparison with a parallel study suggests coupling falls off very gradually 
with cortical distance. That is, global fluctuations strongly influence the sensory-evoked inputs to 
individual neurons. 
To address the second question, we implemented a small-world network of leaky integrate-and-
fire neurons, subject to Poisson external inputs and synaptic depression with recovery. This 



model reproduces two experimentally-observed aspects of evoked activity: large across-trial 
response variability, and the g-LFP coupling dynamic. Importantly, it does so despite the fact 
that external inputs are uncorrelated across pairs of neurons. Instead, these response properties 
are largely determined by the network state, which is highly sensitive to such network 
parameters as spatial clustering, synaptic time constants, and adaptation. We are currently 
investigating the ability of the model to reproduce other experimental results. 
Together, our results provide a clearer picture of the subthreshold coordination dynamics 
corresponding to suprathreshold population coupling in cortex. Moreover, they implicate specific 
network properties that shape cortical coordination during sensory processing. 
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Title: Evaluating network criticality with membrane potentials 
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Abstract: Membrane potentials (Vm) are a well-established observable in neural systems that 
are also used for carrying information by the brain itself. Recordings from intact functional 
networks are becoming increasingly accessible with recent advances in experimental automation 
and in-vivo techniques. Subthreshold Vm fluctuations are primarily driven by synaptic inputs via 
the dendritic arbor of a neuron. This constitutes a subsampling of the spiking activity of the 
network to which that neuron belongs, with the caveat that such post-synaptic-potentials are non-
linear transformations. Therefore, it makes sense to test the extent to which Vm fluctuations can 
contain information about network variables. We addressed this with a combined experimental 
and modeling approach. We recorded ongoing activity from pyramidal neurons in turtle visual 
cortex, and found that distributions of subthreshold fluctuations displayed size and duration 
power laws with a scaling relation consistent with the critical point of a second-order phase 
transition. Our modeling results suggest that we can expect analysis of neural inputs to be 



consistent with results that are normally attained via multi-electrode array recordings or calcium-
fluorescent imaging. Values from input fluctuations were found to be systematically offset from 
network values and also to co-vary with changes in connectivity and inhibition that affect 
network state. This has never previously been demonstrated using single-unit recordings of any 
kind. Thus this work is important for two reasons. First it expands the tools available to 
researchers looking for behavior or other properties concomitant with a near-critical state 
(presumably emergent properties suggestive of self-organized criticality). Finally, it also 
supports and extends the use of subthreshold membrane potential fluctuations as a carrier for 
some kinds of network state information. 
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Title: Spatial spread of local field potential is band-pass in the primary visual cortex 
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Abstract: In recent years, local field potential (LFP), which is obtained by low-pass filtering the 
raw signal from a microelectrode inserted in the brain, has emerged as a promising candidate in 
understanding brain functions and in brain-machine interface (BMI) applications. However, there 
is no consensus about the cortical area which contributes to the LFP, known as its “spatial 
spread”, with different studies reporting values between a few hundred micrometers1 to several 
millimeters2. Further, dependency of spatial spread on frequency is also not well known, with 
previous modelling and theoretical studies predicting either “all-pass” (all frequencies spread 
equally) or “low-pass” (lower frequencies spread farther than higher frequencies) behavior. 
We recorded brain signals from the primary visual cortex of two awake male rhesus monkeys 
using a 10x10 microarray. A small Gabor stimulus was flashed at different locations on the 
screen in a random order to estimate the visual spread for each recording site. The spatial spread 



(measured in micrometers) was computed from the visual spread by using a model proposed by 
Xing and colleagues (2009)1. To estimate the spatial spread as a function of frequency, we first 
obtained the time-frequency spectrum of the signal using a signal processing technique called 
“Matching Pursuit”, and subsequently estimated the visual spread at each frequency. 
Surprisingly, we found the LFP spread to be “band-pass”, with frequencies in the high-gamma 
(60-150 Hz) range spreading significantly more than both lower (20-40 Hz) and higher (>250 
Hz) frequencies. This was mirrored by an increase in phase coherence across neighboring sites in 
same frequency range, providing experimental evidence to a recent model3 that reconciles 
different studies by showing that spatial spread depends on the extent of neuronal correlations. 
Our results are useful in understanding cortical architecture and communication, as well as in 
BMI applications. 
References 1. Xing, D., Yeh, C.-I. & Shapley, R. M. Spatial Spread of the Local Field Potential 
and its Laminar Variation in Visual Cortex. J. Neurosci. 29, 11540-11549 (2009). 
2. Kajikawa, Y. & Schroeder, C. E. How Local Is the Local Field Potential? Neuron 72, 847-858 
(2011). 
3. Lindén, H. et al. Modeling the Spatial Reach of the LFP. Neuron 72, 859-872 (2011). 
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Title: Critical network dynamics determines the variability of neural activity 
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Abstract: A rigorous understanding of brain dynamics and function requires a conceptual bridge 
between multiple levels of organization, including neural spiking and network-level population 
activity. Among the vast spectrum of spatial and temporal scales of brain activity, two 
experimentally accessible levels of brain organization are (i) the single-neuron spiking and (ii) 
the population activity of the network in which the neurons are embedded to various degrees. 



Single-neuron spiking in cerebral cortex is characterized by statistical properties, such as 
irregular spiking and reduced variability during sensory stimulation. Population activity is 
characterized by complex spatiotemporal activity, including scale-free activity, which is 
predicted to occur for a network state near criticality. These observations at two adjacent levels 
of brain organization raise the question, to what extent the network state controls the variability 
of single-neuron spiking? 
To explore impact of the network state on the statistics of neuronal spiking, we used a model of 
binary probabilistic integrate and fire neurons. We simulated the network activity for different 
states, for which we quantified spiking irregularity in terms of coefficient of variation (CV) of 
the inter-spike-intervals and the variability of spike trains in terms of average Fano factor (FF) 
over a sliding time window. In our computational model we show that two prevalent features of 
cortical single-neuron activity, irregular spiking (CV>1) and the decline of response variability at 
stimulus onset, could both arise as emergent properties of a recurrent network operating near 
criticality. Importantly, our work reveals that the relation between the irregularity of spiking and 
the number of input connections to a neuron, i.e., the in-degree, is maximized at criticality. This 
relation establishes a valuable conceptual link between criticality and the important field of 
network theory. Furthermore, as the observed decline in response variability is regarded as an 
essential mechanism to enhance response fidelity to stimuli, our discovery of its relation to 
network criticality offers a starting point toward unraveling the possible roles of critical 
dynamics in neural coding. 
It will be interesting to see to what extent the presented findings will generate a paradigm shift in 
the study of criticality of neural systems, as our results also provide novel and robust measures to 
test the criticality hypothesis. Overall, our findings establish criticality as a unifying principle for 
the variability of single-neuron spiking and the collective behavior of recurrent circuits in 
cerebral cortex. 
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Title: Computational model on spatial-temporal response of primary visual cortex to contour 
stimuli 
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Abstract: Experimental study showed that population activities of primary visual cortical neuron 
encode the information of contour. Here we applied a physiology plausible computational model 
to explore the spatial-temporal dynamics of these population activities. We model a patch of 
neurons in V1 including 10*10 orientation hypercolumns. Excitatory (75%) and inhibitory (25%) 
neurons are randomly arranged in the plane and their preferred orientation forms a spinwheel 
structure. The short-range connections are isotropic among nearby neurons and mediated by 
AMPA or GABA receptors depending on the type of presynaptic neuron. The long-range 
connections are orientation-specific and mediated by NMDA receptors. We employ Wilson-
Cowan model to describe the dynamics of single neuron. We apply the first order equation to 
model the fast synapse mediated by AMPA and GABA receptors and the second-order equation 
to model the slow synapse mediated by NMDA receptors. Given an image, we obtain the signal 
strength by filtering the image using steerable filters and the signal strength determines the input 
to a neuron according to its preferred orientation and spatial location. 
Our model demonstrates typical spatial-temporal population activity of V1 upon orientation and 
contour stimuli. Given a stimulus with a single long straight line, the population activity pattern 
is consistent with classic image observations. Given a contour formed by five colinear bars with 
random background, the activation of neurons whose receptive field is on the contour are 
enhanced while the activities in the other areas are suppressed comparing with given stimulus of 
random bars (Fig). Comparing with the spiking neuron models, our firing rate model enables us 
to simulate large-scale cortical circuit efficiently and investigate the spatial temporal dynamics of 
large-scale network. 

 

 
Fig: (a) Random background and the response. (b) Five colinear bars with random background 



and the response. (c) Difference of responses in (a) and (b). (d) Average firing rate of the 
excitatory neurons in the center group. 

Disclosures:  J. Li: None. Y. Yan: None. W. Wang: None. W. Li: None. S. Wu: None. D. 
Wang: None. 

Poster 

713. Visual Cortex Dynamic Properties 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 713.06/II3 

Topic: D.06. Vision 

Support: Grants-in-Aid for Scientific Research 16K00220 

Title: A role of lateral connections in the formation of orientation representation efficiently 
preserving visual information 

Authors: *M. MIYASHITA1, S. ISHIKAWA2, J. HORIKAWA2, S. TANAKA3;  
1Natl. Inst. of Technol., Numazu, Shizuoka, Japan; 2Toyohashi Univ. of Technol., Toyohashi, 
Aichi, Japan; 3The Univ. of Electro-Communications, Chyofu, Tokyo, Japan 

Abstract: It has been believed for long time that preferred orientations are arranged tangentially 
in the mammalian primary visual cortex in an orderly manner, forming orientation maps. 
Recently, in the rodent visual cortex, however, preferred orientations have been found to be 
distributed almost randomly in a salt-and-pepper-like manner. These experimental findings raise 
a question of what functional roles cortical orientation representation plays in visual perception. 
Very recently, we have successfully reproduced not only orderly but also random orientation 
representations using our self-organization model of geniculo-cortical afferent inputs only by 
changing the value of the connection probability of lateral excitation p. The salt-and-pepper-like 
representation emerged with a large portion of unresponsive cells at p < pc, whereas orderly 
maps without unresponsive cells appeared at p > pc. In the present study, we examined to what 
extent visual images are reconstructed from activity patterns of cells in the model cortex that 
exhibits different types of orientation representations. The reconstruction was made so that the 
mean square error in activity patterns between a target image and a reconstructed one is 
minimized. We quantitatively evaluated the similarity of reconstructed images to target images. 
As a result, the larger the p value is, the higher the similarity is, as expected. In other words, the 
precision of image reconstruction is higher for denser lateral excitatory connections. Next we 
examined the similarity in case where simulations of self-organization had been conducted with 
lateral connections at p < pc or without lateral connections under the condition of the equal 



number of responsive cells. The similarity was found to be conspicuously higher for the 
orientation representation that had been self-organized with lateral connections than for the 
representation without lateral connections. This suggests that cortical lateral connections are 
necessary for the development of the orientation representation that preserves visual information 
sufficiently to decode visual images, even if the representation is salt-and-pepper-like due to the 
sparseness of the connections. 
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Title: Development of orientation selectivity in ferret V1: high cellular and columnar variability 
visualized through chronic 2-photon imaging 
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Abstract: Selectivity for stimulus orientation is a fundamental property of primary visual cortex 
in primates and carnivores, where it is organized into a smoothly varying columnar map that 
emerges in an activity-dependent manner during early postnatal life. Numerous theoretical 
models have been proposed to explain the formation of orientation maps, and this key 
developmental process has been the subject of extensive experimental work. Despite these 
efforts, it has remained unclear how the modular structure of an orientation map forms over 
development and the degree to which individual neurons alter their preferences to produce a 
smooth map. In the ferret, intrinsic signal imaging shows that orientation maps first emerge 
around eye-opening and then exhibit a stable columnar pattern. However, this technique both 
lacks cellular resolution and requires extensive trial averaging, and therefore cannot distinguish 
between several potential explanations for the early absence of maps, including weak cortical 
responses, high trial-to-trial variability, and an intermixed ‘salt-and-pepper’ organization of 



orientation preferences at the cellular level. 
Here we address this limitation through the longitudinal imaging of GCaMP6s at both the 
columnar and cellular level in developing ferrets. We show that prior to eye-opening, gratings 
reliably evoke strong responses, which exhibit a highly modular structure with consistent domain 
size across both cortical locations and visual stimuli. Notably, the spatial location and pattern of 
domains activated by a single orientation varies greatly across trials, resulting in the absence of a 
clear orientation map. The high variability of orientation responses on the columnar scale is not a 
general feature of the immature cortex, as responses to uniform luminance steps are both 
selective and reliable. Longitudinal imaging shows that trial-averaged columnar orientation 
responses begin to show similarity to the future mature orientation map in the days immediately 
prior to eye-opening, despite response variability remaining high until several days following 
eye-opening. At the cellular level, two-photon imaging reveals that responses are spatially 
coherent prior to eye-opening, with no evidence of an intermixing of differently tuned 
populations. Similar to columnar responses, the responses of individual neurons also exhibited 
high trial-to-trial variability, which declined following eye-opening. Thus, our results suggest 
that the lack of strong orientation maps prior to eye-opening reflects highly variable responses in 
an immature cortex already exhibiting strong modular organization. 
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Abstract: The correlated variability (or “noise correlation”) of cortical responses to repeated 
presentations of the same stimulus originates from the interconnected nature of cortical circuits 
and impacts population coding. Two questions loom high in our quest to understand cortical 
signal processing: (1) What are the spatiotemporal dynamics of correlated variability? (2) What 
mechanisms mediate such dynamics of coordination? 
To address the first question, we obtained simultaneous local field potential (LFP) recordings 
from a visual cortex in response to repeated visual stimulation. Specifically, we inserted a 96-
channel microelectrode array into the visual cortex of the ex vivo turtle eye-attached whole-brain 
preparation and recorded the LFP responses to naturalistic movie clips projected onto the intact 
retina. We made four key observations with respect to the correlated variability among pairs of 
LFP recordings. First, correlated variability was small during ongoing activity, significantly 
increased at stimulus onset, and relaxed back to an intermediate level during continued visual 
stimulation. Second, correlated variability decreased with increasing inter-electrode distance. 
Third, correlated variability varied markedly among electrodes, but correlated variability of a 
pair during ongoing activity was related to the correlated variability during evoked activity. 
Fourth, LFP recordings featured intermittent oscillations; correlated variability among pairs of 
LFP recordings was strongly linked to the coherence of such oscillations. 
To address the second question, focused on mechanisms, we investigated a model network of 
excitatory and inhibitory leaky integrate-and-fire (LIF) model neurons, including external inputs 
and synaptic depression with recovery. We mimicked two-dimensional space by arranging 
neurons on the surface of a sphere with a mix of mostly clustered and some long-range 
connections. We defined the simulated LFP as the sum of the synaptic currents within a group of 
adjacent neurons. Within this model framework, our simulations reproduced the experimentally 
observed temporal dynamics and the spatial dependence of correlated variability. In contrast, a 
random network with unstructured connections is not able to reproduce all experimentally 
observed features. 
In conclusion, our work quantifies the spatiotemporal dynamics of correlated variability and 
emphasizes the role of structured connectivity in shaping the dynamics, thus building a bridge 
between cortical structure and computation. 
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Abstract: Neural networks with connections organized by probabilistic rules are conceptually 
powerful model systems. Among others, random neural networks have been shown to (1) 
generically exhibit computationally favorable properties for stimulus representation and 
information processing (e.g. Lukoševičius & H. Jaeger, 2009), (2) dynamically generate a state 
of sustained irregular spiking activity (van Vreeswijk & Sompolinsky, 1996) and (3) to account 
for visual cortical orientation selectivity (Ernst et al., 2001). What is left open in these theoretical 
studies is the question whether such ideas are viable in random networks of living cells. 
We address this problem using a dissociated culture of rat cortical neurons. The neuronal 
connection patterns in such cultures are substantially less organized than neural circuits in the 
brain. We then drive these neurons optogenetically with spatially complex light patterns, 
generated by a holographic photostimulation system (Golan et al. 2009) and monitor neural 
responses optically with a redshifted genetically encoded calcium indicator (Dana et al. 2016 
bioRxiv) together with ground truth data from a multielectrode array. 
Stimulating the cell culture with moving gratings reveals a substantial degree of orientation 
tuning. We identify at least 33 out of 430 units from 16 cortical cultures as orientation selective, 
i.e. they show a circular variance < 0.9. This is highly significant with p<0.001. Notably, the 
orientation selectivity described here resembles to some extend cortical orientation selectivity. 
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Abstract: How the brain processes input from the senses depends crucially the collective 
interactions among neurons in the cerebral cortex and interactions among cortical regions. One 
important property of how a neural network encodes input is dynamic range, which quantifies 
the range of input intensities that lead to distinguishable responses. Previous experiments and 
computational models show that dynamic range is maximized when the interactions among 
neurons in the network are tuned to a special regime, called criticality. However, dynamic range 
is typically defined based on the average response to many repetitions of the same set of stimuli. 
This is unrealistic, because trial-to-trial variability can be high, especially at criticality, and the 
brain does not have the luxury of averaging over thousands of repetitions. A more principled 
approach, which accounts for trial-to-trial variability, is offered by signal detection theory. For a 
given pair of stimuli, the ability to correctly discriminate between the two stimuli depends on 
how the two distributions of responses overlap, and can be quantified as the area under the 
receiver operating characteristic (AUROC). Here, we study this problem using a network-level 
computational model of binary, probabilistic integrate-and-fire neurons. First, we consider a 
single network of neurons and show that the true distinguishability (AUROC) of stimuli is not 
optimal at criticality, but rather is highest in the subcritical regime. However, if we consider a 
second network of neurons that receives its input from the first network, the optimal regime for 
stimulus discrimination shifts back towards criticality. Considering the multi-network, 
hierarchical structure of real sensory systems (e.g. thalamus, primary sensory cortex, association 
areas, etc.), our results suggest that sensory input may be best distinguished when the system as a 
whole operates near criticality, but in the slightly subcritical regime. More generally, our results 
demonstrate a computational tradeoff: maximizing dynamic range comes at the cost of 
suboptimal stimulus discrimination. 
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Title: Pulvinar modulates the contrast response function of cortical neurons throughout the 
visual hierarchy. 

Authors: *N. CORTES, B. O. SOUZA, J. LAI, U. KEYSAN, S. THOMAS, C. CASANOVA;  
Ecole d'optometrie, Univ. De Montreal, Montreal, QC, Canada 

Abstract: While the properties of pulvinar cells and their connectivity with cortical visual areas 
have been described, their exact function are still unknown. Experimental and theoretical data 
suggest that projections from the pulvinar to the cortex modify the neural gain of the contrast 
response function (CRF) of cortical cells (Cortes and van Vreeswijk, 2012, 2015). Further, data 
from our group show that pulvinar inactivation can also shift the CRF of primary cortical 
neurons along the x-axis. How both gain and shift in the CRF can arise from the pulvinar? We 
explored this question by creating a network of sequential cortical levels attached to a pulvinar-
like structure where each component is in the balanced state, to mimic the flow of neural activity 
through the visual system. We modeled the interactions between the visual cortices and the 
pulvinar with both reciprocal and non-reciprocal projections. While reciprocal connectivity was 
kept constant throughout the cortical chain, the synaptic strength of the non-reciprocal 
connections decreased as one moves from lower to higher cortical levels. We found that for early 
levels, reciprocal connections are mainly responsible for shifts in the CRF whereas local 
processing within the pulvinar together with non-reciprocal connections control the CRF gain 
across the cortical hierarchy. We compare these findings with experimental data on the CRF of 
V1 and 21a neurons of the cat prior to and after pulvinar inactivation. The proposed model 
suggests that both forms of CRF modulation could be managed sufficiently by cortico-pulvino-
cortical connections, and does not require changes in cortico-cortical connection strength across 
the network. 
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Abstract: The cat primary visual cortex is organized in ON and OFF domains of neurons that 
show different preferences for light and dark stimuli. OFF domains generate stronger responses 
and have a more accurate representation of visual space than ON domains. It is currently unclear 
how this cortical OFF-dominance is affected by the different luminance levels of visual scenes. 
To better understand the relation between cortical OFF dominance and mean luminance, we 
performed horizontal penetrations through cat primary visual cortex with multielectrode arrays 
(32-electrode Neuronexus, 0.1 mm electrode spacing) and measured visual responses to dark and 
light stimuli with luminance spanning from 0.007 to 70 cd/m2 (mean luminance was attenuated 
with neutral density filters placed in front of the eye). Our results demonstrate that, when driven 
by dark stimuli in light backgrounds, both OFF (dark on) and ON responses (dark off) double 
their strength as mean luminance increases from 0.007 to 0.7 cd/m2. However, OFF responses 
remain consistently stronger than ON responses across the entire luminance range (average OFF 
vs. ON: 79 vs. 46 spk/sec, p<0.001, n=410 vs. 158 recording sites, Wilcoxon test). In turn, when 
driven by light stimuli in dark backgrounds, OFF responses (light off) are still stronger than ON 
responses (light on) but only at the higher luminance (ON vs. OFF: 61 vs. 80 spk/sec at 0.7-70 
cd/m2, n=310 vs. 395, p<0.001; 65 vs. 64 spk/sec at 0.007-0.7 cd/m2, n=147 vs. 131, p=0.35; 
Wilcoxon tests). OFF responses were also stronger than ON responses for all stimulus conditions 
in mid-gray backgrounds except for lights at 7-70 cd/m2 (light ON vs. light OFF: 51 vs. 45 
spk/sec, n=212 vs. 127, p=0.009, Wilcoxon test). In addition to changes in response strength, 
increasing stimulus luminance caused a pronounced reduction in ON and OFF response latency, 
which could be accurately fit with a linear function in a semi-log scale. For each log-unit 
increase in luminance, ON response latency was reduced by 14.25 msec in dark backgrounds (R2 

= 0.98, n=4 luminance bins, p=0.007) and OFF response latency was reduced by 11.13 msec in 
light backgrounds (R2 = 0.99, n=4 luminance bins, p=0.001). Surprisingly, increasing the mean 
luminance also made OFF receptive fields slightly larger (23% for a luminance increase from 
0.07 to 70 cd/m2 in light backgrounds, n=70 vs. 417, p<0.001, Wilcoxon test), an increase that 
reached half-saturation at 0.09 cd/m2. These results demonstrate that mean luminance has 
pronounced effects on the response magnitude, latency and size of OFF cortical receptive fields 
and reveal a surprising dominance of the OFF pathway across a wide illumination range 
including low mesopic light. 
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Title: Gamma oscillations as a marker of collinear horizontal and feedback connectivity in 
primate primary visual cortex 

Authors: *M. BIJANZADEH1, A. ANGELUCCI2;  
1Moran Eye Inst., Neurosci. program, Univ. of Utah, Salt Lake City, UT; 2Moran Eye Inst., Salt 
Lake City, UT 

Abstract: Orientation tuned surround modulation (SM) is a fundamental property of primary 
visual cortex (V1) neurons, thought to result from the interaction of horizontal (H) and feedback 
(FB) connections with local recurrent circuits (Angelucci et al. 2002; Shushruth et al. 2012). We 
previously proposed that both H and FB connections mediate the modulation from surround 
regions near the receptive field (RF), but only FB mediates far SM. H connections link neurons 
having similar orientation preference along an anisotropic axis in visual space collinear with the 
orientation preference of the connected neurons (Bosking et al. 1997). We have recently shown 
that FB connections may have a similar collinear arrangement (Federer et al., SFN 2015). 
Stimulation of the RF surround with isotropic gratings has been shown to increase the power in 
gamma oscillations (30-90 Hz) when the RF is simultaneously stimulated (Gieselmann & Thiele 
2008). Gamma oscillations are thought to enhance information transmission across different 
brain regions (e.g. Fries 2009), and to reflect the activity of recurrent circuits (Borgers & Kopell 
2008; Xing et al. 2012). If SM results from the interaction of visually anisotropic long-range 
connections with local recurrent circuits, then gamma oscillations induced by surround 
stimulation should reflect this anisotropy in connectivity. Here we have tested this hypothesis. 
Using linear electrode arrays in macaque V1, we recorded local field potential (LFP) responses 
to small (0.5-1.5°) iso-oriented grating patches flashed at varying distances from the RF center 
(0.5°-3.4°), in collinear or non-collinear configuration relative to the preferred orientation of 
neurons in the recorded V1 column. LFPs were filtered (1-100Hz) and their power spectrum was 
computed using Chronux toolbox (multitaper method, 8 Hz bandwidth, 3 tapers, Mitra & Bokil, 



2008). The increase in gamma power was defined as the difference between the logarithm of the 
power during stimulus presentation (0-200ms) and prior to stimulus onset (-200-0ms). 
We found that collinear surround grating patches in the absence of RF stimulation evoked higher 
gamma power than non-collinear patches in both superficial and deep V1 layers, and this effect 
decreased with distance from the RF. Moreover, collinear (but not non-collinear) patches in the 
near surround evoked greater increases in gamma power than far surround patches. These results 
suggest that collinearity is an important feature of the H and FB connectivity underlying near and 
far surround modulation, and support a role for recurrent networks in surround modulation. 
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Title: Layer 6 corticogeniculate neurons in the awake visual cortex: Receptive field properties 
and effect of alert/non-alert brain states. 

Authors: *C. R. STOELZEL1, Y. I. BERESHPOLOVA1, J.-M. ALONSO2,1, H. A. 
SWADLOW1,2;  
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Abstract: The lateral geniculate nucleus provides a powerful input to layer 4 (L4) and a less 
dense but significant input to layer 6 (L6) of the visual cortex. L6 corticogeniculate (CG) 
neurons provide a feedback projection to the LGN that is thought to shape receptive field (RF) 
properties and influence spike timing and response gain of thalamic neurons. Here, we examine 
the RF properties of antidromically identified CG neurons of primary visual cortex of awake 
rabbits, in both alert and non-alert states, and we compare these findings with recently studied L4 
simple cells (Zhuang et al., 2013; 2014). We found that ~ 40% of CG neurons did not respond to 
visual stimulation in either brain state, and these unresponsive cells had significantly longer 
corticothalamic axonal conduction times (30.8 ± 1.9 ms) than visually responsive CG neurons 
(19.0 ± 1.7 ms). All visually responsive CG neurons (n = 42) had simple RFs with either a single 



ON or OFF domain, or spatially separate ON and OFF domains, and all but one (97.6%) had an 
F1/F0 ratio > 1. L4 simple cells and visually responsive CG neurons had similar (low) 
spontaneous firing rates (CG = 0.45 ± 0.09 spk/s L4 simple = 0.55 ± 0.08 spk/s), visually evoked 
response rates (F1, CG = 11.9 ± 1.3 spk/s, L4 simple = 15.2 ± 1.5 spk/s) and response linearity 
(F1/F0, CG = 1.42 ± 0.04, L4 simple = 1.53 ± 0.03). However, L6 CG neurons: 1) preferred 
lower temporal frequencies (CG = 3.0 ± 0.2 Hz, L4 simple = 5.8 ± 0.9 Hz), 2) had wider RFs 
(CG = 4.1 ± 0.3°, L4 simple = 3.2 ± 0.1°), 3) had similar preferred spatial frequencies (CG = 
0.21 ± 0.02 cpd, L4 simple = 0.20 ± 0.03 cpd), 4) but had a wider SF bandwidth (CG = 1.38 ± 
0.16 oct, L4 simple = 0.68 ± 0.07 oct), 5) were less directionally selective (DSI, CG = 0.42 ± 
0.05, L4 simple = 0.68 ± 0.03), 6) had longer latencies to visual stimulation (CG = 55.6 ± 2.1 
ms,L4 simple = 37.5 ± 2.8 ms), and 7) responded in a more sustained manner to a stationary 
stimulus. Moreover, the effects of alertness were considerably stronger on layer 6 CG neurons 
than on layer 4 simple cells. For both cell classes, alertness significantly reduced response 
variability (Fano factor), enhanced visually evoked responses (F1) to stimuli moving in the 
preferred direction while also suppressing responses to stimuli moving orthogonal to the 
preferred direction. However, state effects on CG neurons were greater. Using a population 
coding model for orientation detection (Zhuang et al., 2014; Hei et al., 2014), we show that these 
effects of alertness on CG neurons --enhanced reliability, higher gain, and increased suppression 
to orthogonal orientations-could increase the speed of cortical feature detection, and do so to a 
much greater degree (~ 2-fold) than was seen for layer 4 simple cells. 
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Title: Fast spike interneurons in layer 6 of rabbit visual cortex: Comparison with layer 4 and 
effects of alert/non-alert brain states 
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1Dept. of Psychology, Univ. of Connecticut, Storrs, CT; 2Dept. of Biol. Sci., SUNY-Optometry, 
New York, NY 

Abstract: Thalamocortical axons from the lateral geniculate nucleus (LGN) project largely to 
layer 4 (L4) of primary visual cortex (V1), but also send a significant projection into layer 6 
(L6). Here we examine the visual response properties, geniculocortical connectivity, and effects 
of brain state (awake alert vs. non-alert) of putative fast-spike inhibitory interneurons (suspected 
inhibitory interneurons, SINs) in L6 of V1, and we compare these findings with those previously 
obtained (Zhuang et al., 2013; 2014) from SINs of L4. SINs of L6 had similar latencies to 
electrical and visual stimulation as L4 SINs, and cross-correlation analysis between spike trains 
of LGN neurons and retinotopically aligned L6 SINs confirmed monosynaptic connectivity. In 
comparison to L4 SINs, L6 SINs: 1) were less linear (F1/F0 ratios, L6 vs L4: 0.2 ± 0.04 vs 0.53 
± 0.04), 2) had similarly high spontaneous firing rates (L6 vs L4: 17.76 ± 2.03 spk/s vs. 21.96 ± 
2.18 spk/s), but significantly lower modulated response amplitudes (F1, L6 vs L4: 10.09 ± 1.87 
spk/s vs 32.97 ± 3.73 spk/s), 3) were less sensitive to contrast (C-50 values, L6 vs L4: 24.31 ± 
2.41 % vs 10.83 ± 1.94 %), and 4) were far less reliable (Fano Factor, L6 vs L4: 2.03 ± 0.35 vs 
1.33 ± 0.08 ). Receptive field tuning properties for orientation, spatial frequency and temporal 
frequency did not significantly differ between SINs of L4 and L6. Additionally, the alert state 
greatly enhanced response reliability and the response amplitude of visually evoked responses 
during optimal stimulation. In contrast to the diversity of state-dependent effects previously 
reported for L4 SINs (Zhuang et al., 2014), the effect of state on L6 SINs was stronger, and 
considerably more homogeneous, demonstrating an enhanced sensitivity to state. 
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Title: Optogenetic inactivation of V2 feedback to primate V1 affects contrast gain, receptive 
field size and near surround suppression 

Authors: *L. NURMINEN, S. MERLIN, M. BIJANZADEH, F. FEDERER, A. ANGELUCCI;  
Moran Eye Ctr., Univ. of Utah, Salt Lake City, UT 

Abstract: Inter-areal feedback (FB) connections are a prominent feature of the cortex whose role 
remains hypothetical, due to the difficulty of inactivating FB selectively and rapidly without 
silencing an entire cortical area. Neurons in primate area V1 receive FB inputs from areas V2, 
V3 and MT. V2 FB inputs encompass the receptive field (RF) and near RF surround of V1 cells, 
while V3 and MT FB inputs extend to the RF far surround (Angelucci et al. 2002). Here, we 
investigated the impact of optogenetically inactivating V2-to-V1 FB terminals on V1 responses . 
The inhibitory opsin ArchT was expressed in axon terminals of V2 FB cells by injecting AAV9-
CaMKII.Cre and AAV9.CAG.Flex.Arch into V2 of 3 marmosets. After 4-6 wks, linear array 
recordings (24-channels) were made in V1 of anesthetized animals. Optogenetic silencing of FB 
terminals in V1 was performed by surface photostimulation with a green (532nm) laser coupled 
to a 400µm diameter optical fiber or collimator, producing a ~2mm diameter light spot. V2 was 
shielded from light. For each penetration (n=8), we measured size tuning and contrast response 
functions with and without FB inactivation. Photostimulation intensity was gradually increased 
while measuring V1 neurons' size tuning curves using drifting high contrast sinusoidal gratings 
of increasing size optimized for the recorded cells. The lowest light intensity evoking response 
changes was chosen for the reminder of the experiment. Each stimulus was presented twice in 
succession for 500ms (ISI 750ms) with photostimulation (500ms) randomized between the first 
and second presentation. 
In a subset of V1 units modulated by light, V2 FB inactivation caused a shift in the peak of the 
size tuning curve towards larger grating diameters, and increased spike-rate at the shifted peak, 
thus effectively increasing RF and surround sizes, and reducing near surround suppression. Both 
RF and RF-surround sizes (grating diameter at peak summation and at plateau, respectively) 
approximately doubled after FB inactivation. In contrast, the size and strength of far surround 
suppression, which is likely mediated by FB from V3 and MT, were unaffected by V2 FB 
inactivation. V2 FB inactivation also affected the contrast response of V1 cells by reducing 
spike-rate at all contrasts, and increasing contrast gain. 
We conclude that V2 FB increases near surround suppression and “shrinks” RF size in V1 cells 
via a contrast gain-dependent mechanism. These results are consistent with a model of surround 
suppression (Schwabe et al. 2006) in which reduced FB excitatory inputs to V1 RFs allows V1 
cells to sum inputs over larger visual field regions, until a threshold for inhibition is reached. 
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Abstract: We have previously shown that differences in the luminance response function of ON 
and OFF visual-pathways can explain asymmetries in processing dark versus light features in 
visual scenes. We now measure dark/light asymmetries in human vision across two orders of 
magnitude of background luminance by using neutral density filters (0.0136 to 136 cd/m2), and 
confirm that differences in ON/OFF luminance responses explain multiple dark/light 
asymmetries in perception. First, we demonstrate that humans see high spatial frequencies better 
with full-contrast gratings of dark bars than light bars (14.3% difference in correct responses at 
16 cpd, p<0.001, Wilcoxon tests here and below), but the difference disappears under low 
luminance, where high spatial frequencies are no longer visible. Second, we show that, although 
low light eliminates dark/light asymmetries in grating acuity, it enhances the asymmetries for 
visual salience of dark/light spots presented in noisy backgrounds (dark-light difference in 
correct responses of 11.29% increases to 22.01% in low luminance, p<0.001). We also show that 
dark/light asymmetries are enhanced by optical blur (7.95% at focus vs. 18.79% with -5 diopters 
and 24.68% with +5 diopters, p<0.001). Third, we demonstrate that, although visual resolution is 
higher for gratings of dark bars, full-contrast light dots on dark backgrounds are detected better 
than dark dots on light backgrounds (-36% dark-light difference in correct responses for dots of 1 
monitor pixel p<0.001), a difference that disappears or reverses as background brightness 
increases. Finally, we use a computational model to demonstrate that ON luminance-response 
saturation explains all the asymmetries tested. The model assumes that ON luminance saturation 
occurs under different luminance conditions, an assumption that was confirmed with 
multielectrode recordings in cat visual cortex. In these recordings, reducing luminance from 35 
to 0.35 cd/m2 shifted the luminance that generated 50% of maximum response to light spots 
(L50) by two orders of magnitude, while keeping it below the middle luminance range available 
(average L50 in high vs. low luminance: 18.49% vs. 29.29% of maximum luminance, p=0.003). 
Reducing luminance also caused a pronounced increase in the exponent of the luminance 
response function (1.06 vs. 2.41, p<0.001), allowing a more precise sampling of the narrower 
luminance range. These results support the notion that dark/light asymmetries in vision are a 



consequence of ON luminance response-saturation and suggest a possible explanation for the 
association between low-light/optical-blur and myopia: an under-stimulation of the ON-pathway. 
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Title: Structure + dynamics lead to function in a new computational model of macaque primary 
visual cortex 
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Abstract: Our overall aim is the development of a coherent dynamical theory that explains 
cortical function as a direct consequence of known circuitry and neuronal interactions. To this 
end we constructed a new computational model of layer 4Cα in macaque V1 cortex, modeled as 
a large network of integrate-and-fire neurons. More than in previous models, we have tried to 
incorporate realistic neuroanatomy, following closely data on cell density, fraction of Excitatory 
(E) and Inhibitory (I) cells, connectivity probabilities as well as the fact that connections are 
isotropic and non-specific. One important new feature of the model was that LGN input to layer 
4Cα was very sparse, consistent with what is known about the LGN projection to V1 (Silveira, 
Perry 1991; Angelucci, Sainsbury 2006). Feedback from layer 6 is also incorporated. Specific 
modeling goals were: (1) to investigate interrelations between structure and dynamics, and the 
resulting functions of V1; (2) to show how it is possible that sparse LGN input can lead to V1’s 
visual capabilities; (3) to replicate the known diversity of visual properties across V1; (4) to 
assess the magnitude of recurrent or feedback excitation compared to feedforward. Goals (1)-(4) 
were achieved through analysis of model regimes that replicate simultaneously many 
experimental datasets. We found: (re goals 1, 2) the model generates Orientation-Selective (OS) 
cells through a complex, nonlinear, dynamic computation involving multiple factors, including 
strong, recurrent, OS input from neighboring E-cells, and recurrent inhibition that is non-
selective for orientation; (3) model neurons show great diversity in many dimensions: firing rates 
and firing patterns, synchronization with the population gamma rhythm, orientation and spatial 



selectivity, and modulation ratio; (4) no more than 15% of the E- input to an E-cell in the model 
comes from LGN; the rest comes from cortex through lateral interactions with other 4Cα neurons 
and from feedback via layer 6. Furthermore, like the real cortex, the model generates partially 
synchronized firing in the gamma band (30-90 Hz) when driven by drifting gratings. The 
model’s temporal synchrony is stimulus dependent: there is very little synchronized firing in 
background, or at low contrast, but strong synchrony when the stimulus is high contrast, again 
like the real cortex (Henrie and Shapley 2005). The model’s architecture and its dynamical 
interactions both play key roles in determining its background activity and responses to visual 
driving. As our model is realistic, we propose that a similar relationship holds in the real cortex. 
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Title: Feature-specific organization of cortico-cortical feedback connections in mouse visual 
cortex 
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Abstract: The visual system consists of lower and higher areas that are reciprocally connected. 
Although much is known of the role of feedforward pathways in shaping the receptive field 
properties of neurons, relatively little is known about the role of feedback pathways in visual 
processing. Nine cortical areas that receive retinotopically-organized input from V1 have been 
identified in the mouse (Wang and Burkhalter, 2007). In particular, superficial neurons in two 
areas, AL (anterolateral) and PM (posteromedial), have been shown to possess distinct visual 
properties in terms of spatial and temporal frequency tuning (Andermann et al., 2011; Marshel et 
al., 2011). AL neurons respond best to visual stimuli with relatively low spatial and high 
temporal frequencies, while PM neurons prefer those with relatively high spatial and low 
temporal frequencies. Both of these areas send significant feedback to V1 (Wang et al., 2011; 
2012). It is not yet clear whether feedback connections from these areas convey feature-specific 



information to V1 and what functional impact they have on receptive field properties of V1 
neurons. To investigate these questions, we employed retrograde viral technology, macroscopic 
imaging of cortical areas sending feedback to V1, in vivo optogenetics and single-unit recordings 
in awake mice. We used channelrhodopsin-2-assisted targeted recordings to identify AL-to-V1 
and PM-to-V1 feedback neurons. Our preliminary results indicate that AL and PM neurons 
providing feedback to V1 exhibit distinct visual stimulus preferences, similar to previously 
reported characteristics of superficial neurons in these areas. Using optogenetic silencing of 
feedback neurons, we found that the effects of feedback on V1 neurons exhibit like-to-like 
functional impact; V1 neurons whose visual properties are similar to the feedback area being 
silenced showed the greatest modulation in visual responses. For example, silencing PM 
feedback suppressed visual responses primarily in V1 neurons tuned to high spatial frequencies. 
We are currently investigating whether feedback effects on V1 neurons are modulated by the 
behavioural state of the animal, as indicated by spontaneous running. This study will reveal new 
insights into the functional organization of feedback connections in the brain and contribute to a 
greater understanding of the role of top-down pathways in vision. 
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Title: Somatostatin neurons drive long-range gamma band synchronization in the visual cortex 

Authors: *J. VEIT1, R. HAKIM1, M. P. JADI2, T. J. SEJNOWSKI2, H. ADESNIK1;  
1UC Berkeley, Berkeley, CA; 2Salk Inst., La Jolla, CA 

Abstract: Rhythmic activity is a ubiquitous feature of brain circuits, and has been linked to 
many aspects of sensory and cognitive function. Gamma band rhythms, in particular, may 
synchronize distributed cell assemblies to facilitate information transfer within and across brain 
areas, yet their underlying mechanisms and functional consequences for neural computation 



remain hotly debated. Most circuit models pose that soma-targeting parvalbumin (PV) positive 
GABAergic interneurons help mediate gamma rhythms through somatic inhibition. In contrast, 
using cell-type specific manipulations we show that dendrite-targeting somatostatin (SOM) 
interneurons are critical for visually induced cortical gamma rhythms in awake, behaving 
animals. Both a computational model based only on prior measurements of connectivity, and a 
brain slice model using optogenetic activation of horizontal cortical circuits, recapitulated 
gamma rhythms that depend critically on somatostatin interneurons. In vivo, SOM-mediated 
oscillations synchronize remote ensembles that process stimuli with common sensory features, 
implicating them in context-dependent visual perception. Taken together, these data establish a 
new mechanism for synchronizing distributed cell assemblies. By operating through dendritic 
rather than somatic inhibition, SOM-mediated oscillations may expand the computational power 
of gamma rhythms for optimizing the synthesis and storage of sensory perceptions. 
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Title: Contextual modulation and the cortical hierarchy: inactivating feedback from V2/V3 
reveals multiple mechanisms of surround modulation in V1 
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Abstract: One of the defining features of cortex is its hierarchical organization, defined by the 
feedforward and feedback projections that connect distinct cortical areas. Compared to 
feedforward processing, the functions carried out through cortico-cortical feedback are poorly 
understood, despite the anatomical abundance of these projections. Previous work from our lab 
established that feedback contributes to size tuning in V1, a canonical form of surround 
suppression (Nassi et al. 2013, 2014), and we sought to better understanding this contribution in 



order to gain deeper insight into the computational role of feedback. The effects of the stimulus 
surround on V1 responses to natural stimuli have given rise to two prominent theoretical 
perspectives on surround modulation: that surround normalization is flexibly and optimally gated 
to promote the efficient representation of natural images (Coen-Cagli et al. 2015); and, that 
surround suppression effectively produces input-gain control (Lochmann et al. 2012). These 
mechanisms are expected to produce distinctive patterns of surround modulation, which we can 
disentangle through the careful design of parametric stimuli, including center ‘plaids’ with 
surround gratings (Trott and Born 2015). Here, we examined the effects of reversibly 
inactivating feedback from areas V2/V3 to V1 in awake macaque monkeys while recording 
responses to these parametric stimuli. Our preliminary results suggest that input-gain control 
remains intact during feedback inactivation, while divisive normalization is affected. We 
tentatively conclude that multiple underlying surround mechanisms contribute to contextual 
modulation in V1, potentially consistent with multiple theoretical frameworks, and that feedback 
contributes to surround mechanisms involved in flexible normalization. 
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Abstract: In the primate brain, area MT is largely responsible for the processing and perception 
of motion in visual scenes. MT neurons are tuned for the direction and the speed of moving 
stimuli and they respond with pronounced firing rate transients upon a change in visual 
stimulation. These transients increase the neurons' sensitivity and they are directly related to 
behavioural performances. Therefore, to gain a better understanding of the processing of 
dynamic visual scenes it is important to understand the neural processes that shape the transients 
in MT responses. We present a dynamical model of MT cells that takes the cells’ speed and 
direction tuning into account and that is able to reproduce their experimentally observed 



transients. In its simplest version, the model consists of only two coupled differential equations, 
representing an excitatory and an inhibitory population that make up a single direction column. 
Both populations receive the same external input and additionally the inhibitory population 
provides divisive inhibition to the excitatory one. Using a simple optimization procedure, we fit 
the model to find close to perfect fits for the sustained and transient phases in MT single cell 
responses. Based on the fit for each cell, the model reproduces and predicts neuronal responses 
to arbitrary accelerations and decelerations of a moving stimulus starting from both low and high 
base speeds, including experimentally observed deviations of the actual transient as compared to 
the expected firing rate change as deduced solely from a neuron's speed tuning profile. We also 
investigated the possible effects of spatial and feature-directed attention in our model and 
reproduced psychophysical reaction time distributions under different attentional conditions. In 
particular, we found increasing relative firing rate differences during the transients the stronger 
the attentional modulation was prior to a stimulus change. This effect reversed in the sustained 
phase of the neurons' response, where relative activation decreased with increasing attentional 
modulation. Our finding provides a mechanistic explanation for the shaping and attentional 
modulation of neuronal response transients, and underlines the importance of this dynamical 
mechanism for change detection. 
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Abstract: Our objective was to compare learning in a dynamic self-balancing task when 
gravitational cues relevant to position were present or absent. Subjects sat blindfolded in a device 
that was programmed to behave as an inverted pendulum about the body roll axis, which could 
be either upright or supine. They used a joystick to align themselves to the direction of balance. 
Each subject was tested over twenty 100 second trials on two consecutive days in one of four 
groups (n=10/group). Group 1 had upright balancing on both days; Group 2 had supine balancing 



on both days; Group 3 had upright balancing on the first day and supine balancing on the second 
day, and Group 4 had the opposite order. To quantify learning we used metrics derived from 
phase portraits and stabilogram diffusion function analysis of roll plane motion and joystick 
deflections. Subjects tested upright on Day 1 showed significant improvement, learning to reduce 
the standard deviation of angular position, the frequency of crashes (angular deviations from the 
direction of balance greater than ±600), the magnitude of joystick deflections, destabilizing 
joystick deflections, the overall energy of the system; and learning to increase the intermittency 
of joystick commands and the time interval between short term persistent motion and the long 
term anti-persistent motion. Subjects tested supine on Day 1 showed minimal improvement, 
learning to reduce only the frequency of crashes and destabilizing joystick deflections. While a 
subset of supine subjects showed improvements on Day 1, all supine subjects showed positional 
drift and most reported uncertainty about their position. Subjects tested on Day 2 in the same 
condition as Day 1 (Groups 1 and 2) showed retention of their Day 1 learning. Prior exposure to 
the upright condition did not enhance learning of supine balancing (Group 3), however prior 
exposure to the supine condition did accelerate learning of upright balancing (Group 4). Our 
results indicate that in the absence of gravitation dependent otolith and somatosensory cues about 
dynamic body orientation the ability to balance is significantly impaired. 
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Title: Successful balance training improves memory and spatial cognition 
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Abstract: Physical exercise has been shown to improve memory and spatial cognition and to 
induce structural changes in the hippocampus. In humans, these effects have mostly been studied 
after aerobic exercise. However, it remains unknown whether an increase in cardiovascular 
fitness is a prerequisite for the beneficial effects of physical exercise on cognition. Some findings 



suggest that the vestibular system might mediate this link, as (a) it codes self-motion which is 
inherent in any physical exercise; (b) it provides direct connections to the hippocampus; and (c) 
vestibular lesions have been shown to result in memory and spatial cognition deficits. Physical 
exercises with high demands on balance skills stimulate the vestibular senses while leaving the 
cardiovascular fitness unaffected. Therefore, we examined the effects of a controlled balance 
training intervention on memory and spatial cognition. Healthy adults (N=40, 19-64 years) were 
randomly assigned to a diversified balance training and to a muscle relaxation control group. 
Both groups trained twice a week for three months. Before and after training, participants were 
tested with a dynamic balance task on a moveable platform and a stepwise ergospirometry to 
measure cardiovascular fitness (maximum oxygen uptake, VO2peak). Memory was assessed by 
an auditory verbal paired-associate learning task. Spatial cognition was assessed by small scale 
mental rotation as well as orienting and perspective taking tasks, consolidated into one composite 
spatial score. The balance training group showed significantly higher scores at post-test than at 
pre-test for the balance parameter, whereas the control group did not improve across sessions. 
The increase in balance skills in the balance training group was accompanied by an improvement 
in memory and spatial performance: Whereas there were no differences between groups prior to 
training, the balance training group outperformed the control group in the paired-associate 
learning and in the spatial score after training. There was no change in VO2peak over time in 
either group. The present results suggest that successful balance training improves memory and 
spatial cognition. These findings suggest that a stimulation of the vestibular system might 
contribute to the beneficial effects of physical exercise on neurocognitive functioning, and that 
an increase of cardiovascular fitness is not a prerequisite for these effects. 
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Title: Visual reinforcement of illusory rotation during centrifugation: A novel habituation 
strategy to motion sickness 

Authors: *G. I. BERTOLINI1, J. E. BOS2, D. BRON3, T. FRETT4, E. GROEN2, R. 
HEMMERSBACH4, F. L. WHETS5;  
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3Aeromedical Inst., Duebendorf, Switzerland; 4Inst. of Aerospace Med., German Aerospace Ctr., 
Cologne, Germany; 5Antwerp Univ. Res. centre for Equilibrium and Aerospace, Univ. of 
Antwerp, Antwerp, Belgium 

Abstract: Background: Artificial gravity through centrifugation is currently the only 
countermeasure providing an “Earth-like” solution to weightless health hazards. Every head 
movement during centrifugation, however, may cause motion sickness due to conflicts between 
the perceived direction of gravity and the illusory rotations caused by the vestibular activation 
(Cross-coupling stimulus). Existing habituation protocols are based on repetition of cross-
coupling stimuli. Although they successfully abate motion sickness, they also reduce overall 
responses to rotations. Our aim is to develop a novel habituation strategy to disentangle gravity 
and rotation perception, reducing motion sickness but retaining response to rotation. Methods: 
We tested 19 healthy subjects on the ESA Short Arm Human Centrifuge at DLR, Cologne. The 
control group (CG: 9 subjects, 3 female) performed a normal habituation protocol consisting of 
repetitive 30° clockwise head rolls during centrifugation at 100°/s (1 g at feet). The test group 
(TG: 10 subjects, 5 female) performed an identical protocol, with the addition of visual stimuli 
triggered by head movements providing an illusion of rotation (optokinetic stimuli provided 
through the Oculus Rift) assumed to reinforce the vestibular activation. Motion sickness was 
measured using a 1-20 scale, while an eye tracker embedded in the Oculus Rift recorded the 
vestibulo-ocular reflex (VOR). Habituation measurements were obtained repeating the 
experiment after 24h. Results: 15 subjects (7 CG, 8 TG) were able to complete the experiment. 
No difference between groups was observed in the motion sickness score on day 1 or in the 
reduction of motion sickness from day 1 to day 2 (median [MAD] CG: -4 [2]; TG: -4 [1], 
p=0.78). The CG, however, had a significantly larger reduction of the VOR duration than the TG 
(CG: -4 [1] s; TG: -1 [2] s, p=0.05). Conclusions: Subjects habituate to the cross-coupling 
stimuli during centrifugation even if illusory self-rotation induced by head tilts is sustained by 
visually induced perception of self-rotation. Visually reinforced habituation may however induce 
less reduction of oculomotor response to rotation than classical habituation and may therefore 
better preserve vestibular reflexive responses. 
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Title: The influence of roll tilt on perceptual verticality in children 
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Abstract: Orientation of head and body in the roll plane is known to affect perception of 
verticality causing the so-called A-effect or E-effect, respectively biases towards or away from 
the tilt angle. These effects have been extensively studied in adults focusing on the readout of 
vestibular information and the sensory modality involved in the estimation of verticality. 
Although previous studies have shown that visual and tactile modalities do not optimally 
combine until adulthood and they contribute differently to the perception of stimulus orientation, 
less is known about the role of vestibular information in influencing such perceptual modalities 
during development. To fill this gap, we investigated how head and body roll tilt of 90° relative 
to gravity influences perception of verticality in children (5-13 years). We had participants lying 
on one side and asked them to evaluate stimulus orientation either haptically by touching a 
plastic bar or visually by observing a luminous bar. Participants had to report whether the 
stimulus was tilted more clockwise or counterclockwise compared to verticality. In order to 
control for differences given by age, we performed the same experiment in a group of adult 
participants. For all groups and conditions, we employed an adaptive procedure to select the 
stimulus orientation to be presented thus allowing us to quantify participants’ biases and 
variability in the estimation of verticality. Our findings show different patterns of results 
depending on participants’ age and involved sensory modality. Adults and older children tend to 
show E-effects in the tactile modality whereas the youngest group of participants (5-7 years) 
shows an opposite tendency. Although visual precision tends not to differ across age groups, 
these results suggest a stronger role of vision in perception of verticality in line with previous 
findings showing vision to overcome touch in processing stimulus orientation at the early stages 
of development. Regardless of age, all participants show A-effects in the visual condition with a 
tendency for the youngest participants (5-7 years) to show less pronounced biases. These results 
suggest an effect of age on the processing of vestibular information: idiothetic priors in young 
children seem to be less influential and their reliance on vestibular sensory information might be 
higher compared to adults who instead might rely more on prior experience (e.g. standing 
upright). Overall, these findings throw light on how the brain interprets vestibular sensory 



information at different stages of development considering its role in influencing other sensory 
modalities as visual and tactile. 
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Title: Effects of chronic Purkinje cell silencing on central processing of vestibular self-motion 
signals 

Authors: *T. STAY, J. LAURENS, D. E. ANGELAKI, R. V. SILLITOE;  
Neurosci., Baylor Col. of Med., Houston, TX 

Abstract: The vestibular otolith organs physically cannot distinguish between linear inertial 
acceleration and changes in head position relative to gravity. Previous research advocates that the 
two types of motion are separated centrally by combining otolith information with signals from 
the semicircular canals. Notably, neurons in the cerebellum and vestibular nucleus modulate their 
firing rates to represent linear acceleration or gravitational changes, with a broad range of 
selectivity. Since experimental evidence suggests that cerebellar circuitry is significantly 
involved in the creation of internal models, we hypothesized that processing in the cerebellar 
cortex is necessary for single neurons to differentiate linear translation and gravitational tilt. To 
test this hypothesis, we adapted motion test protocols previously used for macaques to similarly 
test a published conditional genetic mouse line, L7Cre;Vgatflox/flox. Our lab developed this line to 
constitutively prevent cerebellar Purkinje cells from signaling to their targets through GABA. 
We recorded extracellular signals from Purkinje cells in awake mutant and littermate mice 
during combinations of translation and tilt. Our data first indicated that mice typically represent 
the two types of motion analogous to that reported for monkeys. Intriguingly, L7Cre;Vgatflox/flox 
mice also appear to have Purkinje cells which respond selectively to tilt or translation. This could 
be because feedback from Purkinje cell target areas into cerebellar cortex is not required for 
proper self-motion dissociation, or could also be reflecting a functional developmental 



compensation. We are currently examining the vestibular circuit at other times and cell types to 
identify how Purkinje cell signaling shapes proper vestibular sensation. 
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Title: Second-order statistics of self-motion signals experienced by human subjects during 
everyday activities: implications for vestibular processing 

Authors: *M. J. CHACRON1, J. CARRIOT1, M. JAMALI1, K. E. CULLEN2;  
2Physiol., 1McGill Univ., Montreal, QC, Canada 

Abstract: Understanding the neural code remains a central problem in systems neuroscience. 
There is accumulating evidence that the brain's neural coding strategies are constrained by the 
statistics of the natural environment in which the organism lives. Thus, knowledge of natural 
stimulus statistics is essential towards understanding the neural code. Here we investigated the 
statistics of the time varying envelope (i.e. a second-order stimulus attribute that is related to 
variance) of rotational and translational self-motion signals experienced by human subjects 
during everyday activities. We found that second-order stimulus attributes can reach large values 
across all six-motion dimensions (~450 deg/s and ~4 G). Unlike results obtained in other sensory 
modalities, spectral power decreased slowly for low (< 2 Hz) and more sharply for high (>2 Hz) 
temporal frequencies and thus was not well-fit by a power law. We further found that this unique 
structure was not due to biomechanical filtering by the body. Instead, while the power spectra of 
signals resulting from passive self-motion were well-fit by a power law, those of signals 
resulting from active self-motion were not. Our findings have important consequences for 
understanding how natural second-order self-motion signals are processed by the vestibular 
system. 
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Title: Transcranial magnetic stimulation (TMS) of supramarginal gyrus tilts perception of 
upright without changing ocular torsion 

Authors: *A. KHERADMAND1, J. OTERO-MILLAN2, A. WINNICK2;  
1Neurol., Eye Movement/Vestibular Lab., Baltimore, MD; 2Neurol., Johns Hopkins Univ., 
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Abstract: Torsional position of the eyes or ocular torsion affects our perception of upright. Here 
we studied the functional role of the right temporal parietal junction (TPJ) in perception of 
upright by using transcranial magnetic stimulation (TMS). Perception of upright was measured 
by subjective visual vertical (SVV) during head tilt and ocular torsion was recorded 
simultaneously by video-oculography. The continuous theta burst stimulation (cTBS) over the 
posterior aspect of the supramarginal gyrus (SMGp) in 12 right-handed subjects tilted the SVV 
in the opposite direction of the head tilt without commensurate changes in ocular torsion. These 
findings suggest that the inhibitory effect of cTBS at the supramarginal gyrus alters perception of 
upright without changing torsional position of the eyes. 
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Title: Head movements during locomotion in vestibular schwannoma patients: Decreased 
variability after unilateral vestibular lesion 
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Abstract: The vestibular system plays a key role in a wide range of functions from basic reflexes 
to high-level behavior. By detecting head motion and then generating the appropriate reflexes, 
the vestibular system is vital for maintaining balance and stabilizing gaze. In turn, it is well 
known that immediately following unilateral vestibular loss, patients experience impaired 
balance, postural, and gaze control. However, to date, much less is known about the effects of 
vestibular loss on voluntary behaviour. Here, to assess how vestibular loss alters voluntary 
behaviour, we analyzed locomotive behaviour in a group of patients with a diagnosis of 
vestibular schwannoma (VS) who had undergone a primary surgical resection of their tumor via 
suboccipital craniotomy and retrosigmoid approach with sectioning of the vestibular nerve. Head 
movements were recorded before the surgery, as well as 2 and 6 weeks after surgery using a 
micro-electromechanical systems (MEMS) module (Carriot et al., 2014), which combines three 
linear accelerometers (recording linear accelerations along the fore-aft, inter-aural, and vertical 
axes) and three gyroscopes (recording angular velocity about pitch, roll, and yaw). Patients were 
asked to complete the Functional Gait Assessment, and we focused our analysis on short, 15-30-
second-long gait tasks including: normal walking, walking with eyes closed, and walking 
backwards on a level surface. We then compared pre-operative and post-operative data to 
determine if and how patient’ movements were altered. We quantified gait speed, gait cycle 
asymmetry, and gait variability. Surprisingly, we found that locomotor speed actually increased 
six-weeks post-surgery as compared to pre-operative testing, and that movement asymmetry did 
not change. Furthermore, although previous studies using age-matched controls have found 
increased variability in gait, we found that this was not the case when using the pre-operative 
patient as their own control. Instead, movement variability was lower two weeks after the 
surgery than before the surgery. Specifically, the standard deviation of both linear acceleration 
and angular velocity in all dimensions (up-down, left-right, fore-aft, roll, pitch, and yaw) 
consistently decreased after surgery. Variability is often seen as the result of noise in the nervous 
system, however it has been shown that variability could contribute to motor learning. Taken 
together, our results suggest that variability is an important indicator of how patients are adapting 
to altered motion and the recovery process. 
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Abstract: During every day activities, self-motion is sensed by the vestibular system, which 
contributes to an impressive range of brain functions from the most automatic reflexes to spatial 
perception and motor coordination. It is generally assumed that sensory systems efficiently 
encode natural stimuli using coding strategies that are adapted to the statistics of the environment 
in which the organism lives. However, to date, sensory coding has been primarily studied using 
artificial stimuli. We recently characterized natural vestibular stimuli during everyday activities. 
One of the characteristic of these stimuli is their multidimensionality and the simultaneous 
activation of the canals and otolith organs. How these signals are integrated when the head 
motion is perform in the horizontal plane versus in the vertical plane remain unknown. We 
characterized the response of the vestibular only (VO) neurons receiving input from otolith 
and/or semicircular canal afferents. We recorded from central vestibular neurons in response to i) 
translation (otolith stimulation), ii) rotation in the horizontal plane (horizontal canal stimulation), 
iii) Tilt-translation (vertical canal stimulation), iv) multidimensional stimuli (in the horizontal 
and vertical plane), and v) while the monkey was generating comparable self-motion. Consistent 
with previous results, we found that the firing rate response to unidimensional stimuli was 
accurately estimated by a typical linear model, which could account for up to ~95% of the 
variance in the data. In contrast, during multidimensional motion, VO neurons sub-additively 
integrated the translational and rotational inputs rather than simply adding the otolith and canal 
afferents information. This sub-additivity was comparable in the vertical and horizontal plane 
(p<.05). Finally, we found that neuronal responses were significantly attenuated (~75%) during 
self-generated vs passively applied movements. Taken together, these findings provide insights 
into the underlying processing required for the integration of rotational and translational inputs in 
the vestibular system and are key for understanding the neuronal mechanisms required for 
accurate posture and motor control, as well as perceptual stability during everyday life. 
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Abstract: Sensations of self-motion, whether real or illusory, may be accompanied by reflexive 
eye-movements or changes in eye position. There are contradictory reports regarding the 
presence of these ocular correlates during auditory vection or illusory self-motion perception. 
Both ears (pinnae) from ten subjects were cast in silicone rubber. The silicone ears were mounted 
on a mannequin head and microphones were placed on the medial side of the silicone auditory 
canal. The ambient sounds of the laboratory and a variety of preprogramed sound stimuli created 
a soundscape that was acquired by these microphones, amplified and played to the subject 
through headphones as they sat in a dark booth within the laboratory to isolate them from other 
sound. Thus, the subject heard the soundscape as if he or she were at the position of the 
mannequin head with the sound filtered by their own pinnae. All subjects perceived the sounds 
as external to their head and could accurately localise their sources. We rotated the mannequin 
head in yaw at 2 constant speeds (20 and 50 degrees/s) and asked subjects to report their 
perceptions of self-rotation by clicking a button every time they had rotated 45 degrees. Left eye 
position was recorded using an EyeSeeCam video-oculography system (EyeSeeTech, Germany). 
Nine subjects reported feeling some self-motion, all as yaw rotations, in a total of 104/132 trials. 
Nystagmus was not observed, although eye deviations in the direction of perceived rotation 
resulted in significant (p<0.05) correlation between eye position and perceived rotational 
velocity in 40 % of the trials where subjects felt movement. These eye position deviations had 
amplitudes up to 20 degrees and were akin to the “shift of beating field” that often accompanies 
nystagmus evoked by vestibular or visual stimuli - a phenomenon shown to depend on the 
orientation strategy used by the subject, but never previously reported in the absence of 
nystagmus. An alternate explanation may be that perception of rotational motion in the absence 
of a dynamic vestibular stimulus is interpreted by the vestibular system as a static vestibular 
stimulus with an ocular response akin to the otolith-mediated head tilt response. 
The presence of eye position deviations in the absence of nystagmus suggests that this eye 
movement is either a residual component of suppressed nystagmus or it is driven by a separate 
mechanism. 
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Title: The effect of 30-hr acute sleep deprivation on psychomotor vigilance and a Mars rover 
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Abstract: Increases in variability of docking misalignment have been observed in astronauts 
during a Mars rover simulation following long-duration spaceflight. The objective of this study 
was to examine the effect of 30-hr acute sleep deprivation on this simulation using ground 
control subjects to determine the influence of sleep loss independent of post-flight neurosensory 
adaptation. Nine subjects (39 ± 11 yr; 4F/5M) participated in three baseline laboratory sessions, a 
30-hr sleep deprivation period, and a post-sleep deprivation laboratory session. The rover 
simulation consisted of a serial presentation of tasks that were self-paced to be completed as 
quickly and accurately as possible. The tasks consisted of (1) perspective-taking, using a map 
that defined a docking target, (2) navigation toward the target over simulated Martian terrain, and 
(3) docking a side hatch of the rover to a visually guided target. The simulator used a Stewart-
type motion base (CKAS, Australia), a single-seat cabin with triple scene projection, and a 
joystick controller. Throughout the 30-hr sleep deprivation period, subjects reported subjective 
sleepiness via the Stanford Sleepiness Scale (SSS) and performed a 3-minute Psychomotor 
Vigilance Test (PVT) administered on an iPad (Joggle Research). The SSS and PVT were 
completed at 5-hr intervals during the first 10 hours, 2-hr intervals during the next 10 hours, and 
1-hr intervals during the final 10 hours, with the last ones completed in the lab just prior to the 
rover simulation. There was a significant increase in SSS during the sleep deprivation period. 
Although mean SSS reported in the lab was slightly reduced from the last one reported at home, 
this 30-hr SSS was still significantly higher than that reported in the baseline sessions. The PVT 
mean reaction time (mRT) scores were significantly related to SSS, and were therefore used as 
the main outcome variable for the PVT. There was a significant increase in the mRT during the 
sleep deprivation period; however, the mRT at 30 hr in the lab was not different than the first 
mRT obtained at the beginning of the sleep deprivation period. There was also no significant 
change in any of the Mars rover simulation parameters between the last baseline session and the 



post-acute sleep deprivation session. These results suggest that subjects had remained as vigilant 
during the lab session following the 30-hr sleep deprivation period as they were during the final 
baseline session, although they were subjectively more tired. We conclude it is important to 
control for behavioral alertness when testing for the neurosensory consequences of sleep loss. 
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Abstract: Precise motion control is critical to human survival, whether running from prey on 
soft ground at night or piloting a spacecraft when landing on the moon. Sensorimotor responses 
and perception are inherently imprecise, and the sources of imprecision are not well known, nor 
are the functional implications of this imprecision. For example, there is disagreement about 
whether sensory imprecision dominates visual tracking, or if motor imprecision also contributes. 
Likewise, modeling has suggested that vestibular sensory imprecision contributes to postural 
instability. To more directly address these questions, we determined whether vestibular 
perceptual thresholds, which have substantial inter-subject variation, predict performance in a 
“vestibular” manual control task. In this task, subjects attempted to keep themselves upright 
using a control joystick to null out pseudo-random, head-centered roll tilt motion disturbances in 
the dark. Furthermore, we examined whether behavioral precision would change in an altered 
gravity environment. The “G level” was manipulated using rotation of a short-radius centrifuge, 
with roll tilt motion and the chair configured so that the manual control task occurred relative to 
centripetal accelerations of 0.5, 1.0, 1.3 G. Manual control performance was quantified by taking 



the standard deviation of the chair position (i.e. worse nulling corresponded to less stability in 
chair position). Vestibular precision was quantified using direction recognition thresholds, the 
minimum movement that one can reliably distinguish as leftward vs. rightward. Subjects were 
roll tilted using a single-cycle acceleration trajectory in each of 100 trials. We selected a 5 s 
motion, with the majority of frequency content at 0.2 Hz, because prior work shows 
contributions of both the otolith organs sense of tilt angle and semicircular canals’ sense of 
angular rotation at this frequency. Motion amplitudes were selected by a 3-down, 1-up adaptive 
staircase. Thresholds were estimated by fitting a cumulative Gaussian psychometric curve to 
subject response. A positive, linear correlation across subjects was found between manual 
control variability and vestibular thresholds (p<0.01) in the 1.0 G baseline. This suggests that 
sensory precision is a limiting factor in manual control performance. Additionally, manual 
control performance was 12.7% lower in 1.33 G (p<0.05) and 37.5% higher in 0.5 G (p<0.05), as 
compared to 1 G. The increased variability in 0.5 G may be due to decreased otolith shear force 
causing a decrease in sensitivity to tilt angles, with the converse occurring in 1.33 G. 

Disclosures:  M.J.F. Rosenberg: None. R. Galvan-Garza: None. T.K. Clark: None. D.P. 
Sherwood: None. L.R. Young: None. F. Karmali: None. 

Poster 

714. Balance, Posture, and Orientation 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 714.13/JJ15 

Topic: D.07. Vestibular System 

Support: NIH/NIDCD R01-DC014924 

 R03-DC013635 

Title: Does decision-making reflect high-pass filter contributions? 

Authors: *D. M. MERFELD1, F. KARMALI2, T. LEEDER2, K. LIM2;  
1Otol & Laryngol, 2Harvard Med. Sch., Boston, MA 

Abstract: Decision-making is a crucial aspect of cognition that impacts a broad range of fields. 
Recent vestibular threshold data showed a pattern of increasing thresholds when the frequency of 
applied single cycles of sinusoidal acceleration fell below about 1 Hz (1-4). While both 
perceived rotation measured via magnitude estimation (5) and peripheral transduction (6) show 
similar high-pass filter characteristics, the variation of thresholds as a function of frequency 
showed a much higher cut-off frequency (i.e., much lower time constant) than either perceived 



rotation or peripheral transduction. These threshold variations as a function of frequency have 
been hypothesized to be consistent with the contributions of a high-pass filter (i.e., a neural 
mechanism that filters out low frequency signals) as part of the decision-making process (7-8). 
But at least two other related mechanisms - the addition of an urgency signal (9) and decision-
boundaries that decrease with the passing of time (10) - might contribute to this observed 
threshold pattern. To test the contributions of these different hypothesized mechanisms, we chose 
to perform binary fixed-duration forced-choice tasks while rotating subjects about earth-vertical. 
Specifically, we varied the motion trajectory shape while maintaining the stimulus duration 
constant at 2 s with the peak stimulus velocity always occurring 1 s after the beginning of the 
motion. By maintaining stimuli at a constant duration, the impacts of an urgency signal and 
reductions in decision boundaries would be expected to be similar for different stimulus 
trajectories (i.e., be independent motion trajectory shape). In contrast, the high pass filter 
hypothesis forecasts predictable threshold variations as the shape of the motion trajectory is 
varied. To test these model predictions, we utilized different stimulus trajectory shapes, 
including bell-shaped velocity trajectories, triangular velocity trajectories, and parabolic velocity 
trajectories. We found that the thresholds were consistently higher for triangular velocity 
trajectories than for bell-shaped velocity trajectories. These results are consistent with the 
contributions of a high-pass filter to the decision-making process. (1) Grabherr, 2008 Exp Brain 
Res 186: 677-681. (2) Soyka, 2011 Exp Brain Res 209: 95-107. (3) Coniglio, 2014 J Assoc Res 
Oto 15: 305-317. (4) Valko, 2012, J. Neurosci, 32:13537-42. (5) Bertolini, 2011, J Neurophys 
105: 209-223. (6) Goldberg, 1971 J Neurophys 34:635-660. (7) Merfeld, 2016, J Neurophys 
1:39-59. (8) Lim, 2012, Exp Brain Res 222:303-320. (9) Churchland, 2008, Nat Neurosci. 
11:693-702. (10) Drugowitsch 2012, J. Neurosci 32:3612-28. 
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Abstract: The vestibular system provides information for spatial stability and the percept of 
verticality. A stationary subject, seated upright, can align the orientation of a visual line to the 
direction of gravity with an accuracy better than 1 degree. A complexity arises when subjects are 
in motion. Because the otoliths sense the gravito-inertial force, they cannot distinguish 
gravitational and inertial accelerations. As a consequence, prolonged linear acceleration of the 
head can be interpreted by the brain as a tilt, even though the head does not rotate. In this study, 
we tested the dynamics of this illusion by probing the percept of the visual vertical (subjective 
visual vertical, SVV) during passive linear head motion. Human subjects were sinusoidally 
translated (f=0.4 Hz, 3.5 m2/s peak acceleration, 60 cm peak-to-peak displacement) along an 
inter-aural axis using a vestibular sled. While they kept fixation on central body-fixed light, a 
line was briefly flashed (5 ms) at different phases of the motion. Using a psychometric approach, 
subjects judged the orientation of this line relative to gravity. So far, we have tested 5 subjects. 
Their results show a phase- dependent modulation of the SVV, with a stronger bias of the SVV 
at peak acceleration than at peak velocity. These findings provide evidence that the SVV is 
modulated by self-motion signals, presumably reflecting the brain’s interpretation of the otolith 
signal. Our observations are consistent with the prediction from the modeling work of Laurens 
and Droulez, 2007 [1]: the vestibular canals and otolith signals are integrated in a statistically 
optimal fashion reproducing the rules of Bayesian inference. 
References: 
[1] Laurens J, Droulez J. Bayesian processing of vestibular information. Biol Cybern. 2007; 
96:389-404. 
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Abstract: Judging the position of external objects relative to the body is essential for interacting 
with environments. For instance, a tennis player has to quickly select a forehand or backhand 
shot based on the location of the ball in respect of the body. Thus, egocentric spatial 



representations must be processed rapidly for successful control of actions. Clinical reports have 
suggested vestibular contributions to egocentric spatial representation. However, most of these 
studies estimated the perceptual “subjective center” of the body. It remains unclear whether 
vestibular-based egocentric representations also contribute to on-line selection of rapid actions. 
Importantly, vestibular signals could also affect visual perception and motor execution. This 
raises further questions regarding which processing stages along the visual-motor processing 
chain are effectively modulated by vestibular signals. To address this issue, we systematically 
explored how vestibular inputs contribute to rapid vision-body-motor processing. A visuomotor 
task was combined with low intensity Galvanic Vestibular Stimulation (GVS, 1mA square-
wave). L-GVS (Left anode and right cathode), R-GVS (right anode and left cathode), or sham-
GVS were delivered while participants judged whether a briefly-flashed visual stimulus was 
located to the left or right of their body-midline. They had to press as fast as possible a button 
located on their left or right side accordingly. To directly examine the effect of GVS on effector 
selection, the task was performed with hands uncrossed or crossed in different blocks. The 
results showed that GVS polarity influenced the subjective perception of body midline: L-GVS 
biased the subjective body midline toward the left, while R-GVS induced a bias in the opposite 
direction. This bias was not modulated by crossing the hands, ruling out explanations based on 
GVS affecting the effector selection processes. Explanations based on visual localization were 
also ruled out in an additional control experiment. Taken together, our results indicate that 
egocentric representation is strongly modulated by vestibular signals without the actual motion 
of the body or head. The findings support a model of egocentric representation centered on the 
body midline, and implemented by the balance between sensory signals in the left and right 
hemispheres. The vestibular systems calibrate an egocentric spatial frame, which allows on-line 
action selection for rapidly interacting with the external environment. 
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Abstract: Our perception of visual world stays stable despite substantial retinal image motion 
due to the thousands of saccades that we make each day. Research suggests that higher-order 
prefrontal and parietal areas contribute to the maintenance of visual stability across saccades. 
Because higher-order areas lack the visual feature selectivity of early sensory areas, it has 
remained unclear how visual representations are preserved during the disruption of retinal input 
due to eye movements. We measured the receptive fields (RFs) of neurons in the middle 
temporal (MT) area of two rhesus monkeys before, during, and after a visually guided saccade 
using brief pseudo-random flashing probes. The flashing probes appeared on the screen in a grid 
covering both the pre- and post- saccadic RFs, as well as the initial fixation point and the saccade 
target. Each probe appeared at pseudo-random locations for 7ms enabling us to precisely map the 
neuron's RF around the brief period of saccade execution. We found that MT neurons exhibit a 
persistent visual activity during eye movements: when the flashing probe appears within the 
neuron's RF very near to the time of the saccade onset (-10 to +10 ms) some MT neurons exhibit 
a response that starts with the usual latency of the MT neuron but persists across the saccade and 
even after the eyes have landed. Such persistent activity during eye movements could serve as an 
extrastriate mechanism for preserving visual information across saccades. This activity could 
contribute to perceptual stability across saccades, maintaining the pre-saccadic representation 
until the post-saccadic one is formed. In order to examine this idea, we employed an explicit 
probabilistic model in the generalized linear model (GLM) framework, which enables us to 
create a readout of the visual scene during eye movements based on MT spike trains. This 
encoding and readout modeling framework suggests that the persistent activity is necessary for 
trans-saccadic integration of the visual representation. 
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Title: Memory for retinotopic locations is more accurate than memory for spatiotopic locations, 
even when intending to reach. 

Authors: *A. SHAFER-SKELTON, J. D. GOLOMB;  
Dept. of Psychology, The Ohio State Univ., Columbus, OH 

Abstract: In order to successfully interact with objects, we must maintain stable representations 
of their locations in the world. However, their images on our retina may be displaced several 
times per second by large, rapid eye movements. Are we able to form a seamless world-centered 
(spatiotopic) representation of objects’ locations across eye movements? Surprisingly, Golomb 
& Kanwisher (2012 PNAS) found that memory for an object’s location is more accurate and 
precise in gaze-centered (retinotopic) than world-centered (spatiotopic) coordinates, and that the 
accuracy of spatiotopic but not retinotopic memory deteriorates with each eye movement. This 
suggests that the native coordinate system of visual memory is retinotopic. We used a human 
behavioral paradigm to investigate whether the intention of acting on an object’s location could 
improve memory for its spatiotopic location. Twelve participants were asked to remember a 
spatial location across a short delay. During the delay, they completed a variable number of eye 
movements (0-2). Participants completed four versions of this task in separate sessions (with 
session order counterbalanced across participants); they reported either the retinotopic or 
spatiotopic location, either using a mouse to click on the remembered location (as in Golomb & 
Kanwisher, 2012) or using their finger to interact directly with the touchscreen. We replicated 
Golomb & Kanwisher’s original results. Critically, we found the same pattern of results in the 
reaching task. These results further support the hypothesis that spatial memory is natively 
retinotopic; we found no evidence that the intention to act on an object improves spatiotopic 
memory across saccades. How, then, do we successfully act on objects in the world? One 
possibility is that the rich information contained in visual scenes could serve as landmarks that 
could facilitate the creation of more seamless spatiotopic representations. Further research could 
explore whether and what types of object and/or scene information might contribute. 
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Abstract: How the brain maintains the stability of visual perception across saccades is one of the 
oldest questions in systems neuroscience; accurately characterizing visual responses in this 
perisaccadic period is an important step towards understanding how the visual world is 
represented during saccades. We recently developed a probabilistic model in the Generalized 
Linear Model (GLM) framework to characterize and predict the pre-, trans-, and post-saccadic 
responses of single middle temporal (MT) neurons at the level of single-trial spike trains. Here 
we report an extended form of the model incorporating statistical dependencies of MT responses, 
such as the correlations between neurons as well as the local field potentials (LFPs). The 
responses of multiple neurons within the MT cortex of macaque monkeys were simultaneously 
recorded using linear array electrodes. The animals were performing a visually-guided saccade 
task while a set of probes flashed in pseudorandom positions around the estimated receptive field 
(RF) of the MT neurons during fixation and saccade execution. Probe presentations were brief, 
enabling us to characterize the spatiotemporal RF changes with a temporal resolution higher than 
the saccade execution time. The responses of these neurons to drifting Gabor gratings were also 
recorded during a fixation task to determine the motion sensitivity of individual neurons as well 
as the correlations between neurons. To characterize the time-varying information carried by MT 
neurons, we fit the spiking response of an MT neuron to an extended GLM, consisting of a set of 
linear kernels to mimic the spatiotemporal properties of the MT neurons' RFs, a set of saccade 
kernels to account for the changes in stimulus sensitivity induced by eye movements, an offset 
kernel to account for time-varying baseline activity relative to the saccade, a post-spike kernel to 
account for dependencies on spiking history (such as refractoriness, burstiness, and adaptation), 
and finally, a set of coupling kernels to account for correlations between neurons. In addition to 
visual information, the input to this extended model includes the spiking response of other 
neurons and the LFP, which may provide additional information about brain state or cognitive 
factors. The model allows us to predict the responses of MT neurons to a variety of visual stimuli 
around the time of the saccade. This in turn enables us to test the contribution of specific 
perisaccadic changes in neuronal responses to the representation of the visual scene during eye 
movements. 
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Abstract: Abstract: The most common form of perceptual rivalry is visual system binocular 
rivalry (BR), which has been known since the 18th century. Binocular rivalry is characterized by 
perceptual alternation (BRPA), where perception alternates between stimuli presented separately 
to the eyes. Binocular rivalry appears to be a stochastic neural process, but under a modicum of 
dynamic conscious control. While the brain substrate of BRPA is not clearly identified, fMRI 
studies suggest that it originates in brainstem structures (Pettigrew et al., 2001), but involves 
neural competition at multiple levels of the visual pathway (Freeman et al., 2005; Wilson et al., 
2003). The aim of this study was to determine if BRPA can be modulated by stimulus 
complexity, arousal and the psychostimulant caffeine. In addition, we also evaluated the effects 
of caffeine on color afterimages. Experiments were performed in 306 college-age (20-27 yrs) 
male and female subjects with a program that logged keyboard presses whenever the subject 
indicated the perception of red or blue arrows vs red or blue generic faces presented to the eyes 
separately via superimposed images through red/blue 3D anaglyph glasses in a 2 min session. 
There was no significant difference in BRPA between male and female subjects (28.2 ± 0.8 
alternations/min in males vs 29.4 ± 1.1 alternations/min in females). BRPA was significantly 
slower when the subjects viewed the images of faces vs arrows (p<0.01), and significantly faster 
following hyperventilation for 2 min (p<0.05) or 30 min after the consumption of 1 mg/kg 
caffeine (p<0.05). In a separate study, undergraduate students (n=31, age range: 18-24 years) 
with a history of regular caffeine consumption were tested on opponent color processing 
(green/red, magenta/cyan, blue/yellow) and BR (arrows vs faces) tasks after three levels of 
conditions: placebo, low (1mg/kg) and high (5mg/kg) dose of caffeine. The results show a 
biphasic response with low and high dose caffeine as well as a wavelength sensitivity, with blue-
yellow afterimages enduring longer at high dose F(2,180) = 31.69, p < 0.01, η² = 0.26 and 
increase in perceptual alternation time F(4,556) = 6.77, p < 0.05, η² = 0.05 with an overall 
interaction effect between conditions and color type F(4,180) = 8.40, p < 0.01, η² = 0.15. Taken 
together, these findings provide strong evidence that BR is modulated by the complexity of the 
stimulus and the degree of physiological arousal and that psychostimulants increase the rate of 
perceptual switching but have a dose-related biphasic effect on the endurance of color 
afterimages. Studies are ongoing to elucidate electroencephalographic correlates of BR. 
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Title: Parahippocampal gyrus neurons in the monkey respond to stimuli in the entire visual field 
except for the foveal region. 
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Abstract: When we enter a new environment we immediately and automatically establish a gist 
memory of that environment, so that we can, with our eyes closed, point at or look at salient 
objects in the new space. Patients with parietal cortical lesions can locate objects in the room 
with their eyes open, but cannot do so with their eyes closed (Levine, 1985). Place cells in the 
hippocampus (O’Keefe & Dostrovsky, 1971) represent an environmental memory, and neurons 
in the FEF (Umeno & Goldberg, 2001) and LIP (Steenrod & Goldberg, 2009) demonstrate this 
environmental memory. One pathway by which the spatial memory signal of the hippocampus 
could reach the parietal cortex is by way of the parahippocampal gyrus (PHG), area TF. Here we 
sought to evaluate the spatial properties of neurons in PHG in order to understand what they 
might contribute to the process of spatial memory.We recorded the activity of neurons in PHG 
adjacent to visual area TE in an awake Rhesus monkey performing fixation, memory- and 
visually-guided delayed saccade tasks (electrodes located at +2 AP, +15 ML stereotactically). 
We found a class of neurons with very fast visual latencies (50-70 ms). In the area in which they 
were found, every cell in a vertical penetration exhibited the same properties. The cells respond 
to stimuli throughout the visual field, as far as we could measure (250 in the periphery) with the 
salient exception of the 2.5-50 around the center of gaze. The onset of the visual response over 
trials jitters a few milliseconds (+/- 5 ms). The cells responded to visual stimuli of various sizes, 
a tiny dot to several degrees diameter - with larger probes evoking larger (higher peak, and a 
little longer) responses. The cells were not selective for color, orientation, or shape, and gave 



equal responses from either eye. There is no systematic variation in the maximums, means and 
latencies of the visual responses when probes are presented ipsi/contraletrally. They did not 
distinguish between visual probes in the fixation task and saccade targets, except when the 
monkeys made a visually guided saccade the saccade target, now in the fovea, suppressed the 
response.The role of such large receptive fields with a hole around the fovea might be to 
suppress the response of the PHG to unattended stimuli. The majority of the neurons have 
‘ambiguous’ waveforms according to the Shin and Sommer (2012) criteria for frontal eye field 
neurons, circumstantial evidence that they might be inhibitory neurons. 
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Title: Perceptually-driven rightward saccades for detection of lateralized visuospatial attention 
system 
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Abstract: [Introduction] Neuroimaging and psychological studies in neurologically normal 
adults have demonstrated right-lateralized visuospatial attention system. However, the 
lateralization remains unknown during early childhood because of methodological constraints. 
To estimate the lateralization for infants, we have invented a brief task that elicits initially a 
perceptual-driven saccade and subsequently predictive saccades. To check the task’s 
significance, we examined the association of the task with line bisection test, a lateralization test 
for perceptual attention, in adult subjects. [Methods] Participants were 57 right-handed adults. A 



target steps between two horizontal fixed locations at a fixed time interval. The first saccade was 
leftward for half of the subjects and rightward for the remaining half. They were just instructed 
to follow the target. They did not know the timing of the target appearance at the first saccade 
but, in the following saccades, they began to anticipate the appearance of the target and more 
rapidly make a saccade towards the expected location. Saccades were monitored using a remote 
eye-tracker and the latencies were analyzed separately for rightward and leftward saccades. We 
hypothesized that the first saccade is perceptually driven while the following predictive saccades 
are more internally generated and less perceptual. Thus, the latency of the first saccades 
subtracted by that of the following saccades could represent the processing time required for the 
perception of the target presented in a hemi-field. [Results] As expected, latency rapidly 
decreased from the first to the following saccades. In line bisection test, participants showed 
variable biases, but as a whole, a slight left deviation. For rightward saccades, a longer 
subtracted latency corresponded to a greater deviation toward the left in line bisection. For 
leftward saccades, there was no such correlation. [Discussion] The longer subtracted latency for 
rightward saccades indicates that more time is required for the perception of the target in the 
right-field. Such individuals could have less left hemispheric function than right function, and 
perceptually underestimate the right-side of the line, bisecting the line with left deviation. In 
contrast, the absent correlation for leftward saccades may be accounted for by the classical 
theory that the right hemisphere is not directionally biased compared with left hemisphere. This 
brief task will reveal whether the hemispheric lateralization of visuospatial function already 
exists during early childhood. 
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Abstract: Cortical control is known to be critical in driving horizontal gaze. The frontal eye 
fields have been studied both in non-human primates, where they have been localized to 
Brodmann area 8, and in humans, where there remains some debate regarding their precise 
localization. Cortical control for vertical gaze, if present, remains obscure; the lower motor 
neurons for cranial nerves 3 and 4 are known to be triggered by the Rostral interstitial nucleus of 
the medial longitudinal fasciculus (riMLF) with support from the Interstitial nucleus of Cajal 
(iNC). We examined the electrocorticographic correlates of both horizontal and vertical 
conjugate eye movements in 90 epilepsy patients undergoing invasive monitoring, who 
performed a task engaging the extraocular muscles in ballistic eye movements as well as smooth 
pursuit. We found that both tasks activated visual cortex. The horizontal gaze task preferentially 
activated superior temporal cortex (BA 41 and 22), while the vertical gaze task preferentially 
activated posterior temporal cortex (BA 37). 
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circuit 
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Abstract: A common feature of the ventral thalamus of birds is the presence of a group of 
retino-recipient and somatosensory structures located adjacent to each other. This includes the 
intergeniculate leaflet (IGL), n. geniculatus lateralis pars ventralis (GLv), n. ventrolateral thalami 
(VLT) and n. intercalatus thalami (ICT). These structures have in common an absence of 
projections to the telencephalon, together with efferent projections to the pretectum, tegmentum 
and pontine targets. Although the general connectivity is known, detailed morphology and 
connectivity pattern is still elusive. Here, by means of intracellular filling technique, we focused 
on two neural structures, namely, the retino-recipient neuropil (ne) of the GLv, and the adjacent 
somatosensory nucleus ICT. We found that the GLv-ne cells showed two different neuronal 
types: projection cells and horizontal interneurons. The projection cells showed a variable 
morphology and dendritic arborization with axons that target the n. lentiformis mesecephali 
(LM), griseum tectale (GT) and ICT. The horizontal cells showed a widespread medio-lateral 



dendritic arborization throughout the retino-recipient GLv-ne. The ICT cells on the other hand, 
showed multipolar somata with a projection pattern that targets the GLv-li, n. laminaris 
precommissuralis (LPC), GT and TeO. Together, these results add more complexity to the 
tangled connectivity pattern so far described between the GLv, ICT, LM, GT and TeO. 
Interestingly, the implication of some of these neural structures in visuomotor and 
somatosensory functions suggests that these nuclei may form part of a bimodal circuit involved, 
among other tasks, in the generation/modulation of saccades, gaze control and space perception. 
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Abstract: Vision plays a crucial role in guiding locomotion, especially in complex 
environments. However, the relationship between gaze behaviors and phases of the stride is not 
well understood. We investigated gaze behaviors of cats walking in four conditions: (1) on a flat 
surface in darkness or (2) in the light, (3) on a horizontal ladder or (4) on a pathway cluttered 
with small stones. We recorded vertical and horizontal eye movements and 3-D head and 
forelimb movements, and calculated where the cat’s gaze intersected the walkway. Movements 
of the gaze intersect point were classified into four categories: gaze shifts away from the cat, 
gaze shifts toward, fixations, and constant gaze. Occurrences of gaze behaviors were correlated 
with phases of the stride. 
We found that even during walking on the flat surface in the dark, most gaze behaviors were 
coordinated with strides. Toward gaze shifts typically began just before the initiation of a 
forelimb’s swing or during the first 1/3 of the swing and ended in the middle of swing phase. 
Away gaze shifts began throughout the second half of swing of each forelimb and ended when 
both forelimbs were in stance. Fixations peaked in the middle of each forelimb’s swing phase, 



roughly between the end of gaze shifts toward and beginning of gaze shifts away. Constant gaze 
had no clear relation to strides. 
Introducing light markedly increased synchronization of gaze behaviors with strides. Toward 
gaze shifts only started in the first 1/3 of swing phase, while away gaze shifts started in the last 
1/3 of this phase. Fixations occurred throughout most of each forelimb’s swing phase, except 
near the end when constant gaze dominated. Few fixations were seen during the transition from 
swing to stance. 
Walking on the horizontal ladder requires vision (Beloozerova and Sirota, 2003). On the ladder, 
gaze behaviors were even more synchronized with strides. Toward gaze shifts were confined to 
the beginning of swing phase. They were followed by fixations, which in turn were followed by 
away gaze shifts. Constant gaze was also highly synchronized with strides in two of three cats, 
occurring during the transitions from swing to stance phases of each forelimb. 
Gaze behaviors during walking on a surface cluttered with many small stones were similar to 
those observed on the ladder. The most prominent difference was that constant gaze occurred 
slightly earlier in the cycle, at the end of the swing phase. 
We concluded that gaze is synchronized with strides even when vision is unavailable or 
unnecessary for successful walking. This synchronization increases when vision is available and 
further increases on a complex terrain when accurate stepping is required. 
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Abstract: The superior colliculus (SC) is a phylogenetically old midbrain structure that plays a 
central role in vision, attention, and orienting. The SC has visual representations in the 
superficial-layers (SCs), and sensorimotor representations linked to the control of eye 



movements and attention in the intermediate-layers (SCi). Cognitive and computational 
neuroscience postulates the existence of a visual saliency map that guides visual orienting 
towards the most visually conspicuous stimuli, and a priority map that combines bottom-up 
saliency and top-down relevance to allow internal processes such as goals and expectations to 
also guide behavior. We hypothesize that the SCs embodies the role of a bottom-up saliency map 
while the SCi embodies the combined priority map. To test this hypothesis, we compared SCs 
and SCi activity in response to task-irrelevant salient stimuli. Monkeys viewed a wide-field 
arrangement of stimuli (210 radially-arranged items spanning ~40-50deg) extending beyond the 
classic receptive field (RF). The stimuli were oriented color-bars (~0.4x1.2deg) that formed a 
perceptual “pop-out” array the monkeys had to ignore; i.e., reward was contingent upon 
maintaining gaze on central fixation. We compared visual representations in SCs and SCi when 1 
to 4 salient pop-out stimuli appeared equally spaced within the array. We also compared this to 
an array of homogenous items with no pop-out. Only SCs neurons showed a reliable preference 
for the visually salient but goal irrelevant pop-out stimulus. Also, this representation in the SCs 
was the same in the presence of 1 to 4 pop-out items. It is important to note that the pop-out 
stimuli in the present task was goal IRRELEVANT. In the SCi, we only observed a response to a 
single salient pop-out stimulus; this response was absent once there were 2 or more salient pop-
out items. Next, we will examine how activity in the SCs and SCi changes when the salient 
stimuli become also goal RELEVANT by being the target of a saccade that will lead to differing 
amount of reward. 
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Abstract: Faces attract and retain attention more than other objects. Here we used functional 
magnetic brain imaging (fMRI) to investigate how the functional coupling between oculomotor 
brain regions and visual brain regions is modulated when participants look towards or away 
visual stimuli belonging to different categories. We scanned 23 healthy adults volunteers in an 
event-related design intermixing pro- and antisaccades towards or away either faces or cars. Each 
individual completed six runs of 40 trials. We also acquired a high resolution We identified 
regions of the oculomotor network and of the face- perception network using coordinate-based 
meta-analyses of brain imaging studies. We For each functional region we defined a sphere of 6 
mm radius around the coordinate of maximum likelihood activation and computed the average 
signal across the voxels witin the spahere. Then we used psychophysiological interaction 
analyses to test how the different conditions affect the functional coupling between nodes within 
and between these two networks. We observed increased functional connectivity during 
antisaccades away from faces compared to cars (i) between the frontal eye-field (FEF) and 
posterior oculomotor regions. (ii) between the insula and the amygdala and middle temporal 
temporal gyrus (i.e within the face network); (iii) and between the right frontal eye field and a 
region of the left inferior frontal gyrus. 
These data suggest that the functional connectivity within the oculomotor network is increased in 
presence of a socially salient stimulus such as a face. Likewise the functional organization of the 
face network and its interaction with the FEF is modulated by the oculomotor task, but mainly 
with respects to the nodes that are more commonly associated with the perception of emotional 
facial expressions. These data highlight specific neural bases to the increased attentional demand 
induced by orienting towards or away from faces as compared to other objects. 
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Abstract: An object moving in the peripheral visual field triggers a saccade which orients the 
gaze toward its location, even though the target-evoked retinal activity consisted of a brief and 
transient streak. How does the brain transform time-varying signals into a saccade landing 
position? A recent study showed that this transformation depended upon the target location, the 
speed of its motion and the rate of change in speed. When the saccades were made in response to 
a transient target that accelerated (from 0 to 40 deg/s) in the peripheral visual field, a linear 
relation was found between the landing positions of saccade and their response times (delay 
between target onset and saccade end). This relation had a slope which was close to the terminal 
speed of the target (Quinet & Goffart 2015). We investigated further this dependency by testing 
in three head-restrained monkeys, the saccades made in response to a target which accelerated to 
a larger range of maximum speeds (from 20 to 180 deg/s). Like in the previous study, the 
saccades were initiated from a fixation target located straight ahead that the monkeys had to 
fixate for a variable interval. Then, a transient moving target (duration=200ms) appeared in the 
upper or lower visual field (16° above or below the horizontal meridian). The target moved 
horizontally to the left or to the right, and the monkeys’ task was to look at the zone traveled by 
the target with barely any constraint on the accuracy of their response. As shown previously and 
in spite of the stealth of the target, the saccade endpoints were not randomly distributed; the 
horizontal landing position of saccades increased linearly with their response time. However, this 
linearity was observed up to a maximum. Beyond a delay of approximately 100 ms after the 
target offset, the horizontal landing position stopped increasing. Below this delay, the relation 
was linear and its slope was correlated with the terminal speed of the target. The increasing 
horizontal speed of the target led to discover an asynchrony between the horizontal and vertical 
components of saccades which had never been reported before: the horizontal component was 
delayed with respect to the vertical component with an average delay which tended to decrease 
with the target speed. 
Our results suggest that within a bounded time window, the brain performs a derivative function 
(in the mathematical sense) in response to time-varying signals. The quadratic time function of 
target position is transformed into a linear function. Moreover, the asynchrony between the 
horizontal and vertical components of saccades toward accelerating targets calls into question the 
idea that a single goal command drives saccades. 
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Title: Visual search and fixational eye movements in amblyopia 
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Abstract: IntroductionMiniature eye movements such as microsaccades shift the image on the 
fovea and counteract visual fading. They also serve as an optimal sampling strategy while 
viewing complex visual scenes. The goal of our study was to assess visual search and 
microsaccade production in amblyopia. MethodsEye movements were recorded using infrared 
VOG during amblyopic and fellow eye viewing while the subjects identified picture differences. 
24 amblyopes (mild =11;moderate= 9; severe=4) and 9 controls were recruited. 
ResultsAmblyopic subjects had comparable dwell time in the relevant interest areas during both 
fellow eye viewing (normal: 49.8%; mild: 48.4%; moderate: 45.9%; severe: 43.6%, ANOVA 
p=0.5) and amblyopic eye viewing conditions (normal: 49.8%; mild: 45.7%; moderate: 39.8%; 
severe: 47.3%, ANOVA p=0.5). Amblyopes were able to identify comparable picture differences 
during fellow eye viewing to controls (normal: 5.7; mild: 5.8; moderate: 5.2;severe: 4.3, 
ANOVA p=0.3). However, the ability to identify picture differences was diminished during 
amblyopic eye viewing condition (normal: 5.8; mild: 3.8; moderate: 2.7;severe: 0.8, ANOVA 
p<0.05). In amblyopes who were able to identify the picture differences the reaction time was 
increased during both fellow and amblyopic eye viewing condition(Fellow eye viewing: normal: 
8.5 s; mild: 8.0 s; moderate: 14.9 s; severe: 11.9 s KW ANOVA p=0.03; Amblyopic eye 
viewing: normal:8.5 s; mild: 7.4 s; moderate: 16.7 s; severe: 11.3 s KW ANOVA p=0.01). There 
was a decrease in the frequency of microsaccades in amblyopes (normal:0.3 Hz, fellow eye 
viewing:0.2 Hz, amblyopic eye viewing:0.06Hz).DiscussionThe brain increases the rate of 
microsaccades to aid visual exploration. The relative increase in production of microsaccades 
while viewing crowded visual scene is diminished in amblyopes. These results suggest that 
alteration in micro-saccades could explain the difficulty in perceiving details of a complex 
picture evident as crowding phenomenon in amblyopia. 
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Title: Eye movements induced by patterned microstimulation of the frontal eye fields 
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Abstract: The frontal eye fields (FEF) are the region of cortex most closely linked to the 
generation of eye movements, receiving visual inputs and sending descending projections to 
subcortical regions that control saccades. FEF is functionally identified as the region of 
prefrontal cortex in which saccades can be generated by electrical microstimulation at low 
currents. Supra-threshold stimulation at a particular site produces a saccade with a characteristic 
direction and amplitude (Bruce et al, 1985). Raising the current above the threshold produces 
little change in the saccade, and extending the duration often produces repeated saccades with 
the same vector (“staircase saccades”). The relationship between microstimulation strength 
(current) and behavior has been used to deduce features of the functional organization of visual 
and motor cortex. Similarly, the behavior of animals under conditions in which both 
microstimulation and visual input are provided simultaneously has been used to study the 
integration of sensory activity by downstream targets. Here, we employed microstimulation in 
FEF at multiple sites simultaneously to determine how the output of FEF is summed to produce 
behavior. To investigate this question we microstimulated at multiple sites concurrently in the 
FEF of macaque monkeys. We used a linear array of 16 channels spaced 150 µm apart to 
microstimulate FEF with small amounts of current (15-150 µA). Using this experimental design, 
we tested the following hypotheses: (1) do the contributions of multiple neuronal populations in 
the FEF sum in a predictable way, (2) can their contributions be manipulated by varying the 
current into these inputs and (3) can their contributions be manipulated by varying the distance 
between inputs. We found that the direction of evoked saccades resulting from simultaneous 
stimulation of two contacts is equal to the average saccade vector evoked from stimulation of 
each constituent contact alone. We were able to shift the resultant saccade vector from one 
constituent saccade to the other by varying the amount of current on each contact. The ability to 
produce this graded response saturated at supra-threshold currents. Also, we found that greater 
inter-contact distances increased the amount of error between the vector average prediction and 
the actual saccade. Evaluating the effects of patterned microstimulation provides a richer 



understanding of the complexities of the oculomotor system. More broadly, these data 
demonstrate how cortical inputs combine to produce complex outputs and serve as a foundation 
for the development of neural interfaces to influence perception and behavior with 
microstimulation. 
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Abstract: Subjects with intermittent exotropia have normal visual acuity in each eye and intact 
stereopsis, but a large exophoria that results periodically in spontaneous loss of fusion. The 
factors that trigger breakdown of fusion are not well understood. No recordings have been made 
to characterize the type of movement made when the eyes diverge. To address this issue, we 
tested 10 subjects (mean age 31, range 12 - 61 years) with intermittent exotropia. They fixated a 
small central target rear-projected onto a tangent screen while the positions of their eyes were 
monitored with video eye trackers. A cover-uncover test was performed at unpredictable 
intervals by occluding either eye with a filter mounted on a pneumatic cylinder. The filter 
transmitted infrared light, so that the position of the covered eye could still be tracked. Between 
cover-uncover trials, while both eyes were viewing the fixation target, subjects experienced 
occasional episodes of spontaneous fusion loss. Outwards eye movements, occurring either 
spontaneously or after monocular occlusion, were compared. The mean exotropia was 17° (range 
9 - 32°). Exotropia magnitude showed slight asymmetry, being an average of 14% larger with 
one eye covered compared with the other. Mean exotropia was nearly identical for spontaneous 
fusion loss and cover-induced trials. The difference in peak velocity of outwards eye movements 
occurring spontaneously or after occlusion was 1.1°/sec (p = 0.59). In subjects with larger 
exodeviations, peak velocities tended to be higher. In some subjects, additional testing was 



performed by arranging two targets in depth, along the line of sight of either eye. Subjects were 
asked to shift fixation from the near to the far target. Target distances were chosen to evoke an 
eye movement that matched the amplitude of the subject’s exotropia. The resulting divergence 
eye movement resembled the eye movement recorded during spontaneous loss of fusion. This 
similarity suggests that intermittent exotropes make a divergence eye movement when their 
ocular alignment breaks down. This divergence eye movement is not significantly affected by 
occluding the drifting eye. Intermittent exotropia appears to be a disorder of the divergence eye 
movement system. 
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Abstract: The hypothesis of cerebellar learning suggests that adaptation is driven by prediction 
errors, communicated via climbing fibers to Purkinje cells (P-cells), resulting in complex spikes 
(CSs). In this framework, presence of a CS results in synaptic plasticity which changes the 
simple spike (SS) activity of P-cells and subsequently behavior. Recent attempts to validate this 
hypothesis during short-term saccade adaptation have failed to find a link between P-cell SS 
activity and movement parameters. Therefore, adaptation, which entails a change in this 



encoding, has been even more difficult to address. However, we recently found that the 
combined responses of P-cells, organized by their CS tuning properties, reliably predict the real-
time velocity of eye movements. Using this result, we have begun to address the question of 
adaptation. 
We trained monkeys to produce saccades to visual targets while recording single-unit P-cell 
activity from the oculomotor vermis (OMV). In every trial, the monkey made a saccade to a 
random target. However in some trials, we jumped the target, producing a foveal error. 
We found that an unexpected visual event consistently modulated the probability of a CS 
(Pr[CS]). During fixation, presentation of a random target produced a CS with a probability that 
was cosine tuned as a function of the foveal direction of the target. Once the saccade was 
completed, the same P-cell exhibited a cosine tuned Pr[CS], now with respect to foveal direction 
of error. That is, in both periods of time, a visual sensory prediction error (target location with 
respect to the fovea) modulated Pr[CS]. Therefore, the complex spikes have a directional 
preference for sensory prediction errors, regardless of whether the sensory event is associated 
with a previous movement or not. 
Finally, we asked whether Pr[CS] affected SS responses during gain-down adaptation. We 
functionally organized the P-cells into microclusters wherein all P-cells shared a common CS 
tuning, and then computed a SS population response. When the post-saccadic prediction error 
occurred in the preferred CS direction of the P-cells, the SS population activity decreased and 
accurately predicted the gain of the saccade (R2=0.86). However, when the error occurred in the 
anti-preferred CS direction, the population response showed little or no changes. 
Our results suggest that occurrence of a complex spike is associated with a sensory prediction 
error, even when that error is not associated with a previous movement. However, when the error 
occurs following a movement, then the increased Pr[CS] coincides with a reduction in the 
population SS response, driving plasticity during saccade adaptation. 
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Abstract: Natural environments are dynamic and filled with sensory information that could be 
used by an organism to guide behaviors necessary for survival. Animals are able to extract 
relevant information from their environment by aligning their specialized sensory apparatus (e.g. 
the retinal fovea) with stationary and moving objects. Rapid eye movements have been used to 
study sensory, motor, and cognitive processes in primates, but most of this research has 
emphasized the use of stationary targets. Under these circumstances, the metrics and kinematics 
of saccades have been well characterized (Leigh & Zee, 2015); however, there have been 
relatively few in-depth descriptions of horizontal, vertical, and oblique interceptive saccades 
using a large range of target speeds and directions. The current abstract reports data collected 
from two rhesus monkeys and five human subjects who performed a delayed saccade task in 
which the delay duration, starting target location, and target speed (range: 10-60 deg/s) and 
direction (inward, outward, upward, downward) were varied randomly to elicit saccades with 
different vectors (amplitude and directions). Delay trials using stationary targets placed along 
moving target paths were randomly interleaved with delay trials using moving targets. Eye 
position was recorded using magnetic search coils and an eye-tracker system for non-human 
primates and humans, respectively. Preliminary data are similar for both species. Analyses 
indicate that saccade metrics between stationary and moving targets may be more similar than 
previously proposed (Guan et al. 2005, Keller et al. 1996). We observed no differences in the 
duration, peak velocity, average velocity, latency, and saccadic error between amplitude matched 
saccades used to foveate stationary and moving targets across directions and speeds. The 
discrepancies between our observations and those previously reported could be a function of task 
differences. For instance, we used a delay saccade task and most previously reported data were 
collected using a step saccade task. We also interleaved many more target trajectories than 
previous studies. These results suggest that the interceptive saccade vector encoded in the 
programming pathway is transformed in a similar temporal pattern in the brain stem as 
traditional saccades. 
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Abstract: Interest in the common marmoset monkeys (Callithrix jacchus) is growing rapidly as 
it is poised to become the leading candidate transgenic primate model. In contrast to the well-
established Old World macaque, little is known about the functional organization of the saccade 
circuitry in these New World primates. Here, we used resting-state ultra-high-field fMRI data 
collected from 4 lightly anesthetized male marmosets and 12 anesthetized male macaques to 
examine and compare the brain’s functional organization, with emphasis on the saccade system. 
Macaque data and marmoset data were obtained using custom-built transmit/receive coils on a 
7T and 9.4T MR scanner, respectively. Exploratory independent component analysis (ICA) 
revealed eight resting state networks in marmosets that greatly overlapped with corresponding 
macaque and human networks including a distributed frontoparietal network. Seed-region 
analyses of the superior colliculus (SC), a fundamental node in saccadic eye movement control, 
showed homologous functionally connected areas in both macaques and marmosets. 
Visualization of surface rendered functional connectivity maps revealed the strongest bilateral 
connectivity of the SC in frontal areas 6DC, 6DR, 8C, 8B, 8aV, 8aD, 46D, parietal areas PG, 
PGM, PO, MIP, LIP, and temporal areas MT, MST, FST of marmosets. Considerable functional 
connectivity was also observed in visual areas V1, V2, V3, V4 as well as cortical face patch 
areas ML, MF, AL, AF and the amygdala. Functional connectivity of the marmoset frontal eye 
fields revealed a similar connectivity pattern including a strong functional connectivity with 
areas 23a, 23b, 23c, 24m, 29a-c and parietal area PF. Furthermore, areas 8aD, 8aV, PG, TPO, 
TE2, and TE3 were identified as major hubs based on a region-wise evaluation of betweeness 
centrality, suggesting that these cortical regions make up the functional core of the marmoset 
brain. The results support an evolutionarily preserved frontoparietal system and provide a 
starting point for invasive neurophysiological studies in marmosets. 
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Abstract: The common marmoset (Callithrix jacchus) is a New World primate that shows 
considerable promise as a model animal for neuroscience research. The first primate transgenic 
lines have been developed in this species, making possible the integration of genetic and 
neurophysiological tools in primates. Practical advantages, such as a lissencephalic cortex that 
allows recording with linear and planar electrode arrays, and a clear extant knowledge of the 
anatomy and physiology of the visual system in this species further support it’s value. The 
oculomotor system is the most thoroughly understood sensorimotor system in the brain, and 
provides a window into numerous neurodegenerative and neuropsychiatric disorders. To date 
however, a limited number of studies have evaluated the oculomotor behaviour of the common 
marmoset. Here, we investigated the performance of the common marmoset on an oculomotor 
phenomenon well-studied in humans and rhesus macaques, the gap effect. This effect is a 
decrease in saccadic reaction times (SRTs) observed when the fixation spot is extinguished prior 
to the appearance of a target in saccade tasks. We trained a common marmoset to make saccades 
to peripheral white circular targets for liquid reward. In a “step” condition, an initial fixation spot 
was extinguished simultaneously with the appearance of the target. In a “gap” condition, the 
fixation spot was extinguished 200ms prior to target appearance. Consistent with previous 
observations in both humans and macaques, we observed reductions in SRTs in the gap as 
compared to step condition. In a second series of experiments, we expanded the set of target 
stimuli in the gap condition to include marmoset faces as well as control stimuli consisting of 
scrambled faces, to investigate the possibility of an SRT advantage for naturalistic stimuli. Under 
these conditions, we observed a reduction in SRTs to faces as compared to control stimuli. Taken 
together, these findings suggest that conserved oculomotor circuits mediate the gap effect in 
marmosets and Old World primates, and support the use of the common marmoset as a model for 
investigations of oculomotor neurophysiology. Further, they suggest preferential processing of 
faces in the marmoset oculomotor system. 
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Abstract: Saccadic suppression refers to reduced visual sensitivity around the time of 
saccades/microsaccades. Neuronally, suppression appears as reduced firing rates to visual 
stimuli, and behaviorally, this translates into, among others, delayed reaction times (RT’s). 
However, the sources of saccadic suppression remain elusive. Here, we compared saccadic 
influences on both firing rates (single-unit activity; SUA) and local field potentials (LFP’s) in 
primate superior colliculus (SC). We hypothesized that LFP’s, a proxy for population and 
synaptic activity, can reveal movement-related signals at the time of visual burst SUA 
suppression, which may help constrain the neural sources of a suppressive saccade-related signal. 
We recorded from 90 SC sites (1-24 deg eccentricity) in 2 monkeys, collecting both SUA and 
LFP’s. Monkeys fixated a white spot over a gray background. Inside RF’s at the recorded sites 
(assessed from SUA and LFP tuning properties), a stationary, vertical Gabor grating (0.56, 1.11, 
2.22, 4.44, or 11.11 cpd) appeared. For SUA, we measured peak visual response 20-150 ms after 
grating onset. For LFP’s, we measured peak transient deflection similar to how we measured 
peak SUA response, and we also collected transient LFP latency defined as the first time at 
which the LFP was >2 s.d. away from pre-stimulus baseline. We compared trials when gratings 
appeared <50 ms after microsaccade end (the saccadic suppression trials) to trials when the 
gratings appeared without microsaccades (baseline). We chose a post-microsaccade interval to 
ensure that the eye was already stable at the time of grating onset, just like in the baseline trials. 
Visual-motor neurons showed the strongest visual response suppression, and the suppression was 
spatial-frequency-dependent; visual-only neurons had only mild and unselective suppression. In 
the LFP’s, opposite to the SUA’s, we observed enhanced visually-evoked transient response, and 
with facilitated latency (regardless of electrode location). This suggests the presence of a 
movement-related signal that may mediate SUA visual burst suppression. We confirmed this by 
identifying microsaccade-related LFP modulations, even in the far periphery, in the absence of 
any visual stimulus. However, the interaction between this movement-related modulation and the 



visually-evoked LFP response was supra-additive because the enhanced LFP response could not 
be explained by a baseline shift caused by the movement-related modulation. Thus, LFP’s show 
opposite saccadic suppression effects from SUA and reveal a putatively movement-related signal 
at the time of SUA suppression. 
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Abstract: Even during fixation, our eyes are in constant motion. For example, microsaccades are 
small (typically<1°), rapid eye movements that occur during attempted fixation. Recently 
researchers have begun to characterize how microsaccades influence visual attention and visual 
perception. Here we demonstrate that microsaccades can also influence time perception; that is, 
the perceived temporal interval between transient visual stimuli is compressed around 
microsaccades. While maintaining central fixation, human subjects reported whether the duration 
between a pair of successively flashed horizontal bars (test interval) was longer or shorter than 
the duration between a subsequent pair (probe interval). A total of ~40000 trials were collected 
from 8 subjects. Trials were separated into those with and without accompanying microsaccades. 
We found that if spontaneous microsaccades occurred around the time of one of these temporal 
intervals (test or probe), that temporal interval was judged to be of shorter duration compared to 
those trials without microsaccades. This temporal compression was consistent across subjects 
and was not influenced by attributes of microsaccade such as their particular direction or 
amplitude. Microsaccades exerted their strongest effect when they occurred within 100ms of the 
temporal interval and significant effects extended for ~250ms both before and after the temporal 
interval. The magnitude of the temporal compression 
was larger if a microsaccade was associated with the later probe interval than if a microsaccade 
was associated with the earlier test interval. If multiple microsaccades occurred surrounding a 
temporal interval, this enhanced the temporal compression of that interval. If microsaccades 



occurred surrounding both temporal intervals, their temporal compression effects tended to 
counteract each other. The compression of time surrounding microsaccades resembles the 
temporal compression associated with voluntary (macro)saccades (Morrone et al., 2005). 
Considering microsaccades’ small and fast nature, this compression effect on visual perception is 
far-reaching. In the spatial dimension, the flashed visual stimuli were far (~20°) from central 
fixation. In the temporal dimension, microsaccades exerted an influence for +/- 250ms from their 
onset. Together these suggest an underlying extra-retinal mechanism rather than a mere retinal 
impact. Lastly, given the ubiquity of microsaccades (1~2Hz), our results raise questions of how 
we can maintain accurate time perception in our everyday life and during experimental 
situations. 
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Abstract: Although reading is an important and generative skill, it remains controversial how it 
develops and how dysfunctions lead to reading difficulties. To further understand the processes 
that are involved during reading, we combined functional magnetic resonance imaging (fMRI) 
with eye tracking to investigate the neural substrates and cognitive processes underlying 
performance during letter and object naming speed (NS) tasks. These tasks, which measure how 
quickly and accurately participants can name sets of familiar stimuli, provide a simplified 
example of processes involved during reading and are a precursor and concurrent correlate of 
accurate and efficient reading. 
We recruited 19 healthy young adults (ages 21 - 26 years), and employed a block design 
consisting of a letter NS task and three variants that were either phonologically and/or visually 
confusing; and an object NS task with a variant in which the object names rhymed with one 
another, while subjects’ eye movements and articulations were recorded. We examined how 
these manipulations influenced behavioral performance and whether they resulted in differences 



in neural activation. 
Behavioral analyses revealed that letter NS manipulations were influenced by visual rather than 
phonological similarity. When the task was both visually and phonologically similar, participants 
had significantly longer naming times and fixation durations, and made more frequent saccades 
and regressions. For the object NS tasks participants' performance was not affected when the 
names of the objects rhymed with one another. 
fMRI results indicated that these NS tasks activated key neural structures that are involved in 
reading, such as: the ventral visual stream (visual word-form area), supramarginal gyrus 
(grapheme-phoneme mapping), middle temporal gyrus (semantic access), motor cortex (motor 
planning), supplementary motor and pre-motor areas (articulation), and anterior cingulate 
(speech monitoring). Activation in the temporoparietal areas of the reading network varied by 
difficulty of each letter NS task indicating differential neural processes that are associated with 
each task. There was also significantly greater bilateral activation in the fusiform gyrus and 
parahippocampal gyrus during the object NS tasks than the letter NS tasks. 
These findings further our understanding of the neural substrate required for reading. As further 
progress is made in understanding these underlying processes, this could lead to establishing 
biomarkers to help identify children who may be at-risk for developing reading difficulties in 
order to provide them with early assessments and effective interventions. 
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Title: Integration of past and current visual information during eye movements in Amblyopia 

Authors: *N. DERAVET1, D. YÜKSEL2, J.-J. ORBAN DE XIVRY4, P. LEFÈVRE3;  
2Inst. of Neurosciences ; Ophtalmology department, 3Inst. of Neurosciences ; ICTEAM, 1Univ. 



catholique de Louvain, Louvain-la-Neuve, Belgium; 4Dept. of Kinesiology, Movement Control 
and Neuroplasticity Res. Group, Katholieke Univ. Leuven, Leuven, Belgium 

Abstract: Amblyopia is a neuro-developmental disorder characterized by a reduced acuity of 
one or both eyes that is not related to a structural, correctible deficit. In addition to acuity and 
contrast sensitivity deficits, Amblyopia affects perception and eye movements. Furthermore, 
some of these deficits extend to the fellow eye, excluding loss of acuity as their unique cause. 
One of the proposed hypotheses is that the integration of visual and extraretinal signals (memory, 
proprioception⋯ ) matures differently in amblyopic patients. In this study, we investigate this 
hypothesis and the integration of visual signals with memory of target motion during eye 
movements in amblyopic patients. 
Fourteen control subjects and nineteen amblyopic patients, their dominant/fellow eye covered, 
visually pursued a moving red dot (diameter=0.8°) for a variable number of repetitions (1 to 4 
trials). Control subjects had normal or corrected to normal vision, while amblyopic patients had 
visual acuity of 2/20 to 10/20 Snellen, and exhibited either anisometropic (n=5), strabic (n=9) or 
anisometropic and strabic (n=5) amblyopia. Repetitions of target motion had the same direction 
(among 6: 0°±20°, 180°±20°) and the same velocity (among 2: 15°/s, 20°/s), which led to the 
gradual formation of a memory of target motion. We tested the relative weights of visual and 
memory signals by presenting, at the last repetition, a catch trial that had the same direction but 
reduced (-5°/s) or increased (+5°/s) velocity. 
Catch trials were compared to control trials that had both the same number of preceding trials 
and the same velocity. Doing so, the only difference between them was prior information about 
target velocity. 
We found that, for all groups, smooth pursuit eye velocity gain during steady-state was biased 
towards the target velocity of previous trials (p<0.05). Furthermore, the amplitude of catch-up 
saccades was larger when previous target velocity was higher, and reciprocally (p<0.05). 
Interestingly, the magnitude of the effect did not differ significantly between controls and 
amblyopic patients (interaction of trial type vs subject type: p>0.5), despite obvious differences 
in visual acuity. It therefore appears that Amblyopia does not significantly affect the weighting 
of the memory of target motion with visual information during eye movements (within 4 trials). 
Since we considered a diverse group of amblyopic patients, we intend to pursue this study by 
increasing our pool of patients and refine the results by type of amblyopia. 
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Title: Normal correspondence of tectal maps for saccadic eye movements in strabismus. 
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Abstract: The superior colliculus is a major brainstem structure for the production of saccadic 
eye movements. Electrical stimulation at any given point in the motor map generates saccades of 
defined amplitude and direction. It is unknown how the saccade map is affected by strabismus. 
Three macaques were raised with exotropia by performing a medial rectus muscle tenotomy in 
each eye at age 1 month. Once the animals were mature, their ocular motor behavior was tested. 
The animals showed no evidence of amblyopia; they were able to make saccades to targets with 
either eye and alternated fixation freely. To probe the organization of the superior colliculus, 
microstimulation was applied at multiple sites, with the animals either free-viewing or fixating a 
target. In two animals, microstimulation drove conjugate saccades. They were similar in both 
amplitude and direction, but separated by the ocular deviation. In the third animal, saccades from 
microstimulation were the same in amplitude, but differed in direction for the two eyes by 15° of 
polar angle. This direction difference was due to a strabismic pattern deviation that also caused a 
15° rotation during static fixations and smooth pursuit. Given that smooth pursuit is not thought 
to be mediated by the superior colliculus, the rotation in relative eye motion was unlikely to be 
caused by a shift in the tectal saccade map for one eye. These data indicate that the map for 
saccade generation appears normal in strabismus, with no evidence for anomalous 
correspondence. However, saccades generated by tectal stimulation may be disconjugate in 
animals with a pattern deviation, presumably due to altered downstream elements. Single cell 
recordings made in the course of these stimulation experiments showed normal, binocular 
sensory responses in the tectum, in contrast with the striking loss of binocularity induced in 
striate cortex by strabismus. 
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Abstract: Smooth pursuit eye movements allow one to visually track a target moving against a 
stationary background field. Of particular interest, the background is perceived as stationary even 
though its image, as a consequence of the pursuit, moves relative to the retina. One explanation 
for this perception is that, associated with the motor signal driving smooth pursuit, an extraretinal 
(exR) signal is generated that serves to cancel out what otherwise would be the appearance of 
background displacement. A large number of studies have explored this exR signal in a variety 
of circumstances. However, there have been no studies concerned with the overall temporal 
features of the exR signal before, during and after smooth pursuit. To investigate the exR signal 
over time, subjects in the present experiment observed a target flash (10 ms) presented at various 
times before, during and after smooth pursuit movement. The subjects reported on the location of 
the flash relative to the location of a fixation target viewed and extinguished shortly before 
pursuit onset. (The pursuit target moved either to the right or left at 15 deg/sec for 1.2 sec.) By 
varying target flash location over experimental trials we determined a target flash that appeared 
to be at the location of the fixation target, i.e., the target point of subjective equality (TPSE), for 
each time of flash presentation. Generally, the TPSE was not at the actual location of the fixation 
target: for rightward smooth pursuit, the TPSE was to the left of the fixation target (opposite to 
pursuit) from about 0.5 sec before pursuit onset until about 0.75 sec after onset. Thereafter, the 
TPSE was to the right of the fixation target (in the direction of pursuit) during the remainder of 
pursuit and 2.5 sec of fixation after pursuit. Using the pursuit time course, it was possible to find 
a retinal locus corresponding to each TPSE, i.e., the retinal point of subjective equality (RPSE). 
In general, the RPSE shifted relative to the retina in a compensatory direction (for retinal image 
displacement) as a linear function of time. However, the RPSE shift began before pursuit onset, 
occurred more slowly than the pursuit movement, and reached a final magnitude after the pursuit 
(during post pursuit fixation) that was smaller than that of the eye movement. In short, the RPSE 
suggests an exR signal that changes more slowly than pursuit movement with a final signal 
magnitude that is smaller than that of the movement. The features of the TPSE, RPSE and 
underlying exR signal are considered in view of the functional dynamics of the smooth pursuit 
system and the possible influence of target flash visual persistence. 
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Abstract: Humans represent objects as higher-level categories. While object category 
representations have also been demonstrated behaviorally and physiologically in macaques, 
macaque use of categorical target templates to guide visual search has yet to be demonstrated. 
Here we investigated target guidance with two search tasks, one in which a target exemplar was 
previewed (exemplar search) and another in which the target was defined by a category-specific 
symbol (categorical search). Subjects freely searched for a member of an object category (e.g. 
teddy bears), among distractors drawn from random non-target categories (e.g. cars, plants, 
utensils, etc.). Objects were arranged on a circle and displayed at 10 deg. eccentricity from 
central fixation. Set size was varied over five levels (2-8, evenly spaced). On target-present trials 
(TP; 50%), the subject was rewarded after making a saccade to the cued target. On target-absent 
trials (TA; 50%), reward was given after fixation was held at a 'Target Absent Button' in the 
periphery (18 deg.). Search behavior was also compared to predictions of an image-based model 
of the superior colliculus (MASC) that generates sequences of saccades as it searches for the 
same exemplar and categorical targets. We found that the proportion of TP trials in which the 
target was the first-fixated object was highly above chance and didn’t differ between exemplar 
and categorical search conditions, demonstrating a strong level of target guidance. Similar strong 
target guidance and set size effects were observed in MASC’s fixations. We exploited the fact 
that thousands of opportunities existed to observe the preferential fixation of distractors, from 



which we assembled most-fixated and least-fixated sets. We show that the same distractors that 
were more/less fixated by the macaque were also more/less fixated by MASC. We interpret these 
findings as evidence that macaques use categorical features in visual search to guide their overt 
attention. The fact that these features can be extracted by our model and used to predict fixation 
behavior may make possible the future prediction of neural activity in oculomotor structures 
such as the superior colliculus in naturalistic tasks. 
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Abstract: In primates, the saccadic reaction time (SRT) to look towards a visual target ranges 
from below 100ms to above 300ms. What is the neural basis of such variability? Previous 
research on the activity of single neurons has highlighted the importance of stimulus properties 
(e.g., contrast, number of targets) on the vigor of the initial sensory response, and the impact of 
top-down signal (e.g., expectancy or reward) on low-frequency preparatory activity prior to 
stimulus onset. Here, we examine the potential contribution of population coding in the 
oculomotor system to SRT variability. To do this, we recorded saccade-related neurons 
(currently > 100) in the primate superior colliculus (SC) while monkeys made visually-guided 
saccades into the neuron’s response field. As expected, across SC neurons the time of peak 
saccade-related activity (Peaktime) correlated positively with SRT, being delayed for longer-
latency saccades. However, across our sample of neurons we observed substantial variability in 
the strength and slope of this correlation, meaning that the time of peak activity on an individual 
neuron basis was an insufficient predictor of SRT. To investigate population coding, we sorted 



all the trials across all the neurons based on increasing SRT, and divided this dataset into 
partially overlapping sub populations(13 sub-populations; 20ms bins; 5ms separation between 
bins; range 120-200ms). Unlike what was found with individual neurons, the average Peaktime 
across all neurons and across all bins correlated nearly 1:1 with SRT. However, we observed a 
monotonic increase in the variability of Peaktime with increasing SRT. As a consequence of 
such desynchronization, population activity at saccade threshold decreased for longer-latency 
SRTs. Together, our results suggest that the synchrony of saccade-related activity in the SC 
population impacts SRT; it takes longer for a more desynchronized population to reach saccade 
threshold. Our results also show that saccade threshold is not invariant in this simple task, 
instead decreasing for longer SRTs. This observation can be reconciled if the downstream 
brainstem burst generator acts as a leaky integrator accumulating activity from a population of 
SC neurons with a short time constant. 
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Abstract: The superior colliculus (SC) has been implicated in visual target selection, 
visuospatial attention, and saccade execution. By and large, neural correlates of these processes 
have been demonstrated in laboratory tasks that, by design, impose serial order to the perceptual 
decision and motor planning processes that precede saccade execution. While successful in 
distinguishing purely sensory-contingent from purely motor-related activity, such tasks obscure 
the dynamics of the perceptual-motor interactions that one would expect in more natural settings. 
To examine such interactions and their neural correlates, we recorded from single SC neurons 



(visual, visuomotor, and motor) while monkeys performed a novel, urgent two-choice task that 
requires subjects to form a motor plan in advance of receiving a cue that reveals the 
identities/locations of target and distracter. Crucially, performance on this task varies from 
chance to near 100% as a function of processing time (PT) — the amount of time available to 
view the cue before commitment to a saccadic choice. The resulting psychophysical function 
("tachometric" curve), which plots success rate as a function of PT, provides an opportunity to 
examine the relationship between the evolving perceptual decision process and its neural 
correlates with unprecedented temporal resolution. As we previously demonstrated for the frontal 
eye field (FEF), the impact of the perceptual judgment was clearly evident as choices progressed 
from uninformed to informed; i.e., the rising activity associated with target and distracter 
exhibited characteristic PT dependencies. In addition, we observed an entirely novel form of gain 
modulation: for most SC neurons, the maximum firing rate either increased or decreased as a 
function of PT. This PT-dependent gain modulation was observed in all neuronal subclasses in 
the SC, regardless of their visuomotor properties. Moreover, its magnitude and time course 
varied across experimental conditions (easy vs difficult), outcomes (correct vs incorrect), and 
cell classes. The results provide critical insight about how perceptual information is dynamically 
translated into motor output. 

Disclosures:  C.K. Hauser: None. E. Rogers: None. T.R. Stanford: None. E. Salinas: None. 

Poster 

715. Vision and Eye Movements 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 715.29/MM3 

Topic: E.01. Eye Movements 

Support: NIH Grant R21EY025550 (WZ) 

 NIH Grant R01DC014930 (WZ) 

 NIH Grant R01DC012060 (HZ) 

Title: Passive eye movements induced by electromagnetic force (EMF) in anesthetized rats 

Authors: Y. YU1, L. CHEN1, D. S. SANDLIN1, J. HUANG1, S. WANG1, J. ALLISON1, H. 
ZHU1, *W. ZHOU1,2;  
1Dept. of Otolaryngology and Communicative Sci., 2Dept Neurobiology& Anatom. Sci., Univ. of 
Mississippi Med. Ctr., Jackson, MS 



Abstract: Many important sensorimotor functions (e.g., visual localization and eye movement 
control) require accurate information of eye position in the orbit, which can be provided by either 
an efferent copy of the feedforward oculomotor commands or the feedback signals from the 
extraocular muscle proprioceptive pathways. Whereas the neural substrates for oculomotor 
commands have been extensively studied, the central processing of extraocular muscle 
proprioceptive signals remains to be elucidated. A technical barrier to investigate this issue is a 
lack of noninvasive approaches to induce well-defined passive eye movements that specifically 
activate eye muscle proprioceptive pathways. In this study, we describe a noninvasive method to 
generate passive eye movements in isoflurane-anesthetized rats (N=6). A small magnet (<1mm) 
was attached to the surface of a rat’s eyeball nasal to the cornea without blocking the pupil, and a 
small iron rod (~5mm diameter) surrounded by an electromagnetic coil was placed close to the 
magnet (<15 mm). By passing currents with different polarities to the electromagnetic coil, 
attractive or repulsive electromagnetic force was generated upon the magnet attached to the eye, 
therefore inducing eye movements. A video-based eye tracker (ISCAN ETL-200) was employed 
to measure horizontal and vertical positions of the stimulated eye at a speed of 240 frames per 
second with a spatial resolution of 0.1 deg. The results show that the electromagnetic forces 
generated by the coil induced well-defined eye movements: directions were dependent on current 
polarity, and amplitudes (1~15 deg) and peak velocities (100~1000 deg/s) were dependent on 
current intensity (0.1~0.7A) and pulse duration (20~200ms). We further showed that peak 
velocities of the EMF-induced eye movements were linearly related to their amplitudes, 
demonstrating consistent main sequences among rats. Besides the slopes, the main sequences of 
the EMF-induced eye movements were similar to that of saccades in awake rats and that of eye 
movements-induced by electrical micro-stimulation of the abducens nucleus in anesthetized rats. 
These results suggest that the EMF method provides an effective noninvasive approach to induce 
well-defined passive eye movements for investigating the central processing of eye muscle 
proprioceptive signals and its role in visual localization and eye movement control. 
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Title: Abstraction of 2D head-centered positions from tracking a moving visual target: A study 
in the non-human primate 

Authors: *C. BOURRELLY1,2, R. M. ETOUMBE1,2, P. CAVANAGH2,3, L. GOFFART1;  
1CNRS Inst. Des Neurosciences De La Timone, Marseille, France; 2CNRS Lab. Psychologie de 
la Perception, Paris, France; 3Dartmouth Col., Dept. of Psychological and Brain Sci., Hanover, 
NH 

Abstract: The ability to navigate in an environment involves notions such as places, distances 
and directions. Many studies have investigated how the brain represents or encodes these spatial 
parameters in various navigation tasks. However, very few have tried to explain how these 
parameters were constructed in naive animals. We developed a simple protocol for studying this 
problem using the oculomotor system as a probe. In this protocol, monkeys were trained to fixate 
a central fixation target and to track it when it started to move along a triangular path. The target 
moved with a constant speed (10°/s) for approximately 5000 ms along one of 4 pseudo-randomly 
selected paths in the upper, lower, left or right visual fields. The target ended its motion when it 
returned back to the center of the screen, at which time the monkey received its reward. From a 
head-centered perspective, the target motion was clockwise. The direction of target motion 
changed abruptly at the vertices of each triangular path and the oculomotor behavior around 
these inflection points was an indicator of the monkey’s spatial knowledge of the trajectory. 
Three monkeys were used to study the evolution of their oculomotor tracking during this task. 
During the first days of practice, the tracking was primarily composed of saccades and the 
monkey did not anticipate the changes in target motion direction. After a few days of learning, 
pursuit became more frequent and as the eye approached the inflection points, the velocity of the 
pursuit eye movements and the amplitude of saccades both decreased. These results indicate that 
the location of inflections points were encoded, and possibly represented within a spatial map. 
To further examine this location coding, we tested the tracking behavior in response to an 
increase in target speed, to an increase in the length of the paths and to a change in motion 
direction (from clockwise to counterclockwise). During these tests, the ocular tracking revealed 
the properties of the memory of the inflection points. This new protocol can guide fRMI studies 
to the brain structures involved in the coding of 2D head-centered spatial memory. Altogether, 
our work demonstrates the critical role played by the oculomotor system in the spatial mapping 
of the world. 
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Abstract: Neurons in the medial posterior parietal area V6A of macaques have been consistently 
reported to show spatial modulations during all the phases of an instructed delay reaching task. 
In addition, during the planning and the execution of hand movements in 3D space performed 
from different starting hand positions, the vast majority of V6A neurons represent targets’ 
location either in body-centered frame of reference, or in mixed body/hand-centred coordinates, 
with only occasional units showing pure hand-centered coding (Hadjidimitrakis et al, 2014, Cer. 
Cortex 24(12):3209-20). We here characterized the frames of reference in earlier epochs of the 
task, i.e. immediately after target fixation and in the subsequent main part of the delay period and 
examined whether the reference frames in individual neurons are stable across the task epochs. 
We recorded the activity of single cells in V6A while two Macaca Fascicularis performed in 
darkness a foveal reaching towards 9 targets located at different depths and in different 
directions. The reaches could start from two different hand positions, one close to the body and 
the other far from it, at a different depth. We report no evidence of hand-centred coding also in 
the earlier phases of the task. Shortly after target fixation and throughout the main part of the 
delay period, V6A neurons used either body-centred, or mixed body/hand-centred reference 
frames. Most of the cells showed consistent reference frames across epochs. Interestingly, a 
population trend for a shift from mixed body/hand-centred frames to ‘pure’ body-centred 
coordinates was found as the task progressed. These findings suggest that in V6A, similar to 
other parietal areas, the reference frames show a limited degree of temporal evolution. The 
stronger presence of mixed coding at early task stages could reflect the early involvement of 
V6A in eye-hand coordination, whereas the increase in spatiotopic representations towards 
movement execution could be related to its role in online movement control. 
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Abstract: Mouse spontaneous behaviour is strongly affected by visual cues and by ambient light 
(irradiance). Their natural tendency to explore new environments and follow simple visual 
stimuli allowed researchers to use them to measure the acuity of visual perception and to assess 
the effect of genetic treatments [1-3]. However our understanding of how mouse spontaneous 
behaviour is driven by vision is still limited to locomotion or pre-specified behaviours. A more 
thourough comprehension would provide fundamental insights into how the visual system 
integrates and processes complex natural visual stimuli and how mice make use of it to survive 
outside a laboratory. Moreover it would also be important to increase the sensitivity of 
behavioural tests to assess the effects of treatments aimed at restoring vision. In the present work 
we target two fundamental limitations of current behavioural analyses: low dimensionality and 
reliance on cumulative measures. Low dimensional movement tracking, typically based on a 
single body point, dramatically reduces the number of behaviours that can be discriminated. We 
increase the dimensionality by combining non-invasive body markers and nonlinear 
dimensionality reduction. Reliance on cumulative measures (e.g. total distance travelled or 
average locomotion speed) provides a single number summary of complicated dynamics and 
averages out potentially important events which may last only a small fraction of the time 
windows considered. We use multivariate change point analysis to segment the behavioural time 
series and identify an optimal set of distinct behavioural modules. We show that our technique 
allows us to get quick and precise measurements of mouse irradiance responses and spatial 
acuity. References: [1] Abdeljalil J et al (2005). Vision Res. 45(11):1439-1446. [2] Lagali PS et 
al (2008). Nat. Neurosci. 11(6):667-675. [3] Cehajic-Kapetanovic J et al (2015). Curr. Biol. 
25(16): 2111-2122. 



Disclosures:  R. Storchi: None. R.A. Bedford: None. F.P. Martial: None. J. Wynne: 
None. R.J. Lucas: None. 

Poster 

716. Visual Sensory-Motor I 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 716.03/MM7 

Topic: D.08. Visual Sensory-motor Processing 

Support: NIH Intramural Grant 

Title: Modulating inter-hemispheric coherence to influence behavior - a TMS-EEG study 

Authors: N. THIRUGNANASAMBANDAM, *M. HALLETT;  
Human Motor Control Sec, Natl. Inst. of Neurolog. Disorders and Stroke, Bethesda, MD 

Abstract: Inter-hemispheric coherence (IHC) is one of the EEG parameters that measures 
synchronization of oscillations originating from brain regions of different hemispheres and 
thereby the functional connectivity between them. We know that IHC is critical for tasks such as 
midline object recognition that involves merging information obtained from the 2 hemispheres. 
In a previous study, it was observed that midline object recognition is associated with transient 
increase in IHC over temporo-parietal areas in the alpha frequency range (Mima et al., 2001). 
Whether this association is causal, remains unknown. In the current study we aimed at 
determining the causal association of inter-hemispheric alpha coherence to midline object 
recognition. Several studies have used TMS as an effective tool to entrain intrinsic brain 
oscillations. We interfered with the IHC by using unilateral or bilateral, synchronous or 
asynchronous repetitive transcranial magnetic stimulation (rTMS) pulses. Our hypothesis was 
that asynchronous rTMS would reduce IHC thereby impairing midline object recognition. 
We recruited 13 healthy subjects for the study. All subjects first participated in a screening 
session where the threshold intensity for blocking object recognition and the optimal coil 
orientation for TMS were determined using single pulse TMS. In the main experiment session, 
they were asked to perform the object recognition task in four blocks. During the first block, the 
individual alpha coherence frequency was determined by recording EEG during object 
recognition. During the second, third and fourth blocks rTMS was delivered in every trial with 
simultaneous EEG recording. Trains of 7 TMS pulses were administered over left and/or right 
lateral occipital gyrus at 80% of threshold intensity blocking object discrimination or 60% 
maximum stimulator output whichever was smaller. 
Our primary outcome measure for the object recognition task was d’ (d-prime or sensitivity 
index). Our results have not shown a significant effect of rTMS on object recognition. The EEG 



data is currently being analyzed to look for entrainment effects. We think that this absence of 
effect on behavior could be due to a ceiling effect in task performance, wrong stimulation site or 
sub-optimal stimulation paradigm. We are currently performing additional experiments to 
address the above issues. 
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Abstract: Electrophysiological responses from 91 direction-selective (DS) units located in the 
basal optic root (nBOR) and the adjacent dorsomedial area have been recorded extracellularly in 
the frog (Rana temporaria L.). Based on characteristics of the recorded responses, 23 of the units 
are considered to be retinal ganglion cells’ (RGC; axon terminals). The majority of the remaining 
68 units were considered to be DS neurons of the nBOR. The results of our study suggest that in 
the nBOR area there might be four subtypes of the tegmental and retinal DS units that respond 
selectively to stimuli moving in the dorso-ventral, ventro-dorsal, caudo-rostral and rostro-caudal 
directions. The receptive field (RF) sizes of the nBOR DS neurons were estimated to be about 
30-60°, while those for the retinal units were significantly smaller - just 6-8°. In response to 
abrupt darkening within the units’ RFs, both the nBOR DS neurons and the RGC DS units 
respond by a weak discharge. Our results indicate that the frog nBOR DS neurons integrate the 
inputs from the retinal OFF-type DS units over relatively large segments of the visual field.It will 
discuss the role of retinal projections to the nBOT in gaze stabilization in frog prey-catching 
behavior. 
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Abstract: Lateral posterior (LP) thalamic nucleus is part of the cortical–basal ganglia–thalamic–
cortical network and appears important for various functions involved with spatial processing 
related to directed attention, including emotional stimuli. We studied cognitive and behavioral 
changes in male Wistar rats submitted to unilateral electrolytic lesion of the LP at 60 days post-
natal. The behavioral tests started 7 days after surgical procedures. In open field, LP group 
exhibited higher time of immobility (F[1,18] = 19.07; p = 0.0018) and self-grooming episodes 
than SHAM group (F[1,18] = 15.3; p = 0.0036, respectively). In central zone, LP group exhibited 
reduced locomotor activity (F[1,18] = 31.6; p = 0.0003) and time spent (F [1,18] = 27.29; p 
=0.0005) as compared to SHAM group. In elevated plus maze, for percentage of time spent and 
number of entries into the open arms significant differences were observed between groups 
(F[1,9] = 132.1; p < 0.0001, F[1,9]= 7.02; p <0.001, respectively), with no difference for total 
locomotion (F[1,9] =0.46; p = 0.52). In the social approach phase of the sociability paradigm, for 
time spent in the compartments with social and non-social stimuli, significant differences were 
noted between compartments (F[1,9]= 83.9; p = 0.0001) and effect of interaction between factors 
(F[1,9] = 9.96; p = 0.0116). Both groups exhibited preference for the social stimulus, but LP 
group showed less discrimination as compared to SHAM group (t = 4.44; p<0.01 e t = 8.34; 
p<0.001, respectively). In the social novelty phase, for time spent in the compartments with 
familiar and unfamiliar conspecific, significant differences were observed between groups 
(F[1,9] = 11.76 p =0.0075) and effect of interaction between factors (F[1,9] = 11.76 p =0.0075). 
LP group spent more time with familiar animal as compared with social novelty. For social 
contacts, it was noted effect of interaction between factors (F [1, 9] =72.73; p < 0.0001). LP 
group exhibited more social contacts towards to familiar animals as compared to social novelty, 
and opposite behavior was observed in SHAM group. In operant conditioning box, SHAM group 
learned to press the right bar in the first session and the LP group completed the task between the 
second and fourth sessions, (χ2 

=
 8,049; p =0.0046). For reversal learning, SHAM group learned 

to press the left bar between first and second session and the LP learned between the third and 
fourth sessions (χ2 

=
 9,747; p =0.0018). The data suggest that the LP lesion leads to anxiety 



related behavior, social behavior impairment, stereotypic behavior, deficits in visual conditional 
associative learning and the cognitive flexibility. 
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Abstract: The mouse shows a rapid, innate defensive response to an overhead expanding black 
disc that mimics an approaching predator: the animal freezes in place or escapes to a shelter. 
Driven purely by the visual stimulus, this “looming reaction” provides an opportunity to study 
how sensory information is transformed to motor output by brain circuits. 
Where in the visual system is the looming feature first detected and discriminated from 
innocuous visual events? It has been suggested that the Off-transient alpha ganglion cell in the 
retina serves this function (Munch et al. 2009), but recent work shows that this cell type still fires 
promiscuously during many other episodes encountered in mouse natural vision. Thus the 
looming detector may lie downstream of the retina, perhaps in the superior colliculus (SC), a 
layered midbrain area important for sensorimotor transformation. 
The superficial layer of the SC serves as the gateway for visual input from the retina but how it 
represents visual stimuli is poorly understood. Here we study the convergence of retinal input 
onto the SC by transsynaptic retrograde tracing from genetically identified sSC neurons. We then 
explore the neural representation of visual stimuli by recording from an awake mouse with 
silicon neural probes that span all layers of the SC. In the superficial SC we report neurons with 
diverse visual response properties that collectively encode many different stimulus features. In 
the deeper layers we find certain neurons with a pronounced response to the onset of the black 
expanding disc, but not to many innocuous stimuli that fail to elicit a looming reaction. We 



suggest that the neural computation of a looming threat emerges in the interlaminar circuitry 
between the superficial and deeper layers of the SC. 
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Abstract: Transcranial Magnetic Stimulation (TMS) is a safe, non-invasive brain stimulation 
technique that can induce electric currents in the brain. Despite its extensive use both in the 
clinical practice and cognitive neuroscience, very little is known about the spatial and temporal 
extent of TMS effects on single neurons. To study the TMS influence on neuronal activity, we 
performed simultaneous TMS and electrophysiological recordings in parietal area PFG of two 
macaque monkeys during a visually-guided grasping task (VGG). We measured the changes in 
neuronal activity in a region located directly under the center of stimulation, and analyzed the 
spatial (7 mm antero-posterior, 3 mm medio-lateral and 6 mm dorso-ventral) and temporal extent 
of TMS effects. In the stimulation trials, single TMS pulses were applied either at 60% (low 
intensity) or at 120% (high intensity) of the motor threshold. With this protocol, we recorded 378 
PFG neurons in two animals and quantified the net evoked activity, comparing the average 
response of all neurons tested with high intensity TMS before (-70 to -30 ms) and after (30 to 70 
ms) stimulation to the same intervals in the absence of stimulation. Single pulse TMS caused a 
short-latency excitation in PFG neurons, which emerged around 20 ms after stimulation, and 
lasted for approximately 50-80 ms. Surprisingly, this excitatory effect of TMS was significant (t-
test post- versus pre-stimulation interval) in only a single recording position in both monkeys. In 
this center of stimulation, TMS evoked a significant burst of activity in a substantial number of 



neurons (t-test, 25/46, 54% in monkey 1; 21/50, 42% in monkey 2). The net TMS-evoked 
activity averaged 16.7 (monkey 1) and 30.9 (monkey 2) spikes/sec at the center of stimulation. 
Even in neighboring recording positions (located 1 or 2 mm away from the center of stimulation, 
both in the anterior-posterior and medio-lateral directions), TMS did not induce a significant 
change in activity (average evoked activity less than 10 spikes/sec). Finally, behavioral analyses 
of the VGG task revealed that single-pulse TMS applied over PFG during the reach-to-grasp 
movement caused a significant increase in the grasping time in both monkeys. Thus, single-pulse 
TMS over parietal cortex causes a robust, transient burst of activity in single neurons which is 
remarkably local, providing the first validation of the effect of single-pulse TMS on single 
neurons during behavior. 
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Abstract: To execute accurate movements, animals must continuously adapt their behavior to 
changes in their body and the environment. Animals can learn changes in the relationship 
between their locomotor commands and the resulting displacement of the body, then adjust 
command strength to achieve a desired locomotion. It is largely unknown which circuits 
implement this form of motor learning. We use whole-brain neuronal imaging and circuit 
manipulations in larval zebrafish to perform a functional screen of brain regions involved in 
short-term motor learning. We find that the serotonergic system, in particular the dorsal raphe 
nucleus, stores a memory of learned motor drive that builds up during training. We identify the 
motor and sensory signals that drive the formation of this memory, and demonstrate causal 
relationships between raphe activity and behavior. 
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Title: Probing a sensorimotor transformation in dorsomedial frontal cortex using 
electrophysiology and optogenetics 
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Abstract: A central question in neuroscience is how the brain uses sensory inputs to generate 
appropriate motor outputs. A recent study used a time interval reproduction task in monkeys to 
address this question (Jazayeri and Shadlen 2015). Results were consistent with a “preplanning” 
model in which the brain uses an estimate of elapsed time during the measurement of an interval 
to compute an ongoing motor plan. However, to test the preplanning model more definitively, it 
is important assess how the same sensory input can be used to plan different motor responses. 
Therefore, we designed a variant of the time interval reproduction task in which the relationship 
between the measurement and production intervals varied between two contexts. In the first 
context, monkeys had to reproduce the sample interval, similar to the previous study. In the 
second context, monkeys had to produce an interval that was 50% longer than the sample 
interval. In other words, the two contexts had similar sensory information but required the animal 
to apply two different gain factors to compute the appropriate motor plan. We recorded activity 
in dorsomedial frontal cortex (dMFC) of monkeys measuring and producing time intervals in 
alternating blocks of trials associated with the two behavioral contexts. dMFC responses in the 
measurement and production epochs were modulated by elapsed time. Consistent with the 
preplanning model, the gain factor influenced neural responses during the sensory measurement 
and the magnitude of the effect was time dependent. To gain further insight into the nature of 
dMFC signals and to test their causal effect on behavior, we perturbed neural activity in dMFC 
using optogenetics. We transduced dMFC neurons using a virally mediated red-shifted chloride 
pump (JAWS, Chuong et al. 2014) that enabled us to modulate activity at multiple time points 
during the task. In our initial tests with brief optical stimulations, we were able to perturb 
responses of a substantial fraction of neurons (n = 48/221) in the vicinity of the injection sites. 
However, these effects were largely limited in time to the stimulation intervals, and stimulation 



had no significant effect on task performance. We therefore used a stimulation protocol in which 
we targeted a larger volume of dMFC for longer durations, which enabled us to influence 
behavior reliably. Ongoing work aims to use this protocol to further examine how activity in the 
measurement epoch is used to generate the appropriate motor plan in the production epoch. 
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Title: Anatomy and function of an inter-hemispheric neural circuit in the zebrafish optic tectum 
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Abstract: The optic tectum is the main retino-recipient brain structure in zebrafish and as such 
each tectal hemisphere receives direct input exclusively from the contralateral retina 
respectively. Based on observations of the behavior of zebrafish larvae during capturing of prey, 
like e.g. paramecia, it is likely that visual signals coming from both eyes of the animal have to be 
integrated e.g. for efficient hunting (Bianco et al. 2011, Bianco et al. 2015) but the neural 
substrate for binocular integration is as of yet unknown. 
We recently identified a zebrafish line that specifically expresses the trans-activator Gal4 in a 
novel, previously undescribed neuron population in the visual system of the zebrafish. Using 
transient UAS:GFP-expression for single-cell labeling in this zebrafish line, we find these 
neurons to be bilateral-symmetrically distributed directly adjacent to the ventral tectum. 



Furthermore, they send their axons through and form arbors in both tectal halves and were thus 
termed intertectal neurons (ITNs). ITNs are therefore good candidates for the potential transfer 
and/or the integration of visual signals originating from both eyes. 
First, we described the anatomy and temporal development of the ITN neurons and their 
connections, i.e. their axon trajectories and arbors, potential up- and downstream neurons, the 
development and distribution of the ITN synapses and also their neurotransmitter type. 
Second, to physiologically describe a potential intertectal signal transfer, we performed unilateral 
eye-ablation at 2dpf and subsequently 2photon-Ca-imaging at 5-6dpf. We observed Ca-transients 
in the tectal hemisphere not receiving any retinal input that were nevertheless time-locked to the 
presented visual stimuli. Moreover, these transients were co-localized in the tectum with the 
position of ITN arbors originating from the contralateral ITNs. Furthermore, we established that 
ITNs themselves respond to a wide range of visual stimuli including looming stimuli and 
direction selective bars. 
Finally, we tried to understand the role of the ITNs during behavior. To this end we unilaterally 
ablated genetically stained ITNs using 2photon imaging and subsequently examined free-
swimming behavior parameters using a high-speed camera in ablated vs. ctrl fish. 
In summary, we anatomically describe novel inter-hemispheric neural connections in the 
zebrafish visual system and aim to establish their role in inter-tectal visual signal transfer as well 
as their functional role during behavior. 
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Title: Probing and modeling the causal role of mouse cortical areas in visual discrimination 
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Abstract: Perceptual decisions depend on an interaction between physical stimuli and internal 
variables such as bias and sensitivity. To investigate the causal role of cortical regions in this 
interaction, we performed optogenetic inactivation in multiple regions of mouse cortex during a 
visual discrimination task. 
Mice were trained on a two-alternative unforced choice task (Burgess et al, bioRxiv 2016). After 
an auditory cue, grating stimuli of variable contrast appeared in the left and right hemifields. 
Mice were rewarded for turning a steering-wheel to indicate which hemifield contained a 
stimulus of higher contrast, or for refraining from turning the wheel (a “no-go” choice) if no 
stimulus was present in either hemifield. We implanted a head post and transparent skull cap in 
mice expressing ChR2 in Pvalb-positive cortical interneurons and trained them on the task. On a 
random subset of trials, a 473 nm laser mounted on a motorized manipulandum inactivated a 
single site, randomly chosen out of 52 sites over the cortex. 
We quantified the mouse’s behavior and the effects of focal inactivations using a generalized 
linear model. This model fits the probabilities of choosing left, right, or no-go in terms of 
parameters representing bias (bL,bR) and stimulus sensitivity (sL,sR). The model was expanded to 
incorporate additive effects of optogenetic inactivation on the bias and sensitivity parameters at 
different cortical sites. The parameter fits thus estimate the effect of inactivation on these 
perceptual attributes. 
We found that inactivation in primary and secondary visual areas, and secondary motor cortex, 
reduced unilaterally the bias terms bL and bR. This effect corresponds to a choice bias away from 
contralateral stimuli. We also found that inactivation of primary visual cortex reduces the 
sensitivity to contralateral stimuli, reflected in a decrease in sL and sR. For other cortical regions 
there was little effect. 
These results demonstrate that visual cortex and a subregion of secondary motor cortex are 
required for the mouse to discriminate visual stimuli based on contrast. Inactivation of either 
region caused a bias, but only visual cortex determined sensitivity. These findings prepare us to 
investigate these areas in greater detail, to further uncover the causal neural structures that drive 
visual discrimination. 
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Title: Adaptation of perception of upright during prolonged head tilts is not mediated by changes 
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Abstract: Torsional eye movements are rotations of the eye around the line of sight and they 
occur when we tilt our head towards the shoulder. Perception of upright is usually assessed by a 
psychophysical task known as subjective visual vertical (SVV) which quantifies the orientation 
of a visual line that a subject perceives as aligned with the direction of gravity. Torsional eye 
movements change the orientation of the visual stimulus on the retina thus playing a critical role 
in our perception of upright. Previous studies have shown that both torsion and SVV can drift 
over time during prolonged head tilts. Here we directly compared the amount of drift of torsion 
and drift of SVV during continuous recordings of 15 minutes. We used a novel video tracking 
method to measure torsion and an adaptive paradigm to continuously measure SVV. Both SVV 
and torsion were also measured after subjects were brought back to upright position to study any 
aftereffect caused by the prolong head tilt. We found that torsion always drifted towards zero 
(the eye position during upright) by an average of 0.8 degrees and between 0 and 3 degrees 
depending on the subject. SVV, on the other hand, was much more variable across subjects with 
a drift ranging from 0 to 10 degrees and an average of 5 degrees towards the direction of the 
head tilt. After the head was brought back to upright position, there was a significant SVV 
aftereffect of 4 degrees in the same direction as the drift. There was a trend in the aftereffect in 
torsion but was not significant and only 0.2 degrees on average. The amount of drift in torsion 
and SVV was not correlated across subjects, nor it was the aftereffect. That is, subjects with 
larger torsional drifts or aftereffects did not necessarily have larger SVV drifts or aftereffects. 
Our results show that the drift in upright perception during head tilt and the aftereffect are not 
due to changes in torsional position of the eyes. 
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Title: Anodal tDCS stimualtion over mIPS improves online control in reaching 
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Abstract: Goal-directed reaches can become inaccurate due to multiple reasons, e.g. sensory 
noise or changes in the environment. Therefore, the human brain uses an online-control system 
to correct for movement errors and lead the hand precisely to a target. The posterior parietal 
cortex (PPC) seems to be crucially involved in online corrections during reaching. When 
transcranial magnetic stimulation is applied to the PPC, no corrections to sudden changes in 
target position occur; similar to patients with bilateral lesions in the PPC (Desmurget et al., 1999; 
Grea et al., 2002). 
We wanted to investigate the role of the middle intraparietal sulcus (mIPS) for online corrections 
during reaching. By using high-definition transcranial direct current stimulation (HD-tDCS) we 
set out to alter the activity in the mIPS and examined the behavioral effects due to anodal or 
cathodal stimulation. Subjects took part in the experiment on two days, one with anodal and one 
with cathodal stimulation. The experiment was divided into 3 sessions: Baseline, Stimulation, 
Post-Stimulation. Each session included 4 blocks. Each block consisted of 80 trials, 20 each to a 
left or a right located target and 40 to a central one. On half of the trials to the central target, the 
target was jumped at hand movement onset to the left or right target location. We measured the 
curvature of movements to jumping targets and the latency of online correction for hand and eye 
movements. 
The polarity of stimulation significantly changed the curvature of the online correction 
movements, across sessions. Reaching movements were less curved for anodal stimulation 
during stimulation and post-stimulation, reflecting better online corrections; they did not change 



with cathodal stimulation. In addition, we quantified the influence of stimulation on the online 
correction latencies for hand and eye movements as the difference between the baseline and each 
of the upcoming sessions and compared the effects for the polarities. We found that the size and 
direction of these effects were highly correlated between the hand and eye movements. 
In summary, anodal stimulation, which presumably increased mIPS excitability, led to smoother 
online correction movements. Our results provide further evidence for a crucial role of the mIPS 
and PPC in general in online correction for reaching. Furthermore, the correlation between the 
effect of stimulation on the online correction latency of hand and eye movements suggests a 
common mechanism for both effector systems. This mechanism may be associated with the 
updating of target locations (Gaveau et al, 2008) or the coupling between effectors during eye-
hand coordination (Bowman et al., 2009). 
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Abstract: Numerous electroencephalograph (EEG) evidence indicates the important role of 
sensory-motor phase synchronization in integrating several functions on achievement of stimulus 
related response. However, it is not well known about the causal relationship, namely, whether or 
not the observed EEG phase synchronization really induces the behaviors. Using transcranial 
alternative / direct current stimulation (tACS / tDCS) method to manipulate the effective 
connectivity in oscillatory sensory-motor networks, we estimate the modulation of the EEG 
synchronization and that of the sensory-motor response time. First, we confirmed the beta (about 
20Hz) and alpha (about 10Hz) phase synchronizations between the visual and motor areas, which 
is consistent with previous findings. Second, the beta and alpha phase synchronization increased 



after the 20 Hz and 10Hz tACS was applied to the visual and motor areas, respectively. 
Interestingly, the response time after the 10Hz tACS was faster than before the tACS, and the 
facilitated performance was significantly correlated with the enhancements of alpha but not beta 
phase synchronization. Finally, the electronic current flows from the input visual area to the 
output motor area (i.e. in case of the cathodal tDCS to the motor area and the anodal tDCS to the 
visual area) facilitated the alpha phase synchronization and the response time. These results 
strongly indicate that the alpha phase synchronization is crucial in mediating effective 
connectivity among oscillatory network and in facilitating the sensory-motor reaction. 
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Abstract: During each saccade, visual information is largely lost due to a retinal slip, yet we 
perceive the visual world as continuous in time. This means that the gap duration is filled with 
some information. A well-known temporal illusion, chronostasis, suggests that the brain fills the 
gap duration with post-saccadic visual information (Yarrow et al., 2001). However, this temporal 
filling-in does not occur when visual information is altered during the saccade. This led us to 
hypothesize that the brain preserves pre-saccadic visual information until after the saccade for 
comparison so as to determine whether to fill in the gap or not. In this study, we aimed to test the 
hypothesis by studying neural responses in motion areas MT and MST around the time of 
saccades. We recorded extracellular activity of single neurons in areas MT and MST, while two 
macaque monkeys performed a visually guided saccade task. In each trial, monkeys made a 10-
degree saccade toward a visual target that appeared on a tangent display in one of four directions 
(up, down, left, and right). The display (120 x 90 degrees) was divided into a six-by-nine or five-



by-eight grid of subfields. Within each subfield, a random-dot motion was presented in one of 
four directions at random: a preferred direction, an anti-preferred direction, and two orthogonal 
directions. The direction within each subfield was updated every 50 ms. We quantified 
information about stimulus direction (two bits at a maximum) encoded by spikes of each neuron 
during a 10-ms time window, which was moved along the peri-saccadic period from -300 ms 
(before) to +300 ms after the saccade. Neural discharges of MT and MST neurons generally 
encoded information on motion with a fixed latency of around 50 ms. However, spikes lost any 
information during an early post-saccadic period from +30 to +70 ms, then at around +80 ms 
they transiently encoded pre-saccadic information at -80 ms in addition to the default 
information at +30 ms with the fixed delay. The results clearly show that MT and MST neurons 
represent visual information just before and just after saccades during the transient post-saccadic 
period. We infer that the pre- and post-saccadic information during the short post-saccadic period 
is used for comparison to determine whether to fill in the temporal gap. 
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Abstract: Prediction is a fundamental task of animal nervous systems, but the computations that 
underlie prediction are largely unknown. Recent work has shown that amphibian tongue 
projections compensate for phototransduction and head movement delays by extrapolating prey 
motion (Borghuis and Leonardo, 2015). One hypothesis is that this extrapolation occurs in the 
retina, as activity in amphibian fast-OFF retinal ganglion cells has been shown to predict object 
motion (Berry et al., 2013). A tracking estimate to guide the tongue could be extracted from fast-
OFF population activity by a population vector average (PVA); if so, tongue projections will 
have characteristic prey size- and speed-dependent errors arising from fast-OFF cell population 
dynamics (Leonardo and Meister, 2013). We tested this by presenting toads (Anaxyrus terrestris) 
with artificial prey and recording prey-capture kinematics with high-speed video. Consistent with 



fast-OFF/PVA tracking, we find that tongue projections are systematically biased ahead-of-
center for prey elongated in the direction of motion. We measured the total visuomotor delay that 
is compensated by neural prediction by presenting toads with prey that unpredictably reversed 
direction. The reaction to these reversals shows that prey-capture is not ballistic, as often 
assumed, but under continuous control from delayed visual signals. Under photopic conditions 
this reduces the total visuomotor delay by half as compared to ballistic behavior, simplifying 
prediction. However, toads often hunt under low-light conditions where visual latency can 
increase dramatically, leading us to ask whether these animals used specific knowledge of the 
visuomotor delay to predict the prey’s future position. We find that dark-adapted animals fail to 
compensate for increased retinal latency, suggesting that animals can only approximate the 
system delay. Finally, we tested the ability of toads to use prey velocity information to predict 
the prey’s future position. In contrast to the speed-dependence of the fast-OFF/PVA model, we 
find that tongue projection accuracy is unchanged over a 4-fold range of prey speeds. Thus, it is 
likely that additional predictive computation in the brain uses prey velocity information to 
correct for speed-dependence in retinal tracking. Together, our work shows that distributed 
neural prediction corrects for prey motion during a visuomotor delay that is minimized by 
continuous visual control. This prediction accurately corrects for a wide-range of prey velocities, 
but not for variations in the delay itself. 
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Abstract: Evolutionary history and anatomical connectivity of the thalamic dorsal pulvinar 
suggest its involvement in visuomotor processing and coordination of eye and hand movements. 
However, since classical visuomotor tasks rarely have been employed in studies of the pulvinar, 
little is known about its function in goal-directed behaviors. We investigated spatial and effector 
specificity of neuronal responses in the dorsal pulvinar in two rhesus monkeys performing 
visually-guided, delayed/memory saccades and free-gaze/eye-hand dissociated delay reach tasks 
to instructed and chosen locations. Effective connectivity and effects on spatial tuning in 
interconnected cortical areas of a given pulvinar site were probed by a combination of electrical 
microstimulation and fMRI. Pulvinar microstimulation potentiated contraversive BOLD signal 
representations in frontoparietal and temporal cortices. Correspondingly, it led to spatially-
specific reaction time and saccade choice changes consistent with overall contraversive “drive”, 
but contingent upon the timing of stimulation and behavioral state imposed by the task. In 
saccade and reach tasks, dorsal pulvinar neurons exhibited diverse patterns of spatial tuning in 
cue, delay/memory, pre-, peri- and post-movement epochs; the tuning, as well as the sign of 
effect (facilitation or suppression) often differed across task epochs. Notably, many cells were 
modulated by the gaze position and exhibited spatial tuning only after the saccade execution. In 
saccade tasks across the sample (N = 404), we found no or weak contralateral spatial tuning for 
either visual cues or oculomotor responses. Thus, no systematic visual or oculomotor map was 
derived. Some cells were active during fixation but paused during saccades, similar to cells in the 
superior colliculus. Neurons investigated with reach tasks (N = 110) often showed left/right hand 
specificity and/or interaction between space and hand variables. Furthermore, visual and 
saccade-related responses exhibited hand-specific modulations even when a hand was positioned 
fixedly on the screen throughout entire trial, implying postural interactions. Taken together, our 
results suggest that hemifield-specific effects of pulvinar inactivation and stimulation are 
predominately due to its influence on contralaterally-tuned cortical and subcortical regions. The 
modulation of pulvinar responses by gaze and hand contingencies supports its contribution to 
coordination of visually-guided actions and transformations between spatial reference frames. 

Disclosures:  I. Kagan: None. A.U. Dominguez-Vargas: None. L. Schneider: None. L. 
Gibson: None. M. Wilke: None. 

Poster 

716. Visual Sensory-Motor I 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 716.18/NN10 

Topic: D.08. Visual Sensory-motor Processing 

Support: SFB 936 (LAD) 



 Swedish Medical Research Fund No 12594 (GMI) 

 Wenner-Gren Foundation fellowship (PRM) 

Title: A qualitative analysis of the thalamo-cortical and cortico-cortical areal connectivity of the 
posterior parietal cortex in the Ferret (Mustela putorius). 
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Abstract: The ferret is an important model for studying brain connectivity due to its elaborate 
behaviour and well studied physiology. Studies have mapped the cortico-cortical connectivity of 
the extrastriate cortex and the auditory cortex in the ferret, but none have examined the posterior 
parietal cortex. 
Biotinylated dextran amine (BDA) was injected into the medial and lateral rostral (PPr) and 
caudal divisions (PPc) of the posterior parietal cortex of the ferret to visualize anterograde and 
retrograde connectivity of these areas as well as afferent and efferent connections with the dorsal 
thalamus. 
The PPr and PPc in the ipsilateral hemisphere displayed very dense retrograde and anterograde 
connectivity within these regions as well as the closely surrounding visual regions. The 
retrograde connectivity tapers off towards the more distal regions while the anterograde 
connectivity is observed as numerous dispersed clusters of low to moderate terminal networks 
throughout the cortex. The retrograde and anterograde connectivity of the PPr shows a larger 
propagation towards the somatosensory and motor cortices than the PPc, which is expected as 
the PPr receives visual and somatosensory input. The anterograde connectivity of both the PPr 
and PPc within the contralateral hemisphere displayed the similar extend of weak to moderate 
‘patchiness’ as seen in the ipsilateral hemisphere. Contralateral retrograde connectivity was 
observed in both the PPr and PPc but the density of these connections were less intense than that 
observed in the ipsilateral hemisphere and the distribution less dispersed. Furthermore, the 
distribution of the retrograde connectivity of PPr was confined to the primary motor and 
somatosensory cortices as well as the posterior parietal cortex whereas that of the PPc extended 
to the extrastriate cortex. The PPc displayed a more dispersed degree of cortical afferents to the 
dorsal thalamus than the PPr, however both cortices displayed efferent projections to the 
thalamus that appeared as bands of moderately dense terminal networks within the lateral 
posterior, ventral anterior nuclei and pulvinar nuclei. These bands were each enclosed by a halo 
of weak to moderately dense terminal networks. 
Further connectivity studies are necessary to add to the existing cortical ‘ferretome’ and thus aid 
modeling of brain connectivity across species. 
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Abstract: Sensorimotor integration (SMI) enables effective responses to sensory stimuli via 
performance of appropriate motor actions. Cortical contributions to SMI are well established, 
however subcortical inputs are often neglected or yield inconsistent activity patterns. The 
cerebellum is emerging as a principle candidate for evaluation of incoming stimuli prior to 
relaying this information to the somatosensory cortex. Cortical activity associated with stimuli 
evaluation can be measured using the mismatch negativity (MMN), a response reflective of pre-
attentive detection of changes elicited in the 120-180 ms latency range in response to deviant 
stimuli interspersed amongst frequent stimuli. Typically this is observed fronto-temporally in 
response to auditory stimuli. Investigation of this response to somatosensory stimuli (S-MMN) 
has identified abnormalities in the MMN in unilateral cerebellar lesion patients. While this 
provides a unique population from which to measure responses in affected and unaffected 
hemispheres, lesion variability may affect results. Therefore, to validate the presence of 
cerebellar input in the earliest moments of sensory processing, the MMN to somatosensory 
stimuli was assessed pre and post transient inhibition of cerebellar output. As a secondary 
outcome of interest, the N24, an early latency peak hypothesized to have cerebellar inputs, was 
also measured. To do this, continuous theta burst stimulation (cTBS) was performed on the 
lateral cerebellum ipsilateral to the dominant hand. Participants received frequent and deviant 
stimulations to the median nerve and on the 5th digit respectively in an oddball paradigm 
delivered pre and post cTBS. Post blocks were delivered at 3 time points following cTBS (Post 
1,2,3 - 0,10,20 min). Scalp responses were averaged and measured using a 64 channel EEG cap. 
Preliminary results demonstrate a large negativity in response to deviant stimulation pre cTBS in 
the 120-180 ms latency range, this appears parieto-occipitally. Following application of cTBS, 
there is a blunting of the MMN such that responses to frequent and deviant stimuli appear 
similar; this effect is maximal in the Post 3 block. The N24 demonstrates an amplitude decrease 
apparent during Post 2 and Post 3 time points. Present data indicate that cerebellar processing is 
crucial for pre-attentive detection of changes in incoming sensory information; evidence of 
cerebellar input in early latency peaks is also provided. Validating the presence of cerebellar 



input for early sensory processing in a healthy population can provide insights into investigating 
cerebellar abnormalities in aging and disorders with behavioural anomalies. 
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Title: Sensorimotor circuit function in orientation and aversion - a common vertebrate plan 
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Abstract: Sensory-based decisions for redirecting gaze involve the interaction of subcortical and 
cortical circuits. The optic tectum (superior colliculus in mammals) is central for multisensory 
integration and motor control of gaze movements (both orienting and aversive). The interaction 
between multisensory afferent inputs, the basal ganglia and cortex with local tectal circuits play a 
determinant role in guiding gaze - the synaptic integration of which remains unknown on the 
cellular, synaptic and circuit level. 
We have previously shown using the lamprey that the tectal GABAergic system is necessary for 
generating visual stimulus selection through a process of local excitation and global inhibition 
for the direct regulation of activity in brainstem projecting neurons (Kardamakis et al., 2015). 
We found that retinotopic recruitment of GABAergic neurons across the tectum is integrated 
directly by tectal output cells. Recently, we have also shown that two senses (visual and 
electrosensory) converge onto the same output neurons with monosynaptic excitatory 
connections, and that the evoked synaptic currents from the two inputs summate thus 
potentiating each other when they are aligned in space and time (Kardamakis et al., review). 
Our overarching goal is to map the set of stimuli and afferent synaptic inputs arising from the 
basal ganglia output nuclei and other forebrain inputs including the pallium (mammalian 



homologue of cortex) that selectively activate either contralateral or ipsilateral tectal-brainstem 
output channel responsible for orienting and aversive gaze movements. 
Here, we have developed an isolated preparation that maintains eyes, brain and spinal cord intact 
enabling us to simultaneously monitor neural responses from the optic nerve, optic tectum, 
extraocular muscles and ventral roots, while delivering visual stimuli ranging from dots, bars and 
looming in a computer-controlled environment. 
We recorded single units from motoneurons and bursts of ventral root activity in response to 
dark looming stimuli in the upper visual field in the rostral spinal segments - reflecting episodic 
fictive head movements that are aversive (n = 6). When smaller stimuli are used, phase-tonic 
activity was recorded unilaterally indicative of an orienting gave movement (n = 3). Neural 
correlates of these gaze reorientation commands were identified by monitoring optic nerve, deep 
layer tectal and reticulospinal activity during visual stimulation, enabling us to apply 
pharmacological perturbations to forebrain/midbrain structures including striatum, pallium and 
pretectum to determine their involvement in shaping this sensorimotor decision-making process. 
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Abstract: Accurate control of eye movements is critical for humans and other primates who rely 
on vision to survive. Saccades are conjugate when they occur between equidistant targets, while 
vergence eye movements rotate the eyes in opposite directions to effect changes in the depth of 
fixation. This is essential for accurate binocular vision. Vergence eye movements are typically 
slow, but during saccades between targets at different depths, the vergence velocity is enhanced 
compared with similar amplitude movements occurring in the absence of saccades. 
It is currently unknown whether the observed enhancement behavior is due to an interaction 
between the neural mechanisms responsible for saccade and vergence movements. Previous 
studies have identified neurons that may encode vergence velocity, but the activity of these cells 
has not been described during saccade-vergence movements, so it is unclear whether they encode 
the enhanced vergence velocity observed during saccades. In the nucleus reticularis tegmenti 
pontis (NRTP), neurons have been identified with activity related to saccadic eye movement, 
static vergence angle as well as vergence velocity, suggesting the region may be well positioned 
to encode saccade-vergence interactions. 
In this study, we investigated the activity of individual neurons in the NRTP while monkeys 
made combined saccade-vergence eye movements to plus-shaped LED targets displayed at 
varying depths. Our experimental setup allowed for horizontal, vertical and oblique saccades 
with or without changes in depth. We recorded the activity 29 near and six far response cells in 
the NRTP of a rhesus macaque performing this task. Of these, 30/35 also showed a burst of 
activity during saccades with vergence changing in the preferred direction (29 convergent and 
one divergent), while 31/35 show a pause during saccades that changed vergence in the opposite 
direction. Most cells showed both pauses and bursts, with a minority only pausing (5/35) or only 
bursting (4/35). 
We further compare these findings with previous recordings from our lab of 27 near and eight far 
response cells in the supra-oculomotor area (SOA). Only 5/33 neurons in SOA displayed a burst 
associated with saccades with on-direction intrasaccadic vergence but 26/33 showed a significant 
reduction in firing rate (below the post-movement baseline) associated with saccades with off-
direction intrasaccadic vergence. These data indicate that the NRTP is more sensitive to 
intrasaccadic vergence velocity than the SOA, while static vergence angle is more strongly 
represented in the SOA. 
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Abstract: Purpose: The superior colliculus (SC) is a layered midbrain structure involved in 
directing eye movements and coordinating visual attention. Electrical stimulation and neuronal 
recordings in the intermediate layers of monkey SC has revealed a retinotopically organized 
saccadic eye-movement map. However, the polar angle representation of saccades in human SC 
has not been well studied. We used high-resolution fMRI to map the representation of eye 
movements in human SC. Methods: We used a phase-encoding approach similar to previous 
human studies of saccadic mapping. However, these studies operated with a very low duty cycle 
(1 saccade every 5 s) and reverse saccades made immediately after forward saccades. We 
designed a novel paradigm in which subjects performed multiple forward saccades, then returned 
to the opposite visual field using guided smooth pursuit. Subjects made series of saccades either 
to left or right (activating primarily the contralateral SC) while we cyclically varied the vertical 
component of the cue to correspond to saccades in the lower, horizontal, and upper visual field. 
Attention was engaged via a target discrimination task at the end-point of every saccade and 
along smooth pursuit. Eight quasi-axial slices covering SC were imaged on a Siemens 3T Trio 
(2.4 sec/volume, 1.2-mm voxels). Each run consisted of 9, 28.8-s-duration cyclic repetitions of 
the 3 saccade directions; imaging sessions included 14—16 runs which were subsequently 
averaged. Sinusoids were fit to the data, yielding phase data that related the fMRI response to 
saccade angle. Phase encoding with moving-dot stimuli measured the polar-angle representation 
of the visual field in SC. Results: The expected lateral-to-medial phase progression was 
observed in all subjects (Fig). Also, we found the saccadic maps lie deeper in the SC 
(intermediate layers) and are in alignment with the more superficial visual-field retinotopy. 
Conclusion: Our techniques in psychophysics and imaging allow us to relate findings in non-
human primates to human SC, strengthening our understanding of subcortical vision. 
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Abstract: Latent vertical eye position imbalances are physiologically compensated by vertical 
fusional vergence to prevent diplopia. In some people, such imbalances develop early in life and 
increase gradually so that enhanced vertical fusional vergence can intermittently control vertical 



strabismus. In 4 subjects with intermittent hypertropia (HT) averaging 5.3°, we asked if 
differential compartmental contractility in cyclovertical extraocular muscles (EOMs) underlies 
vergence mechanisms that control intermittent strabismus. Surface coil magnetic resonance 
imaging (MRI) was repeated for each orbit in fusing and deviated conditions, with one eye 
always aligned to distinguish fusion from monocular fixation of the same target. Contractility, 
indicated by change in posterior partial volume (PPV), was analyzed by automated algorithm in 
the medial (equatorial insertion, torsion) and lateral (posterior insertion, vertical) superior 
oblique (SO) compartments, the superior vs. inferior horizontal rectus compartments, and medial 
and lateral IR compartments. MRI confirmed no significant vertical or horizontal eye position 
differences between fusion and monocular fixation. Infraduction of the higher eye to monocular 
central gaze was associated with 6.2±1.0% (SEM) whole IR PPV increase, with further 
3.3±5.2% increase from monocular central gaze to central gaze fusion, in both cases with similar 
behavior in medial & lateral compartments. Supraduction of the lower eye during monocular 
switch to fixation was accomplished by 8.3±1.7% PPV decrease in whole IR and 5.6±6.1% 
increase in whole superior rectus, in both cases with similarly in medial & lateral compartments. 
The SO behaved similarly with 9.6±5.9% PPV decrease, again similar in both compartments. In 
contrast, shift from monocular viewing to fusion without position change was associated in the 
lower eye with 10.1±3.7% PPV decrease in the lateral IR, but 3.8±4.8% increase in the medial 
IR compartment (P=0.008). No other rectus or the SO exhibited significant whole or differential 
compartmental contractility during change from monocular fixation to fusion. The lateral IR 
compartment is innervated by a second motor nerve branch supplementing main IR innervation. 
Supplemental innervation of the lateral IR may be the basis for unique contribution of the lateral 
IR to vergence compensation of intermittent HT. Differing contractility of the lateral IR during 
fusion vs. monocular fixation despite identical eye position confirms absence of a final common 
pathway in the ocular motor system. 
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Title: New insights on receptive field remapping with evidence from primate area V4 

Authors: *S. NEUPANE, D. GUITTON, C. C. PACK;  
Montreal Neurolog. Inst., Montreal, QC, Canada 

Abstract: Neural representations of visual space are classically thought to be determined entirely 
by the pattern of retinal inputs. From this standpoint it is surprising that receptive fields in 
multiple visual areas of the primate brain have been found to change their position, before a 
saccade begins, to the spatial position they will occupy after the saccade (Duhamel et al 1992, 
Sommer and Wurtz 2006, Neupane et al 2016).While some studies have reported such forward 
remapping, in which receptive fields shift to their postsaccadic locations, others have reported 
convergent remapping, in which receptive fields shift toward the saccade target (Tolias et al 
2001, Zirnsak et al 2014). We have found that both mechanisms exist in area V4 (Neupane et al 
2016). Here we report new neurophysiological data using an experimental configuration in 
which both forward and convergent remapping would lead to receptive field shifts in opposite 
directions. We show that forward remapping is the dominant type of receptive field shift in V4. 
In a minority of the neurons, receptive fields first shifted towards the forward direction and 
subsequently reversing direction to follow the convergent direction. Furthermore, remapping 
seems to require a transient rewiring of position signals matched according to the spatial and 
temporal properties of each saccade. One candidate mechanism that could support remapping is a 
change in the coherence of oscillatory LFP signals between distant sites on a retinotopic map. 
Indeed oscillatory coherence has been shown to support transient rewiring of neural circuits in 
other contexts (Fries 2015), with different functions being associated with different frequencies. 
We therefore asked whether the two types of remapping were implemented on a cortical map via 
coherence at different frequency bands. We recorded from multi-electrode arrays while monkeys 
performed a saccade task. This allowed us to record simultaneously from two groups of neurons: 
those encoding the current receptive field and those encoding the post-saccadic future receptive 
field. We found that the two neural population located on the V4 retinotopic map and separated 
by a distance specifying the saccade vector, had coherent LFP oscillations in the frequency range 
of 8-12Hz around the time of saccade execution. At a later time after the saccade, we found 
coherence in gamma (40-60Hz) frequency range between the neural populations encoding 
respectively the visual space near fovea and those encoding the periphery. We propose that rapid 
changes in connectivity on a retinotopic map can be achieved dynamically by changes in 
synchrony across different neural populations in specific frequency bands. 
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Abstract: Saccadic eye movements are perhaps the most ubiquitous manifestation of the 
perceptual decision and motor choice mechanisms that underlie visually-guided behavior. Once 
thought to be highly stereotyped and ballistic in nature, there is evidence to suggest that a 
signature of the decision-making processes that precede a saccade may exist within its metrics 
and/or kinematics. However, no study to date has provided a precise account of the impact of 
perceptual information processing on oculomotor dynamics as they unfold over the time course 
of saccade preparation. We investigated this using a novel urgent-choice paradigm in which the 
time available to view stimulus information prior to committing to a saccadic choice varied on a 
trial-by-trial basis. Our findings demonstrate that saccade velocity, amplitude, curvature, and 
endpoint precision all vary continuously as a function of perceptual processing time, and changes 
in these metrics track closely the processing-time-dependent changes in overall choice 
performance characteristic of the task. Interestingly, the amplitude and peak velocity effects 
observed are not redundant, as perceptual processing time explains variance in the saccadic main 
sequence. Our findings provide a unique, moment-by-moment, glimpse into how the state of the 
perceptual decision-making process at the time of choice commitment impacts the execution of 
that choice. Said differently, these data suggest that the metrics of any given saccade may reflect 
— to a much finer level of detail than previously thought — the dynamics of the internal 
cognitive processes that preceded it. 
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Abstract: Neural oscillation theory offers a mechanism of coordinating brain networks for 
information processing. Neural signals in the beta frequency (20-35 Hz) are proposed to 
orchestrate top-down cognitive control, while gamma frequency (35-60 Hz) signals are proposed 
to propagate bottom-up information driven by the environment. Buschman & Miller 2007 tested 
this hypothesis while monkeys performed a visual search and pop-out saccade paradigm. In this 
task, a briefly presented cue is remembered over a short delay, followed by an array of 4 targets 
displayed in the periphery, and the subject is instructed to saccade to the remembered cue item. 
In the pop-out condition, the distractors in the 4 target array differ from the target in orientation 
and color. In the visual search condition, the distractors are similar in orientation or color, 
presumably leading to the need for increased cognitive control. In the pop-out condition, it was 
found that in gamma frequency signals from parietal cortex to the frontal eye fields (FEF) was 
associated with bottom-up processing whereas in the visual search condition beta frequency 
signals from FEF to parietal cortex was associated with top-down processing. 
Recent human studies have used rhythmic transcranial magnetic stimulation (rTMS) to disrupt or 
entrain neural oscillations in a specific frequency band. In this study, we applied 4 pulse trains of 
rTMS at 50 Hz (gamma) and 20 Hz (beta) to FEF and intraparietal sulcus (IPS) to 20 subjects 
while they perform the identical paradigm used by Buschman & Miller. On the first day, we 
collected fMRI data while subjects performed the visual search and pop-out saccade task in order 
to obtain subject-specific TMS target sites for FEF and IPS. On the following three days, we 
used rTMS to stimulate right FEF, IPS, and a control region (somatosensory cortex, S1). rTMS 
was applied at a critical stage for information processing: following the presentation of the target 
array in the perisaccadic window (just before a saccade is initiated). Beta rTMS was applied 30 
ms after the target array appeared whereas gamma rTMS was applied 120 ms after the target 
array. In both conditions, rTMS was actively applied at the time when criteria for a response is 



being formulated as shown in Miller & Buschman 2007. 
Following beta rTMS to FEF, as compared to S1, subjects had a faster reaction time and 
decreased accuracy during the visual search condition only. Our findings provide causal 
evidence complementing the physiological findings reported by Miller & Buschman 2007, 
supporting the proposal that beta oscillations emanating from FEF are necessary for cognitive 
control processes. 
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Abstract: In order to survive and thrive, motile organisms use sensory cues to navigate towards 
favorable environments. Efficient goal-directed locomotion requires a closed-loop coordination 
between motor action and sensory perception. Each movement induces a new sensory signal, 
which in turn modulates the forthcoming motor output. This mechanism is at play in a number of 
taxes behaviors, in organisms ranging from bacteria to humans. Numerous models have been 
proposed to account for this complex coordinated motion, but to date, no data are available to 
understand how these behavioral strategies might be implemented at the neural level in the 
vertebrate brain. 
Here we take advantage of the accessibility of zebrafish larvae to whole-brain imaging to 
identify and dissect the central neural circuit that subserves positive phototaxis. We first 
established, through behavioral assays, that saccade-induced gaze shifts and reorientation turn 
bouts are robustly coordinated, and that the statistics of gaze orientation is biased towards 
illuminated regions. We then used volumetric functional imaging and optogenetic activation to 
identify the circuit controlling spontaneous gaze dynamics by direct correlation between gaze-
shift sequences and neural activity (see figure). We demonstrated that this self-oscillating 
network is a substrate for visual integration. Its interaction with the visual pathway however 
differs from a simple stimulus-response pattern. Visual stimuli exert an action that depends on 



the circuit oscillatory phase at which they are delivered, a mechanism that manifests itself in the 
phase-locked entrainment of the circuit by periodic stimuli. We developed a rate-model of this 
circuit that reproduced most of our observations, and provides the first comprehensive 
description of how phototaxis can be implemented in the vertebrate brain. 
Projection map showing the neural population tuned to ocular saccades. This image was 
obtained from volumetric light-sheet based functional imaging. 
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Abstract: Perceptual decision making is the process whereby sensory information is used to 
guide choices and actions. We studied the dynamic interplay between perception, attention, and 
motor planning that is required for selecting both the action and the target for that action, and 
which is particularly crucial when time is limited. These processes are thought to have some 
correspondence with the characteristic visual (V), visuomotor (VM), and motor (M) cells found 
in the frontal eye field (FEF). Many tasks used for studying the participation of FEF in 
perceptually-driven choices require subjects to select an oddball stimulus, allowing for 
perceptual selection to occur before a motor report is imperative. The compelled saccade (CS) 
task developed in our lab reverses this order by first issuing a movement imperative and then 
varying the amount of perceptual information available to guide the decision. By applying the 
same temporal constraints to both a match-to-sample (CS) and an oddball task (CO), we 
explored how attentional conditions (top-down vs. bottom-up) impacted behavior and neural 
activity over a continuum of perceptual processing times. We recorded single-unit activity from 
characteristic FEF cells (V, VM, M) from non-human primates performing a battery of tasks 
varying in both urgency and attentional demands. We found that while V cells, traditionally 
thought to “select” targets independently of motor action, do not discriminate target from 
distracter in the CS task, they do so in the CO task, indicating that their selectivity is driven by 
bottom-up attention. We also observed that while motor and visuomotor cells faithfully convey 
saccadic direction in correct trials, their responses in error trials are substantially correlated with 
target location, demonstrating a direct impact of perceptual information on their activity. 
Furthermore, such modulation was stronger in the CO task and weaker — but still present — in 
the CS task, suggesting that both attentional mechanisms (bottom-up and top-down) are 
associated with traditional FEF choice-related activity. 
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Abstract: The visual system can remember the location of a peripheral target relative to the self 
(egocentric coordinates) or to an external landmark (allocentric coordinates). The relative 
influence of each reference frame have been examined for reach (Byrne & Crawford, J. 
Neurophysiol. 2010), but have not been systematically explored in the gaze control system. Here, 
we utilized a cue conflict paradigm to assess the effect of allocentric cues on gaze behaviour in 
the rhesus monkey. Two monkeys (M1 and M2) were trained to maintain central fixation while a 
target was presented for 100ms in one of eight radial directions, along with an allocentric cue 
presented at one of four oblique directions 11º from the target. This cue was the intersection of 
two horizontal/vertical lines spanning the visual field. After a 100ms delay, a mask was shown 
for 100ms during which the allocentric cue was displaced by 8° in one of eight radial directions. 
After a second delay of 300-700ms, the fixation point extinguished, acting as a ‘go’ signal for a 
head-unrestrained saccade towards the remembered target. To examine the effect of the presence 
of an allocentric cue on gaze behaviour, the allocentric cue was randomly removed in 50% of 
control trials where the cue did not shift. Overall, there was a significant (P < 0.01) influence of 
the cue on gaze endpoints, with a mean gain of 0.14 in M1 and 0.17 in M2 (where 0 = target 
location and 1.0 = cue location). In addition, this cue influence was significantly greater when it 
is closer to the initial gaze position (P < 0.01). In shift conditions, the monkeys did not look 
toward the original target or the cue location, but rather toward a point shifted partially towards a 
virtual target defined relative to final cue location (i.e., in allocentric coordinates). Overall, there 
was a significant (P < 0.01) allocentric shift in gaze endpoints relative to controls (with no cue 
shift), with a mean gain of 0.27 in M1 and 0.23 in M2 (where 0 = no shift and 1.0 = complete 
shift). In addition, the cue had a significantly greater effect when it is closer to the initial gaze 
position (P < 0.01), when it shifted away from the target (P < 0.01), and when it shifted away 
from the initial gaze position (P < 0.01). These findings suggest that internal representations of 
gaze targets are weighted between egocentric and allocentric cues, and this weighting is further 
modulated by specific gaze parameters. 

Disclosures:  J. Crawford: None. J. Li: None. V. Bharmauria: None. A. Sajad: None. R. 
Marino: None. X. Yan: None. S. Sun: None. H. Wang: None. 

Poster 

717. Eye Movements II 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 717.10/OO8 



Topic: E.01. Eye Movements 

Title: A model to predict human intention by means of eye movements 

Authors: *G. A. ZITO, A. FAISAL;  
Dept. of Bioengineering, Imperial Col. London, London, United Kingdom 

Abstract: We observe the world through discrete, rapid, focused eye movements acting to align 
the fovea with an object of interest. Visual information is vital to motor planning and thus 
monitoring eye movements gives significant insight into our motor intentions. While previous 
works (Yarbus, Land) focused on demonstrating that eye movement patterns are reflective of 
specific intentions, we study the inverse problem, to what extent action intention is predictable 
from eye movements. Thus, we aim to build a computational model that translates highly 
variable eye-movement patterns into predictions about possible actions. We measure visual 
exploration behaviour associated with different, well defined, activities of daily living in a table-
based scenario. In a first experiment, healthy volunteers are asked to perform a sequence of tasks 
(e.g. prepare breakfast, eat an apple) while their eye movements are tracked with a head-mounted 
eye tracker (including scene camera). The various interactions on each object are then associated 
with a particular pattern of eye movements. Given the high variability of the eye movements, 
even within restricted task contexts, probabilistic models and pattern recognition algorithms are 
used for the classification analysis. A Bayesian latent variable model is applied in order to learn 
the mapping from eye movement features to action. In a second experiment, aiming to validate 
the developed model, subjects freely perform the same set of tasks in the same scenario. The 
object they are interacting with is identified based on the analysis of the scene camera. This 
allows our model to run in a predictive mode, and to label the most likely intention that the 
subject is going to execute. We report the prediction accuracy of the model against subject actual 
actions. 
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Title: Spiking correlations in the frontal eye fields during eye movement planning 
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Abstract: Pairs of nearby cortical neurons exhibit correlated spiking activity. There is a strong 
link between the correlation among neurons and the amount of information that can be 
represented in a neuronal population. That link is particularly important at the decoding stage, 
when sensory signals are used to guide motor output, such as eye movements. Very little is 
known, however, about the correlated activity in areas that bridge the sensory and motor divide. 
The frontal eye fields (FEF) are considered to be the primary locus of cortical signals controlling 
eye movements. Because of this and the presence of neurons with both visual and motor 
responses, they are an ideal candidate for studying the role of correlated activity in planning and 
executing movements. Of particular interest is the connection between the populations of visual 
and motor neurons, which might be important for eye movement planning. We used a linear 
electrode array to record from groups of FEF neurons in alert rhesus macaque monkeys 
performing a conventional memory guided saccade task. We measured neuronal correlation of 
spiking activity on both short and long time scales (spike count correlation and synchrony). We 
found that correlated spiking activity in FEF was similar in a number of ways, such as 
dependence on distance and tuning similarity, to previous measurements in early visual cortex. 
When we focused specifically on connections between visual and motor neurons, we found a 
distinct pattern of results. The overall level of correlation between these groups was lower than 
visual-visual or motor-motor pairs, but it showed the strongest dependence on the direction of 
the planned eye movement. These findings suggest that visual and motor populations of neurons 
in the FEF play a unique role in transforming visual information to motor output. 
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Title: Palisade endings in extraocular muscles have an exocytosis machinery 
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Abstract: Proprioception from extraocular muscles (EOMs) provides the brain with eye position 
signals. Surprisingly, classical proprioceptors (muscle spindles and Golgi tendon organs) are 
absent in the EOMs of most mammals. Palisade endings have been assumed to be an alternative 
nervous end organ. These structures are formed by axons which extend into the tendon where 
they make a u-turn and divide into axonal branches that establish nerve terminals around the tip 
of a single muscle fiber. Palisade endings are exclusively present in EOMs of mammals 
including man. All frontal-eyed species exhibit palisade endings whereas they are infrequent and 
less elaborated in lateral-eyed species. For a century, palisade endings have been considered as 
sensory structures providing eye position information. The debate on the function of palisade 
endings has been reopened when recent molecular studies and neuronal tracing experiments have 
shown that they have a cholinergic phenotype and arise from motor nuclei. Despite these clear 
motor features, the function of palisade endings is unclear and it is still a matter of debate 
whether they are sensory or motor or eventually both. In motor neurons, neurotransmitter release 
requires the presence of the so-called SNARE proteins (SNAP25, synaptobrevin, syntaxin, and 
synaptotagmin) which mediate fusion of synaptic vesicles with the presynaptic membrane. Here, 
we tested in monkey and cat if palisade endings contain SNARE proteins as well. Palisade 
endings were doubly immunolabeled with antibodies against choline acetyltransferase 
(ChAT)/SNAP25, ChAT/synaptotagmin, ChAT/syntaxin, or ChAT/synaptobrevin. Muscle fibers 
were labeled with phalloidin. Immunolabeled palisade endings were analyzed in the confocal 
laser scanning microscope. In accordance with previous studies, palisade endings in cat and 
monkey expressed ChAT. Moreover, all palisade endings were positive for SNAP25, 
synaptotagmin, syntaxin, and synaptobrevin as well. Our findings that palisade endings, analog 
to motor neurons, express proteins of the SNARE complex provide further arguments that 
palisade endings might function as effector organs. 
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Title: Common motion error correction guides pursuit and fixation 
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Abstract: Smooth pursuit and fixation are generally considered to be controlled by different 
systems. The pursuit system takes motion information at its input and uses a feedback loop to 
minimize the retinal image motion of a target. Previously, we found that initial pursuit eye 
acceleration increased as the number of elements in the stimulus increased, implying that more 
stimulus elements created a stronger motion signal to drive pursuit (Heinen et al., 2016). The 
fixation system works to keep the eyes on a target, not only with microsaccades, but also with 
smooth movements. Therefore it, like the pursuit system, may also operate to minimize retinal 
motion. Might the fixation system, like the pursuit system, also use motion to control the eyes? 
We hypothesized that if ocular fixation used a motion signal, then increasing the strength of that 
motion signal should increase ocular stability. To test this, we used fixation stimuli with different 
numbers of elements to vary the strength of the retinal motion signal created when the eyes 
moved smoothly across them. Observers fixated either a small, spot target, the center of a 6° 
circular array of 8 dots, or the center of a 9-dot conglomerate of these stimuli. Eye movements 
were measured using an EyeLink 1000 eye tracker at a rate of 1000 Hz. We found that the speed 
of smooth movements decreased as the number of elements in the stimulus increased, paralleling 
our previous results on pursuit open-loop acceleration. The results provide evidence that the 
system controlling smooth movements detects the retinal motion of the fixation object, and uses 
the motion signal that arises to reduce smooth movement speed and stabilize the eyes. We 
propose that a feedback loop operates during fixation to minimize retinal motion analogous to 
the feedback loop that minimizes retinal motion during smooth pursuit. 
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Abstract: It is thought that in selecting between available actions, the brain assigns a utility to 
each possible action and then selects the action that has the highest utility. This utility depends 
on the subjective value of reward, and the expected effort. The central question is with regard to 
how the brain measures effort and how this measure interacts with reward. 
We have recently shown that the subjective value of a stimulus affects the vigor with which the 
brain moves the eyes toward that stimulus: stimuli that are valued more coincide with saccades 
that have higher velocity (Reppert et al. 2015). Here, we investigated the effect of effort by 
measuring fixation times that separated voluntary saccades. 
It is known that during fixation, the total force produced by the opposing extraocular muscles 
increases with distance from the center position of the eye, as do the number of spikes need to 
hold the eyes during fixation. During fixation we estimated the sum of spikes produced by the 
two abducens motor nuclei as an objective measure of energy spent to maintain fixation, and 
hypothesized that effort is proportional to this sum. This predicted that the effort associated at 
fixating a stimulus should increase linearly with distance from center. To test for this, we 
provided human subjects with two images, constant distance apart, but placed at various 
locations along the horizontal axis. The images were faces (high value) and shapes (low value). 
We measured time spent fixating one location as a fraction of total time spent at the two 
locations. Total time spent was constant for every trial throughout the experiment. We found that 
the ratio of fixation time on one location by fixation time on the other location with constant 
distance apart decreased linearly as distance of the image increased from center. That is, as the 
number of spikes required maintaining fixation increased, the time spent looking at that image 
decreased. The slope of the line was greater when the stimulus value was smaller. These results 
suggest that the brain assigns utility as an additive function of reward and effort, not 
multiplicative, and that effort may be associated with the energetic cost of motoneuronal 
discharge during the action. 
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Abstract: It has been proposed that the gaze-related portion of the mesencephalic reticular 
formation (MRF) can be subdivided into two different regions based on physiological features. 
Stimulation of and recording from the central mesencephalic reticular formation (cMRF), located 
caudal to the level of the interstitial nucleus of Cajal (InC), suggests this region is related to 
horizontal gaze. The peri-interstitial nucleus of Cajal portion of the mesencephalic reticular 
formation (piMRF), located rostrally, at the level of the interstitial nucleus of Cajal, is believed 
to play a role in vertical gaze. To test whether this dichotomy is supported by the connectivity of 
the two regions, we have used dual tracer anatomical experiments in macaque monkeys (M. 
fascicularis). Specifically, to examine the premotor connections of the MRF, we placed 
anterograde tracers in this nucleus and retrograde tracers in the ipsilateral medial and superior 
rectus muscles. Experiments in which the anterograde tracer was located within the MRF showed 
extensive close associations between labeled MRF terminals and labeled medial rectus 
motoneurons located within the ipsilateral oculomotor nucleus and in C-group, and with labeled 
superior rectus motoneurons located in the contralateral oculomotor nucleus and in S-group. 
Ultrastructural examination proved the presence of synaptic contacts between these labeled 
elements. Looking across the cases used in these experiments, we noted that when anterograde 
tracer was confined to within the cMRF, there was scant anterograde terminal labeling near 
superior rectus motoneurons. However, with more rostral injection sites that spread into the 
piMRF, there was a significant increase in terminals associated with superior rectus motoneurons 
and a decrease in the terminals associated with medial rectus motoneurons. These differences in 
preferred motoneuron target suggest that there is a difference in the pattern of connectivity 
between the cMRF and piMRF that is suggestive of differential function in horizontal and 
vertical gaze, respectively. Whether this finding reflects an absolute difference between these 
MRF subnuclei or a continuous spectrum of change between the rostral and caudal poles of the 
MRF remains to be determined. 
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Title: The postnatal development of palisade endings in extraocular muscles 
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Abstract: Proprioception from extraocular muscles (EOMs) provides the brain with eye position 
signals. Surprisingly, classical proprioceptors (muscle spindles and Golgi tendon organs) are 
absent in the EOMs of most mammals. Instead, palisade endings (PE) are found as unique to 
EOMs of mammals. They are regularly present in frontal-eyed but infrequent in lateral-eyed 
species. PE are formed by axons which extend into the tendon where axons make a u-turn and 
divide into axonal branches that establish nerve terminals around the tip of a single muscle fiber. 
For a century, PE have been considered as sensory structures substituting classical 
proprioceptors in EOMs. The interest in PE has newly aroused when molecular analysis and 
recent neuronal tracing experiments have shown that PE are cholinergic and originate from the 
EOM motor nuclei. Up to date the development of PE is unknown. Here we have analyzed the 
postnatal development of PE in cats of different ages (P0, P8, P22, and adult) in all four rectus 
muscles. In cat P0, eyelids are naturally closed and by P8 eyelids start to open. Immunolabeled 
PE were analyzed in the CLSM. At P0, no PE were found in both vertical and lateral rectus. 
Only in the medial rectus we observed axons which extended straight into the tendon where they 
stopped and extensively sprouted. Other axons extended only a very short distance into the 
tendon where they made u-turns and formed very simple PE on the tip of single muscle fibers. At 
P8, eyelids start to open in kittens, PE were still absent in the superior and lateral rectus muscles. 



In the inferior rectus muscle, simple PE were found whereas those in the medial rectus muscle 
were more elaborate but still not mature. At P22, PE were still absent in the superior and lateral 
rectus. In the inferior rectus and medial rectus, PE were still immature but more complex in the 
medial rectus. In the medial rectus muscle their number resembled that found in adult cats. In the 
adult cat, PE were found in each rectus muscle. We have recently shown in frontal-eyed animals 
that the number of PE is much higher in the medial rectus than in the other rectus muscles 
suggesting that PE play a role in convergence movements. Since the development of PE is faster 
in the medial rectus muscle, the present findings supports the notion that PE could play a 
particular role in convergence. Since the development of palisade endings is more accelerated in 
the medial rectus muscle, the present findings supports the notion that palisade endings could 
play a particular role in convergence. 
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Abstract: During a memory-guided gaze shift task, where subjects make delayed gaze shifts 
towards remembered location of visual stimuli, neurons in the superior colliculus (SC) often 
show neuronal responses related to visual presentation (visual burst), the evoked gaze shift 
(motor burst), and the intervening memory delay (delay activity). Previously, we showed that in 
this task (performed in head-unrestrained conditions), early visual transient response in the SC 
encodes the accurate location of the visual stimulus (target, T) and the motor burst encodes the 
final gaze position (G), reflecting the full extent of variability in behavioural errors and this was 
even observed within single visuomotor (VM) neurons (Sadeh et al., Eur. J. Neurosci., 2015). 
However, what is unknown is how this T-to-G transition occurs in the SC as activity evolves 
from vision, to memory delay, to action. In order to investigate this, we analyzed the evolution of 



spatial code in 48 visually-responsive neurons from the SC of two monkeys through the entire 
visual-memory-motor extent of their response. We applied a spatial model-fitting method 
described previously to identify the spatial code (Keith et al., J. Neurosci. Methods., 2009; Sajad 
et al., eNeuro, 2016): We created a continuum of spatial models (referred to as T-G continuum) 
that were based on T (target position), G (gaze endpoint), and incremental positions spanning T 
and G and defined the spatial code as the model that best fits neural data. For each neuron we 
identified the spatial code during several epochs: early and late visual burst, early and late delay 
period (obtained by dividing delay period into half), and pre- vs. post-saccadic motor burst. Our 
individual neuron analysis and population results (30 VM neurons and 18 visual neurons) 
revealed that the early and late phases of the visual burst both contained a relatively accurate 
target code, but as activity progressed from the visual burst through memory delay, into the 
motor burst (in VM cells) there was a progressive transition from T towards G, and this 
transition was often completed by the time of gaze onset. These results show that the delay 
activity in the SC does not maintain an accurate representation of the target, but rather maintains 
a spatial code that is subject to gradual accumulation of errors describing the eventual location of 
the gaze shifts. 
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Abstract: Action selection and its planning are critical for controlling the environment. We 
designed this study to characterize the neural dynamics during planning of target selection and 
link the activity to selection-dependent and selection-independent behavior. We recorded activity 
in the smooth pursuit area of the frontal eye field (FEF) while monkeys were planning a smooth 
pursuit eye movement that selected one of two moving targets. The most common preparatory 
neural activity in the FEF was ramping activity preceding target motion onset, which was linked 
on a trial-by-trial basis to pursuit eye movement latency rather than to its direction. Pursuit 



selection was encoded by the offset of this ramping response, relative to baseline. Planning of 
selection was commensurate with a winner-take-all representation rather than a representation 
that matched the specifics of the upcoming movement. These findings characterize the majority 
of the dynamics in the average activity and show that in planning selection the FEF mainly 
signals when to move and not where to move. 
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the smooth eye movement region of the frontal eye fields 
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Abstract: Many behaviors operate in a Bayesian framework, where actions are guided by a 
complex interaction between current sensory information and past experience, or “priors”. When 
current sensory information is weak, it is advantageous to allow the prior to guide behavior. 
However, the value of prior experience lessens as sensory information strengthens. Despite the 
generalizability of this phenomenon, it remains unclear how Bayesian estimation is implemented 
at the level of neural circuits. Smooth pursuit eye movement is an example of a relatively simple 
sensory-motor behavior that operates in a Bayesian-like manner. We have developed a paradigm 
that allows for the fast adaptation and probing of Bayesian priors for target speed. Two male 
rhesus macaque monkeys were trained to track a 100% contrast patch of dots and a 6% contrast 
sine wave grating with smooth pursuit eye movements. We used a block design to adapt priors 
for target speed. During the “fast prior” block, targets moved at 20 deg/s for 80% and at 10 deg/s 
for 20% of the trials. During the “slow prior” block, targets moved at 2 deg/s for 80% and at 10 
deg/s for 20% of the trials. During a control block, the targets moved at 10 deg/s for 100% of the 
trials. Compared to the control block, we find that eye speeds for the 10 deg/s target motion are 
faster in the fast prior block and slower in the slow prior block. Furthermore, the change in eye 
speed is greater for the low contrast target (weak motion) compared to the high contrast target 
(strong motion), consistent with the Bayesian framework. We have used our paradigm for rapid 



prior adaptation to ask whether preparatory activity in the smooth eye movement region of the 
frontal eye field (FEFsem) encodes information about the prior for target speed. Our population 
of cells in both monkeys exhibited preparatory ramps in firing rate during fixation, prior to visual 
motion onset. We observed cells with both increasing and decreasing ramps in activity. The 
magnitude of the ramps was larger during the fast prior block compared to the slow prior block. 
We conclude that preparatory activity in FEFsem encodes expectation (a.k.a. the prior) for 
upcoming target speed. 
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Abstract: Saccades often have curved trajectories, and previous studies have shown that covert 
attention and the onset of visual distractors can alter this curvature. Recently we showed that 
saccadic curvature is modified in systematic ways during sequences of saccades. Specifically, 
each saccade tends to curve in the direction of the preceding saccade vector and opposite to the 
direction of the following saccade vector in the sequence. However, these findings are based on 
studies of reflexive and instructed saccades, rather than free-viewing voluntary (exploratory) 
saccades. Here we used saccadic curvature as a tool to study planning of sequential saccades in a 
free-viewing visual search task. 
In each trial, eight targets (0.8° diameter rings) appeared in random positions on the screen. A 
horizontal line (0.15° long) was located at the center of one of the rings, while the other seven 
contained vertical lines. Subjects were instructed to locate the target containing the horizontal 
line as quickly as possible. To perform the task, the subjects needed to foveate the targets one by 
one, while eye position was recorded binocularly.Offline analyses showed that saccadic 
curvature has a sinusoidal relationship to the angle of the saccadic vector, relatively independent 
of the saccade amplitude, as shown previously in studies of reflexive saccades (e.g., Smit and 



van Gisbergen 1990). This relationship between curvature and saccade angle was binocular and 
similar in both eyes, implying that the curvature is neural in origin, rather than due to anatomical 
and muscular properties of the orbit. More importantly, the results showed that saccade curvature 
is modified by the direction of preceding and following saccades: saccades tended to curve in the 
direction of the immediately preceding saccade vector, and opposite to the direction of the 
immediately following saccade vector, consistent with our previous findings. Furthermore, the 
magnitude of this curvature gradually varied based on the angle of the following or preceding 
saccades.These findings suggest that voluntary exploratory saccades in this task are not 
processed independently, since the trajectory of each saccade is influenced by the direction of the 
preceding and following movements in the sequence. 
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Abstract: The superior colliculus (SC) is crucial for transforming sensory signals that register a 
target into motor commands that produce an orienting movement to the stimulus. The sensory 
response is represented as a burst of activity in visual and visuomotor neurons in the superficial 
and intermediate/deep (collectively, deeper) layers. Saccadic eye movements are produced by yet 
another burst of activity in the visuomotor and motor neurons in the deeper layers. However, the 
underlying input signals that produce this pattern of activity are not well understood. We address 
this gap in knowledge by recording spikes and local field potentials (LFPs) from a 16-channel 
laminar probe in the SC of a monkey performing randomly interleaved delayed, visually-guided 
and memory-guided saccades. The electrode penetration was orthogonal to the SC, hence the 
optimal target locations and/or saccade vectors were comparable across all recording contacts. 
The target was positioned either close to the center of the response field or at the diametrically 
opposite location. Here, we quantify LFP information with current-source density (CSD) 



analysis to emphasize the location and timing of incoming (source) and outgoing (sink) electrical 
currents across layers. Preliminary analyses reveal the following observations: 1. The sensory 
burst is coincident with a robust current source signal in the intermediate layers , with bleeding 
into the superficial layers. The magnitude of this source decreases gradually during the delay 
period and then increases modestly at the time of saccade onset. 2. In contrast, a current sink was 
observed deeper in the SC, at sites of visuomotor spiking activity. This CSD switched to a weak 
source signal during the delay period, before re-transitioning to a sink at the time of saccade 
onset to reveal a transient source/sink reversal between intermediate and deep layers. 3. 
Intriguingly, the CSD trace in the deep layers revealed a potent source signal immediately 
following the saccade. This cannot be a visual signature since it was also observed for memory-
guided saccades. Across all layers, modulations in both LFP and CSD signals during the delay 
and presaccadic periods were weak compared to the fluctuations observed during sensory and 
post-saccadic epochs. Taken together these results show key differences between the target and 
the motoric burst and reveal that each SC layer is involved in different local and global network 
activity during sensorimotor transformation. 
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Abstract: Catch-up saccades are small saccades that frequently interrupt the smooth component 
of ocular pursuit. Microsaccades are small saccades that occur frequently during ocular fixation. 
There is evidence that pursuit and fixation are different neural systems, but are the small 
saccades that are virtually omnipresent during these ocular behaviors generated by different 
mechanisms? Here we test this by capitalizing on a curious phenomenon that occurs with 
microsaccades, notably that before high-acuity tasks, their rate predictably subsides until they are 
almost completely quieted, and then rebounds. Here we ask if a similar phenomenon occurs for 
catch-up saccades during pursuit. Observes pursued a linear array of 15 small alphanumeric 



characters (0.28° × 0.5°), and performed a character discrimination task on them (Lovejoy et al., 
2009). Stimuli appeared stationary for a random fixation duration, then translated either leftward 
or rightward across the screen at 8°/s, 12°/s, or 16°/s for 1640-2440 ms. At a random time after 
the fixation period (1040-1440 ms), the character array changed from 8’s to 2’s and 5’s except 
for a single probe character that changed to a 3 or an E. After 200 ms, all characters changed 
back to 8’s. Observers identified the 3 or E with a keypress. We found that catch-up saccade 
frequency decreased in prediction of the upcoming discrimination task, and rebounded after the 
task was completed in a similar fashion to what occurred during fixation. The results provide 
evidence that the mechanism generating catch-up saccades during pursuit also generates 
microsaccades during fixation. 
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Abstract: The superior colliculus (SC) is a major hub of sensorimotor integration in the gaze 
control network, and plays a pivotal role in the generation of saccadic eye movements. The 
sensory-to-motor transformation is enabled by the intermediate and deep (collectively, deeper) 
layers of the SC. However, it is unknown whether neurons in these layers constitute a 
homogeneous network performing similar computations or if there exists finer spatiotemporal 
patterning therein. To study this in greater detail, we combined linear microelectrode array 
recordings with multi-channel signal analyses. Linear arrays are especially amenable to 
recording from a column of neurons to access computations evolving in parallel within the 
column. We recorded from the SC in two monkeys (Macaca mulatta) performing a delayed 
saccade task. The electrode contacts (n=16) spanned the dorso-ventral extent of the SC, allowing 
for the simultaneous recording of spiking activity and local field potentials (LFPs) within the 
deeper layers. 



We performed coherence and Granger causality analyses to assess the flow of information within 
SC. We found the following: 
(1) Following target onset, spike-spike coherence increased between most channel pairs, but only 
the dorsally located channels exerted a Granger causal influence on the spiking of other 
channels, suggesting a unidirectional flow of information during sensory processing. In contrast, 
during the saccade, the middle channels exerted a causal influence on channels located both 
dorsally and ventrally, indicating bidirectional information flow during peri-saccadic processing. 
(2) Spike-LFP coherence revealed stronger coherence between spiking activity recorded from 
dorsal contacts and LFPs recorded more ventrally, both following stimulus onset and following 
the saccade. Intriguingly, there was no significant increase in coherence in the lead up to the 
saccade. 
(3) For both epochs, the spike-LFP coherence profile was biphasic, with an early, narrow 
transient, and a late, broader peak. Granger analyses suggested that both early coherence peaks 
could be the result of causal dorsal-to-ventral influence of spikes on LFP, whereas the late peaks 
could be the result of the causal influence of LFP on spikes. 
(4) In all cases, coherence and causality decreased as a function of distance between the pair of 
contacts. Moreover, the strongest influences in all cases were in the sub-beta band (<30 Hz), with 
a slightly weaker effect in the low-gamma range (30-50 Hz) between dorsal channels. 
These results point to distinct communication channels for spikes and LFPs in the SC, and 
provide evidence for multi-phase processing during sensorimotor integration. 
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Abstract: The cerebellum has a clear role in the generation of saccadic eye movements. The 
‘oculomotor vermis’, through its projections to the fastigial nucleus, modulates the amplitude of 



saccades. The discovery of projections from the medial cerebellar nuclei to cognitive areas in 
frontal cortex suggests that these nuclei contribute to cognitive functions in unknown ways. Our 
particular interest was in testing the hypothesis that neural activity in the cerebellum biases the 
choice of visual targets of saccades toward socially-relevant cues. Healthy human and non-
human primate subjects show a strong preference for socially-relevant images, and we recently 
demonstrated that monkeys, when given a choice in viewing visual images, show an 
overwhelming preference for facial images of primates. Such behavior is in stark contrast to that 
of subjects with autism, in whom damage to Purkinje cells is the most common 
neuropathological finding, who show no bias toward socially-relevant images and in fact may 
prefer viewing images of inanimate objects. Functional imaging of autistic individuals during 
eye movement tasks show reduced activation of the Supplementary Eye Fields (SEF), a region 
associated with cognitive control of eye movements. 
Here we trained a monkey on a face image-based oculomotor task in which he had to choose 
between objects and images of human and non-human faces and unilaterally inactivated different 
portions of the cerebellar nuclei by injecting a small amount of muscimol. In control experiments 
before the inactivation studies, the subject had demonstrated a 95% preference for images of 
faces compared with images of other objects. We found that the preference rate for face image 
decreased significantly (Z-test, p=0) following inactivation of portions of the ventral cerebellar 
dentate nucleus (VDN) and the posterior interpositus nucleus (PIN), to 84% after the injection 
into the VDN, and 75% after injection into the PIN. There was no change in the preference after 
the injections into dorsal dentate nucleus and anterior interpositus nucleus, and there was no 
obvious difference in the preference of pairs of non-face images after injection into each portion 
of the cerebellar nuclei. These results suggest that the cerebellar nuclei, especially the VDN and 
PIN, contribute to production of saccades to images of primate faces when given a choice of two 
images to look at. Together with our finding of cerebello-thalamo-SEF pathway, we hypothesize 
that cerebellum and its projections to the SEF are involved in generation of eye movements 
towards primate faces, and failure of this circuit may result in the lack of eye movement towards 
faces associated with autistic behavior. 
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Title: Pre-existing visual and oculomotor factors that determine the retinal location of a 
preferred retinal locus (PRL) 
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Abstract: Diseases such as age-related macular degeneration (AMD) selectively affect foveal 
and parafoveal vision, leading to central field loss (CFL) and severely impairs functional vision. 
More than 10 million people in the U.S. suffer from AMD. This number is expected to increase 
to 21.6 million by 2050[1]. To adjust to CFL, the visual system often adopts an extra-foveal 
retinal location, called the preferred retinal locus (PRL), to use for fixations. In many patients, 
saccades are re-referenced to the PRL. The retinal location of a PRL varies across patients. It is 
not known what visual or oculomotor factors may underlie the development of PRL since 
measuring these factors before the formation of a PRL had not been feasible. We developed a 
method that constrains PRL formation to a one-dimensional contour in normally sighted 
participants. This allows us to comprehensive survey the visual and oculomotor factors prior to 
PRL formation. 
We use the “Contact task” to induce a PRL on a designated one-dimensional contour in normally 
sighted participants. Participants had to use their gaze to move an opaque and gaze-contingent 
disc to make contact with a small target. The disc was 6° in radius and centered at the fovea. In 
each trial, a small target appeared at a random screen location. The participant had to establish 
contact between the edge of the disc and the target and maintain contact for 0.5 s before the 
target was dismissed and a new trial began. Before and after performing the Contact task, 
participants were assessed for their form vision (visual acuity, crowded visual acuity, positional 
uncertainty) and oculomotor performance (peripherally guided fixation stability and saccade 
accuracy, number of saccades required to establish peripheral fixation) at 8 evenly spaced 
locations at 6° eccentricity. 
We found that PRL tended to form at a retinal location where it took the participant the least 
number of saccades to establish peripheral fixation. The retinal location with the least amount of 
positional uncertainty also facilitated PRL formation. Our results also showed that PRL 
formation correlated with improvements in visual and oculomotor performance. After PRL 
formation, the first saccade landing error for establishing peripheral fixation and the number of 
saccades required were reduced. A slight improvement of crowded acuity was also observed. 
These findings explain the idiosyncrasy of PRL formation across participants and inform the 
designs of customized rehabilitation regimens for patients with CFL. 
[1]. Rein, D.B. (2009). Forecasting Age-Related Macular Degeneration Through the Year 2050: 
The Potential Impact of New Treatments. Arch. Ophthalmol. 127, 533. 
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Title: Increased crowding in parafoveal vision in glaucoma 
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Abstract: Crowding, the deleterious influence of nearby items on visual recognition, impairs a 
person’s ability to recognize a target object in clutter (Bouma, 1970; Levi, 2008). A popular 
explanation of crowding is that features of the target and flankers are integrated inappropriately, 
as they both fall in the same neural unit due to a large integration field (Pelli et al., 2004). Thus, 
crowding grows with increasing retinal eccentricity as receptive field size increases (i.e. scale 
shift) in peripheral vision, while little crowding exists in parafoveal or foveal vision. Glaucoma, 
a leading cause of irreversible vision loss in the United States, is associated with the loss of 
retinal ganglion cells. Studies have shown that threshold spatial resolution becomes considerably 
larger as retinal ganglion cell density decreases (Wall et al., 1991). While this evidence hints that 
the loss of retinal ganglion cells might bring about a larger integration field, which in turn 
exacerbates the crowding effect, little is known about visual crowding in glaucoma. Here we 
report crowding in glaucomatous vision in comparison with age-matched normal vision. 
Crowding was assessed in 15 individuals with moderate glaucoma (mean Mean Deviation for the 
worse eye: = −11.58 dB±9.1) and 10 age-matched normal controls. Crowding was quantified as 
the center-to-center distance (crowding zone) between the target and flankers that yielded a 
target-identification accuracy of 80%. Measurements were made at 9 different retinal locations 
(retinal eccentricities: 0°, 2° and 4°). In each trial, a subject was presented with five letters, a 
target flanked by four tumbling Es, and asked to report the target identity. Our results showed 
that people with glaucoma had a significantly larger crowding zone, even in parafoveal vision (a 
decrease by 25%, p < 0.05), compared to normal cohorts. However, no significant difference was 
found in single letter recognition between the two groups (p > 0.05), suggesting that reduced 
acuity cannot account for the increased crowding. Our findings suggest that, contrary to the 
conventional view that central vision remains intact until the very last stage of glaucoma, the 
macular region of even moderate glaucoma appears to suffer from unusually large crowding. 
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Title: From eyes to hands – Inhibition training transfers across motor systems 

Authors: *A. VERGHESE;  
The Univ. of Queensland, St. Lucia, Australia 

Abstract: Inhibition of irrelevant information and motor responses is crucial for goal-directed 
behaviour. Given the importance of inhibitory processing for adaptive functioning in our daily 
lives, and its impairment in many psychiatric and neurological conditions, a key question is the 
extent to which this ability can be enhanced via behavioural training. While studies on training of 
inhibitory processes have consistently shown improvements on the trained task, it is not clear 
whether such benefits generalize to distinct (untrained) inhibition tasks. Training-dependent 
modulations of activity in cortical regions such as the right inferior frontal gyrus, precuneus, 
inferior parietal lobule and the anterior cingulate cortex have been consistently reported in 
studies of inhibitory control of eye-movements and manual inhibition measures. Since 
generalized training benefits for executive functions should be observed when the training and 
transfer tasks tap a common underlying mechanism, it is conceivable that training the same 
inhibitory process but using different effector systems – eyes versus hands – could evoke 
training-induced benefits that generalise. Here we assessed whether training of inhibitory control 
on an anti-saccade task, in which pre-potent oculomotor responses must be inhibited, transferred 
to other inhibition tasks in which pre-potent manual responses had to be altered. Specifically, we 
tested whether the well-known ‘Simon effect’, characterized by longer manual responses to 
stimuli in non-corresponding spatial locations, and the ‘Stroop effect’, characterised by longer 
responses for stimuli with featural conflict, can be modulated by inhibitory oculomotor training. 
Importantly, we included two active-control training regimens - fixation training and pro-saccade 



training. All three training regimens led to improvements on the trained tasks themselves, as 
expected, but only anti-saccade training yielded benefits that transferred to the manual response 
modality. Specifically, anti-saccade training led to reductions in the Simon effect, but did not 
influence the Stroop effect. Taken together, these findings suggest that training of inhibitory 
control within the oculomotor system can transfer to the manual motor system, and provide 
important insights into the boundary conditions necessary for transfer of inhibition training. 
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Abstract: When monkeys and humans form perceptual decisions that lead to particular actions, 
the accumulation of sensory evidence and the planning of motor actions are yoked. If the 
evidence is acquired before the decision maker is informed of the action required to report a 
choice, then these two processes are dissociated. In such situations, an abstract representation of 
the decision is purportedly stored and this representation subsequently used to drive action 
selection. How such abstract representations can flexibly recruit relevant motor actions has not 
been explored. 
We trained a monkey to decide on the net direction (left or right) of dynamic random dot motion 
(RDM) and to associate these directions with a color (yellow and blue, respectively). 
Importantly, the colored choice-targets appeared at random locations in the visual field 0.33s 
after the offset of the RDM. Although the monkey could report its decision with an eye 
movement to the blue or yellow target as soon as they appeared, the observed saccadic latencies 
were prolonged and showed strong inverse correlation with the strength of the evidence 



presented earlier in the trial. The dependence of saccadic latency on the motion strength was fit 
with a bounded drift-diffusion model, and this fit predicted the monkey’s choice behavior. Thus, 
the prolonged latencies are consistent with a deliberative process involving evidence 
accumulation after the RDM had been shown and extinguished. Consistent with this idea, the 
rate of rise of the neural activity in area LIP on individual trials during the action selection epoch 
was correlated with the strength of the perceptual evidence presented earlier in that trial. Further, 
the evolution of variance and the autocorrelation of the neural activity during this epoch 
exhibited signatures of a diffusion process. The responses of the same neurons during the RDM 
viewing epoch displayed none of these features. 
Both the behavioral and the neural data suggest that action selection is not a one step conversion 
of an abstract representation of the decision into an action but is instead a process that evolves 
over time in a manner that reflects the quality of the evidence received. An intriguing possibility 
is that the brain stores a representation of the samples of the evidence acquired during the RDM 
viewing epoch and then accumulates evidence from these samples to reach a decision after the 
targets are revealed. If so, the decision appears to be postponed until it can be embodied in the 
framework of the available motor actions. 
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Abstract: To interact with a moving object in the environment, it is necessary to know the 
precise location of the object. However, if a moving object containing internal motion (e.g., 
rotation) is seen in the visual periphery, the perceived global motion of the moving object is 
often distorted due to its local motion signals (motion-induced position shift). On the other hand, 
it has been reported (Lisi & Cavanagh, 2015) that eye movements can still correctly localize such 
a moving object without being affected by the distorted perceived global motion. The study 
raises two questions: 1) whether the distortion of global motion perception is attributed solely to 
motion perception or also to position perception, and 2) when target position representation for 



eye movements changes from the distorted perceived location to the actual or physical one. In 
the present study, a well-known curveball illusion, which deviates the actual trajectory of a 
moving Gabor patch substantially towards the direction of its internal pattern motion, was 
utilized to examine the temporal change of the position representation of such moving target 
containing a motion for saccadic eye movements. To this end, we first examined whether this 
misrepresentation of the global motion trajectory of a moving Gabor patch is attributed to the 
distortion of its perceived position as well as perceived motion. In the experiment, a moving 
Gabor target with internal envelope drifts in the orthogonal direction to the global motion 
appeared at 10 degrees of visual angle to the right of the fixation point and disappeared at 
random locations on the moving path. Participants localized the final horizontal target position 
by judging the position was on either the left or right side of a reference line presented shortly 
afterward (i.e., 2-AFC task). The results confirmed that the moving stimuli containing internal 
motion induce not only large shifts of perceived motion but also perceived position. In the 
second experiment, the temporal change of position representation (i.e., motion-induced position 
shift confirmed in Experiment 1) for saccadic eye movements was examined by varying the 
elapsed time from target offset to saccade onset. With the same target stimuli as Experiment 1, 
participants made saccades to the final target position on the motion path after a variety of time-
delay. The results showed that, in addition to the previous observation, even when target 
disappeared 1s before saccade initiation (i.e., memory guided saccade), eye movements could 
still correctly localize physical target positions. This suggests that a common position 
representation of a moving object is used for visually guided and memory guided saccades. 
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Abstract: Stimuli flashed within 50 ms before the onset of a saccade appear shifted into the 
saccade direction and compressed onto the saccade target. The compression could result from an 
oculomotor feedback of the saccade command that distorts the population activity in visual areas 



and appears to shift visual receptive fields. In the present study, we report that stimuli flashed 
about 100 ms before a saccade are mislocalized in the opposite direction, against the saccade and 
towards the fixation point. Subjects reported the apparent location of flashes presented on a 
computer monitor in a dimly lit room while making saccades. Flashes could occur at 5 positions 
equally spaced between the fixation point and the saccade target and were presented at a random 
time between 300 ms before saccade onset and well after the saccade. Different sessions tested 
different paradigms: overlap saccades, step saccades, double step return saccades, and fixation 
with masking at various ISIs. All saccade conditions showed mislocalization against the saccade 
direction at around 100 ms before the saccade. This was followed by the familiar pattern of 
compression towards the target at saccade onset. No mislocalization was observed in the fixation 
with masking condition. Mislocalization against the saccade direction was strongest for flash 
positions in the middle between fixation point and target. These findings have important 
implications for models of peri-saccadic localization and remapping. Since the mislocalization 
occurs outside the time window of saccadic suppression it is not related to a reduction of 
visibility. It is also unlikely to be related to an erroneous eye position signal. We propose that the 
mislocalization towards the fixation point results from enhanced fixation related neural activity 
during preparation of the saccade motor plan. 
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Abstract: Brainstem-cerebellar circuits resolve a sensory ambiguity originating from Einstein’s 
equivalence principle, where linear accelerations (A) during translations are physically identical 
to gravitational accelerations (G). 
The underlying computations have been well characterized at a theoretical level. The brain uses 
an internal model of motion which integrates rotation velocity (Ω) signals into an estimate of tilt 



relative to gravity (G), which is used to extract an acceleration estimate (A) from the net otolith 
signal (F) based on the physical equation F = G+A. This process can be broken down in three 
equations: (1) dG/dt = GxΩ, (2) G=∫dG and (3) A = F-G. Equation (1) converts a head-
referenced rotation velocity signal (Ω) into a gravity-referenced signal dG, i.e. it is a spatial 
transformation. Equation (2) is an integration that matches the dynamics of the gravity signal 
with that of F. 
We showed previously that the simple spike (SS) responses of one third of Nodulus-Uvula (NU) 
Purkinje cells (PC) encode G (‘tilt’ cells), another third encode A (‘translation’ cells), while the 
rest ('other') respond to combinations thereof. However, we never investigated the dynamics of 
tilt and translation signals. Therefore, we couldn’t determine if steps (1) and (2) are performed in 
a single step of neuronal computation or in two distinct neural populations. Furthermore, a 
subpopulation of otolith afferent carry significant jerk (dF) components, suggesting that equation 
(3) could be replaced by dA=dF-dG, eliminating the need for equation (2). 
Our previous studies were based on sinusoidal stimuli that provide little information about 
neuronal dynamics. To circumvent this limitation, we recorded the responses of 46 NU PC 
during combinations of transient tilt and translation stimuli where linear acceleration (A) and tilt 
(G) followed biphasic profiles while dA/dt and dG/dt followed triphasic profiles. We found that 
13 cells responded specifically to tilt and 18 to translation. Strikingly, tilt-selective cells 
exhibited a triphasic response profile proportional to dG, whereas the response of translation-
selective cells was biphasic, proportional to A. 
These results suggest that a dG/dt signal (equation 1) is computed by a neuronal population 
upstream of the Purkinje cells, and that a distinct group of interneurons perform the temporal 
integration (equation 2). This illustrates how a systematic study of neuronal dynamics through 
the cerebellar circuitry may allow deciphering the neuronal implementation of a theoretically 
well understood computation. 
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Abstract: The cerebellum receives noradrenergic (NA) fibers originating from the locus 
coeruleus (LC). In the state of arousal, an overflow of this neurotransmitter are diffused and acts 
on α- and β-adrenergic receptors of neurons modulating the spike activity and synaptic strength. 
The cerebellum has a well-recognized role in maintaining motor coordination. Many studies 
regarding cerebellar learning has suggested that by recognizing neural patterns the cerebellum 
predicts optimal movements thus tuning fine motor movements. The Purkinje cell (PC), the sole 
output of the cerebellum, receive excitatory and inhibitory inputs from parallel fibers, climbing 
fibers, and molecular layer interneurons which is summated and relayed to the post-synaptic 
neuron by simple (SS) and complex spikes (CS) ultimately inducing motor movements. In vitro 
and in vivo studies of animals under anesthesia have shown bath and local application of NA 
excite or depress PC spontaneous spike activity depending on NA concentration. Several reports 
have introduced change in awake in vivo calcium dynamics upon arousal in various cells and 
regions of the brain. However, how NA effects SS and CS activity of PCs in awake mice upon 
natural endogenous secretion by arousal has not yet been discussed. Using in vivo single-unit 
electrophysiological recordings in awake C57BL/6J mice, SS and CS activity were recorded 
from PCs. Recordings began when the mice were in a stable state (low respiration, no 
locomotion, and stable pupil diameter). To induce arousal, air puff stimulation to the tail evoke a 
startle response (high respiration, locomotion, and increased pupil diameter). Results show that 
increase of NA diffused from the LC to the cerebellum show a bi-directional modulation of SS 
activity upon a startle response but no change in CS activity. 
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Abstract: The cerebellum makes predictions about what the correct movement is in response to 
the current state of the world. These predictions can be modified by the repeated coincident 
arrivals of a sensory stimulus and a teaching signal. This can be described as a Pavlovian 
learning paradigm where the sensory stimulus is the conditioned stimulus (CS) and the teaching 
signal is the unconditioned stimulus (US). The CS is conveyed to the cerebellum through mossy 
fibers that originate from the pontine nuclei. In an effort to elucidate what the cerebellum sees in 
order to learn and make predictions, we performed chronic in vivo tetrode recordings in male 
rabbits across the entire expanse of the right pontine nuclei during 108 trial sessions during 
presentations of either a pure tone or eyelid conditioning sessions where a tone (CS) was paired 
with the stimulation of the periocular muscles (US) of the left eye. This allowed us to 
characterize a variety of response types (e.g. phasic, tonic, and feedback) in the pontine nuclei 
during the CS period both before and after the rabbits learned to make conditioned responses 
(CRs), measured as eyelid closure during the CS and preceding the US. While robust phasic 
responses may convey more information about the onset of the CS, tonic input to the cerebellum 
may be important for relaying the duration of the CS. Feedback responses, increases or decreases 
in pontine firing rate that occur after CR onset, have a putative role in chaining together 
movements or amplifying relevant stimulus inputs. This feedback is potentially driven via direct 
cerebellar output collaterals to the pontine nuclei or through thalamo-pontine projections 
receiving cerebellar feedback. These recorded pontine responses were also used as mossy fiber 
input in a simulation of the cerebellum in order to create a more biologically accurate model of 
the cerebellum. Since we can manipulate the simulation in ways that are not feasible in live 
animals, this allows us to ask questions about why certain aspects of the CS input may be 
important to the cerebellum for both learning and making accurate predictions. These methods 
allow us to characterize pontine responses during an auditory CS in order to ask questions about 
what input the cerebellum uses to learn and make predictions. 
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Abstract: During daily activities, our sensory system is activated by self-generated and external 
events. We have previously shown that cerebellar output neurons and their targets neurons in the 
vestibular nuclei robustly encode passively applied motion in the horizontal plane, while they are 
attenuated during comparable self-generated head motion. However, natural head movements are 
not restricted to one plane and generate more complex vestibular stimuli because of the presence 
of the gravity. Specifically, sensory periphery does not provide an accurate representation of the 
gravity due to Einstein’s equivalence. Therefore, we tested whether a neural representation of 
gravity is included in the internal model used to differentiate between passive and active motion. 
We first studied neuronal responses of cerebellar output neurons (rostral Fastigial nuclei, rFN) 
during passive tilts motion and found that neurons could be divided in three groups: translation-
selective, tilt-selective and GIA selective cells. Sensitivity of the GiA selective cells was similar 
to translation and tilt. Tilt selective and translation selective cells showed a higher sensitivity for 
their respective preferred stimulation. We then recorded the responses of each neuron while 
monkeys made voluntary changes in head orientation by performing head tilt motion. Relative to 
their modulation in response to either passive translation or to passive tilt, neuronal responses to 
comparable self-generated movements were attenuated rFN (78%). This was consistent with 
prior characterizations for active translation in the horizontal plane showing a ~70% decrease in 
the neuronal modulation during active movements. Furthermore, because passive and active 
stimulation are often experienced simultaneously, we also tested whether neurons selectively 
encode sensory exafference under a condition where the monkeys were passively translated 
while generating simultaneous voluntary head tilt motion. When submitted to concomitant 
passive and active stimulation, both translation and GIA-selective cells responses provided a 
precise estimate of the passive motion. Such modulation was not expected for the tilt-selective 
cells as they do not encoded passive translation motion. Our findings demonstrated a 
sophisticated processing, where the internal model integrates not only an exogenous stimulus as 
shown previously, but also take into account the complex calculation of tilt-translation 
disambiguation. 
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Abstract: In the mammalian cerebellum, climbing fibers provide a powerful synaptic input to 
Purkinje cells that evokes regenerative dendritic calcium events called complex spikes. Complex 
spikes are generally thought to provide instructional signals that drive cerebellar-dependent 
motor learning. For many simple behaviors such as learned modifications to reflexes, climbing 
fibers have been shown to provide motor error signals. However, it is unclear whether such a 
model can explain more flexible behaviors where there are multiple sensory and motor signals 
necessary to drive learning, which themselves often need to be learned. Therefore, to test the role 
of complex spiking in motor learning, we have developed a forelimb-based motor learning 
paradigm for the head-fixed mouse that is amenable to calcium imaging and other recording 
methods, as well as optogenetic manipulation of neural activity. Here we address the question of 
what information complex spikes convey prior to learning, and how this information is 
distributed across large regions of the cerebellum during a motor behavior that can readily be 
modified by learning. By expressing GCaMP6f in cerebellar Purkinje cells, we studied complex 
spiking using both widefield imaging to visualize large regions of cerebellar cortex, and resonant 
scanning two-photon imaging to visualize complex spikes within individual Purkinje cells. Using 
these approaches, we find robust task-modulated complex spiking localized to lobule simplex, 
where Purkinje cells can drive ipsilateral arm movements. Contrary to a model where complex 
spikes signal motor errors, widefield imaging revealed larger amplitude calcium transients in 
response to successfully timed arm movements as compared with improperly timed movements. 
To test the underlying source of these differential responses, we imaged individual Purkinje cell 
dendrites at higher resolution using resonant scanning two-photon microscopy. These 
experiments revealed that well-timed movements produced both larger responses within 
individual dendrites, as well as a larger number of responsive dendrites across a local population 
of Purkinje cells. Thus, we find that task-modulated complex spiking is driven in a temporally 
specific manner that is linked to trial outcome, properties that are well suited to instruct motor 



learning. However, our findings are not consistent with an error-based model of complex spike 
driven motor learning in our behavioral paradigm. Instead, our results suggest the hypothesis that 
complex spiking is more closely tied to the specific combination of sensorimotor inputs 
necessary to drive learning rather than to the valence of the inputs it encodes. 
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Abstract: Studies of brain activity during sleep have hitherto largely concentrated on signals 
from the cerebrum. Despite the fact that both the cerebellum and sleep are heavily implicated in 
motor learning, very little is known either about cerebellar activity or its relationship to cerebral 
activity during different sleep stages. Using a wearable device we made recordings of local field 
potentials (LFPs) from the primary motor cortex (M1) and the cerebellum of the macaque during 
natural sleep in its home environment. We found that cerebellar and M1 LFP powers generally 
modulated together in time during sleep. We used modulation of M1 power in the delta band (0-
4Hz) as a continuous measure of the periodicity of sleep. We took periods of relatively high delta 
power to represent slow-wave (stage 3) sleep and periods of relatively low delta power to 
represent non-slow wave sleep (stage 1, 2 and REM sleep). We find that power in higher 
frequency bands is modulated out of phase with delta power in both M1 and the cerebellum. 
Moreover we see a greater degree of coherence between M1 and cerebellar LFPs in these higher 
frequency bands during periods of relatively low M1 delta power, and vice versa. There is also a 
greater degree of periodicity in the modulation of powers of frequencies up to the low gamma 
range during sleep and the coherence between the two brain regions occurs in a different 
frequency ranges compared to waking. We conclude that the well-known cortical sleep states are 
associated with distinct patterns of activity in the cerebellum, and that behavioural state 
influences the interaction between motor cortex and cerebellum. 
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Abstract: Amygdala modulation of cerebellar-mediated conditioned responses has recently been 
demonstrated (Farley et al, 2016, Siegel et al, 2015). A candidate mechanism is that amygdala 
output may modulate the conditioned stimulus (CS) pathway in delay eyeblink conditioning 
(dEBC). However, it is unknown if the amygdala modulation is specific to dEBC with an 
auditory CS. To address this, we trained adults rats in dEBC as previously reported (Farley et al, 
2016), but used a white LED as the CS.Adults rats were bilaterally implanted with a cannulae 
directed at the amygdala central nucleus (CeA). Rats were divided into three groups: MUS 
(muscimol [GABA-A agonist]), SAL (saline), MUS-EXT (extensive training with muscimol). 
The MUS and SAL groups received muscimol (2mM, 0.2µl) or saline infusions 30 minutes prior 
to training during sessions 1-5. Training continued without infusions from session 6 to reaching 
criterion. Saline and muscimol retention tests were then given to all rats (order counter 
balanced). The CS was then switched to an auditory CS and rats reacquired dEBC. After 
reaching criterion, rats were given retention tests again with saline and muscimol infusions. For 
the MUS-EXT group, rats were trained for 16-sessions with CeA inactivation. Training 
continued without inactivation from session 17 until reaching criterion, after which they 
underwent a muscimol retention session.Acquisition of dEBC with a visual CS was severely 
impaired with CeA inactivation. There were no differences in the rate or magnitude of other 
eyeblink measures (unconditioned responses, startle responses, etc) during the initial LED 
training. The number of sessions to reach criterion without inactivation was the same between 
muscimol and saline animals across CS modalities. After rats in the MUS-EXT group reached 
criterion, their conditioned responses were impaired with a muscimol retention session and then 
CRs recovered to pre-retention levels the following session. These results show that CeA 
inactivation impairs the acquisition and retention of dEBC with either a visual or auditory CS. 



Furthermore, despite some learning of the CS-US association with extensive CeA inactivation, 
amygdala output appears to have a persistent role in the acquisition and retention of dEBC. 
These results are consistent with previous findings that amygdala output to the pontine nucleus 
may strongly modulate CS information to the cerebellum. 
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Abstract: Eyeblink conditioning (EBC) is an associative motor learning task requiring the 
cerebellum. Previous research has shown impaired acquisition and retention of EBC when the 
central amygdala (CeA) is inactivated with muscimol or bupivacaine in rats (Ng & Freeman, 
2014; Farley et al., 2016). The medial CeA has a monosynaptic projection to the basilar pontine 
nuclei (PN), which relay conditioned stimulus (CS) information to the cerebellum via the middle 
cerebellar peduncle (MCP). Moreover, there is evidence that the CeA modulates CS-related 
activity in the PN (Taub & Mintz, 2010). However, the CeA has other projections that could 
influence the eyeblink conditioning circuitry. In this study, electrical stimulation of the MCP (50 
Hz, 100 µA) was given as the CS during eyeblink conditioning in rats in order to bypass the 
amygdala projection to the CS pathway. The CeA was also pharmacologically inactivated during 
both acquisition and retention of EBC. If the CeA influences cerebellar learning through 
projections to the CS pathway, learning with MCP stimulation as the CS should be unaffected by 
CeA inactivation. On the other hand, if the CeA influences cerebellar learning through 
projections to the unconditioned stimulus, unconditioned response, or conditioned response 
pathways, CeA inactivation should at least partially impair EBC when using MCP stimulation as 
the CS. Acquisition and retention of EBC with MCP stimulation as the CS were completely 
unimpaired by CeA inactivation. These findings indicate that the amygdala exerts its modulatory 
effect on cerebellar learning exclusively through the CS pathway, possibly at the level of the PN. 
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Abstract: The cerebellum is a major site of sensorimotor integration, but our understanding of 
how the circuit encodes associated sensory and motor information during behaviour remains 
limited. Here we use a well-defined model, the mouse vibrissae system, to study how 
sensorimotor signals are represented by the activity of individual neurons within the cerebellar 
cortex. We have recently shown that single Purkinje cells linearly encode whisker position via 
bidirectional firing rate changes (eLife 5: e10509). However, it is unclear how whisker 
information is processed before reaching Purkinje cells. We examined the contribution of 
synaptic inputs to this linear encoding scheme by directly recording from two types of upstream 
neurons, excitatory granule cells and inhibitory interneurons. In vivo patch clamp recordings 
were made from lobule Crus I in awake, head-restrained mice. Simultaneous high-speed 
videography and motion tracking allowed us to correlate spontaneous whisking behaviour with 
single neuron activity. We found that granule cells (n = 5/13 whole cell, 9/15 cell-attached) use 
high-frequency bursting activity to individually encode sparse and sharply tuned information 
about whisker set point. Granule cell populations thus provide to downstream neurons an overall 
linear excitatory drive correlated with set point change. In contrast, putative molecular layer 
interneurons (MLIs) exhibited bidirectional changes in firing rate during whisking (n = 34/43), 
with a large fraction displaying linear relationships (n = 19/43) between firing rate and whisker 
position in the same manner as Purkinje cells. Thus, feed-forward inhibitory signalling via MLIs 
functionally reverses the sign of whisker-related inputs received by Purkinje cells (and by other 
interneurons). Our results suggest that sparse and selective granule cell activity is integrated by 



downstream neurons to provide a linear representation of volitional movement in MLIs and 
Purkinje cells. 
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Abstract: We previously found that neurons in the cerebellar dentate nucleus (DN) exhibited 
temporally-specific firing modulation for isochronously repetitive stimuli, which were 
proportional to the interstimulus interval (Ohmae et al., J Neurosci, 2013). To assess the relative 
contribution of the inputs from Purkinje cells (P-cells) and mossy fibers (MFs) to the firing 
modulation in the DN, we compared single neuronal activity before and during infusion of either 
GABAA receptor antagonist (gabazine, 1–4 mg/mL) or glutamate receptor antagonists (NBQX 
and CPP for AMPA and NMDA receptors, respectively; 0.5 mg/mL for each). Drugs were 
pressure-injected (~0.3 µL at 7–15 nL/min) during single neuron recordings using a homemade 
injectrode and a micropump. Three monkeys performed the "missing oddball" task, in which 
animals made a saccade in response to a single omission of repetitive visual stimuli that appeared 
at a fixed interstimulus interval. To accomplish this task, the animals had to predict the timing of 
each next stimulus in the sequence. 
When gabazine was administrated, the magnitude of firing modulation for each repetitive 
stimulus significantly decreased (paired t-test, n = 12, p < 0.05), while the majority elevated the 
baseline firing rate (n = 7/12, p < 0.05). On the other hand, when NBQX+CPP compound was 
applied, the size of firing modulation remained unchanged (n = 8, p = 0.96), although most 
neurons reduced the baseline firing rate (n = 5/8, p < 0.05). Furthermore, the changes in baseline 
activity and those in the firing modulation tended to negatively correlate with each other in the 
gabazine experiments (Spearman’s rank correlation, rs = –0.50, p = 0.10), whereas they showed a 
trend of positive correlation in the NBQX+CPP experiments (rs = 0.52, p = 0.20). We also found 



that only a few neurons showed alteration of saccade-related neuronal activity during either drug 
infusion in the memory-guided saccade trials. These results suggest that the temporally-specific 
firing modulation in the DN might be generated by the inputs from the cerebellar cortex, 
although both the signals from MFs and P-cells may contribute to adjusting the level of baseline 
activity. 
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Abstract: The cerebellum is canonically known for its role in coordinating movement. However, 
evidence from several anatomical tracing studies suggests that some cerebellar projections 
terminate in non-motor areas. Recent work in our laboratory has revealed a functional 
monosynaptic connection between the deep cerebellar nuclei (DCN) and ventral tegmental area 
(VTA), which influences reward and motivational behaviors through dopamine signaling. The 
VTA is known to project directly to the prefrontal cortex (PFC), an area that has been implicated 
in complex cognitive processing. Here, we determined whether VTA cells that receive cerebellar 
input go on to project to cells in the PFC. For our anatomical tracing experiments, we used GFP-
tagged H129, a strain of herpes simplex virus type 1 that trans-synaptically spreads 
predominantly in an anterograde direction. We found that in mice, injection of H129 into the 
DCN results in GFP-labeled cells in PFC. In order to assess the functional responses of PFC 
neurons to cerebellar activation, we performed extracellular in vivo recordings in awake, 
behaving mice. We found that optogenetic stimulation of Channelrhodopsin2-expressing 
cerebellar axons in VTA robustly modulates firing rates of both VTA and PFC neurons. We 
observed both excitatory and inhibitory prefrontal responses upon stimulation of cerebellar 



fibers. These data suggest that the cerebellum communicates with the prefrontal cortex, and may 
have a substantial role in influencing cortical processing. 

Disclosures:  A. Schott: None. K. Khodakhah: None. 

Poster 

718. Cerebellar Networks and Functions 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 718.12/QQ10 

Topic: E.02. Cerebellum 

Title: Cerebellar projections to VTA: reward and social roles 

Authors: *I. CARTA1, C. H. CHEN2, S. DORIZAN3, A. SCHOTT1, K. KHODAKHAH1;  
2Neurosci., 1Albert Einstein Col. of Med., Bronx, NY; 3Neurosci., Northwestern Univ., Chicago, 
IL 

Abstract: The cerebellum is an important structure for movement. However, some of its 
projections terminate in brain areas that are not related to movement. Cerebellar fibers are found 
throughout the midbrain, including the ventral tegmental area (VTA). The VTA, through 
dopaminergic signaling, participates in reward, motivation and socially related behaviors. We 
hypothesized that a cerebellar-VTA connection might be a substrate for cerebellar modulation of 
non-motor behaviors. To test this, we first examined the functional properties of this connection 
by expressing Channelrhodopsin2 (ChR2) in the deep cerebellar nuclei (DCN) and recording 
from the VTA either in vitro or in vivo while stimulating ChR2+ axons from the cerebellum. We 
found that responses in the VTA were common, and many of these cells were dopaminergic. In 
order to determine whether the cerebellar input to VTA is important to influence these complex 
behaviors we expressed either ChR2 or Archaerhodopsin (ArchT) in the DCN of mice, and 
bilaterally implanted optical fibers above VTA. We then performed behavioral testing to assess 
reward seeking and sociability. In a simplified self-stimulation test we found that optical 
stimulation of cerebellar terminals in VTA is sufficient to induce self-stimulation. Moreover, in 
the three chamber social task, we found that the natural preference of mice for social contexts is 
lowered if stimulation is offered as an alternative. To further determine whether the cerebellar 
inputs to VTA play a role in social behavior we silenced them using ArchT and indeed the social 
preference was decreased during the task. Finally, to test whether the cerebello-VTA pathway is 
naturally active during social behavior, we injected some mice with GCamp6 in DCN and 
implanted them with optic fibers in the VTA to detect calcium fluorescence. When we tested 
them in the three chamber social task, we observed increased calcium fluorescence while the 
mice were close to the social cue. Our data suggest that cerebellum might be an important 



upstream structure that shapes VTA response to salient stimuli thereby influencing reward and 
social behavior. 
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Abstract: We previously identified a small region in the anterior interpositus nucleus of the 
cerebellum that is essential for the expression of learned eyelid movements in mice, and reported 
that the responses of some neurons located in and around this “hotspot” are positively correlated 
with the eyelid kinematics on single trials. Here we analyzed how the same neurons respond 
during locomotion and report an unexpected feature of the response properties. Mice were head-
fixed on top of a cylindrical treadmill and trained to blink in response to a light or vibrissal 
conditioned stimulus (CS) that was repeatedly paired with an airpuff to the eye. We then made 
single unit recordings in and around the eyeblink hotspot while the mice performed conditioned 
eyelid movements and walked freely on the treadmill. We found that many of the neurons that 
had excitatory responses during conditioned eyelid movements were inhibited during 
locomotion. Furthermore, the firing of nearby neurons was a mirror image: inhibition during 
conditioned eyelid movements and excitation during locomotion. This antagonistic relationship 
between neighboring neurons suggests that neurons within the deep cerebellar nuclei contain 
center surround motor fields analogous to the center surround receptive fields commonly seen in 
sensory systems. 
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Title: A hypothesized circuit mechanism underlying motor memory expression in cerebellum 
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Abstract: The cerebellum has long been hypothesized to be involved in the storage and 
expression of motor memories. Recently, our lab showed that optogenetically conditioned motor 
memories are stored in the cortical and nuclear regions of the cerebellum and expressed via 
disinhibition-mediated bursts of activity in the cerebellar nuclei. The objective of this study was 
to determine the impact of preventing disinhibition of the cerebellar nuclei when cueing an 
optogenetically conditioned forelimb movement. By transiently increasing inhibition of 
cerebellar nuclei during high-speed video recordings of mice responding to a previously 
conditioned auditory cue, we demonstrated that preventing disinhibition of cerebellar nuclei 
prevents the expression of the learned forelimb movements. We conclude that disinhibition-
mediated bursting of the cerebellar nuclei is necessary for expressing the motor memory and the 
subsequent forelimb movement. Furthermore, we suggest this mechanism could be relevant for 
the expression of other kinds of cerebellum-dependent motor memories. 
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Abstract: We are constantly moving, and these movements shift the visual representation of the 
target goal of an impending movement across the retina. The brain must re-compute the 
programming of the movement toward the goal to take into account the intervening movements 
so that our goal directed movement is accurate. Spatial updating of movements can be studied 
using saccades by exposing the subjects to double-step saccade task (DST). In this task, two 
sequential saccades are made in the dark following two flashes of a small target spot in different 
locations on a tangent screen. The first saccade disrupts the congruency between the vector of the 
retinal representation of the second target flash and the desired vector of the second saccade. 
Because there is no intervening saccade, in targeting saccade task the two vectors are congruent. 
In DST task, the superior colliculus (SC) is thought to send the desired saccade vector signal to 
brainstem burst generator to produce the second saccade. However, our data showed that the 
saccade-related bursts of neurons in the intermediate layer of the SC appeared to encode the 
initial vector of the retinal representation of the second target flash (retinotopic goal). The 
incongruity between the signal from the SC and the vector of the impending saccade requires a 
correction. For example, in a DST task in which the two target flashes appears at 8 and 16 degree 
eccentricities, the monkey must make two 8 degree saccades in the same direction. Saccade-
related burst neurons located at 8 degree site burst for the first 8 degree saccade. They do not 
burst for the second 8 degree saccade, but neurons located at 16 degree site do. Therefore, the 
drive signal from the SC would be too large for producing 8 degree second saccade, and other 
neuronal structures must compensate for it. One candidate is the cerebellar caudal fastigial 
nucleus (cFN) because it projects directly to the burst generator. Neurons in cFN exhibit earlier 
burst for contraversive saccades and later burst for ipsiversive saccades. It is thought that the 
early burst is accelerating the contraversive saccades, and the late burst is decelerating 
ipsiversive saccades. Our recording from cFN neurons using DST task indicated that their burst 
timing and magnitude seem appropriate to compensate for the retinotopic goal signal from the 
SC during the execution of the second saccade. Taken together, these data argue that the 
oculomotor cerebellum may involve in computing the spatial updating of saccades. 
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Abstract: “Neuronal machine” is a metaphor for the cerebellum, although knowledge of how the 
parts of the machine work together to provide an appropriate output is quite limited. This 
situation reflects the difficulty in identifying the activity of the various parts of the “machine”, 
especially during an awake animal’s behavior. Recently, we developed a decision tree using 
spontaneous firing patterns to identify classes of interneurons. The ability to distinguish among 
mossy fiber inputs, interneuron classes, and Purkinje cell outputs provides opportunities to study 
integration in cerebellar signal processing. We report here on the modulation of identified 
floccular Purkinje cells and interneurons in the awake rabbit responding to visuovestibular 
stimulation. Single-cell recordings were made in the flocculus of two awake rabbits that were 
sigmoidally oscillated about a vertical axis in the light. This stimulation allows determination of 
sensitivity to rotation direction and to the underlying movement kinematics. Earlier work in our 
laboratory showed that the vast majority of those rabbit floccular Purkinje cells whose complex 
spikes (CSs) were best modulated by visual image slip about the vertical axis responded in the 
dark with an increase in simple spike (SS) activity during contralateral head rotation and/or a 
decrease in SS activity during ipsilateral head rotation. (Responses with such a directional 
polarity are called type II. Responses with the opposite polarity are type I). Interestingly, 
floccular mossy fibers have been reported to be type I or type II in roughly equal numbers. In the 
present study, each interneuron class - unipolar brush cell, granule cell, Golgi cell, and 
basket/stellate cell - had both type I and type II members. Unipolar brush cells and granule cells 
had more type II than type I responsive cells (8 vs 4 and 12 vs 8, respectively), Golgi cells had 
more type I responsive cells (10 vs 3), while basket/stellate cells had nearly equal numbers of 
type I and type II responsive cells (6 vs 5). In marked contrast, in the present study the 16 
Purkinje cells with CSs best responsive to visual slip about the vertical axis all had type II SS 
modulation. Taken together, the findings reveal that the roughly balanced presence of type I and 
type II input modulations is maintained on the interneurons, but is absent on the output Purkinje 
cells. The extent to which this loss of diversity was divided between moment-to-moment 



computational processes and longer-term plastic processes is not yet known. In situations other 
than the one reported here, other SS modulation patterns may arise, drawing from the wide range 
of available interneuron diversity. 
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Abstract: In primates, the hemispheric part of the cerebellum is termed the cerebrocerebellum 
because it receives its primary input from the cerebral cortex via pontine nuclei. The ponto-
cerebellar projection terminates as mossy fibers (MFs) in the granular layer of the cerebellar 
cortex. The MFs projecting to lobules IV-VI of the cerebrocerebellum receive predominant 
inputs from the primary motor cortex (M1) and premotor cortex (PM) in the frontal lobe (Kelly 
and Strick 2003). The output of this part of the cerebrocerebellum is generated in the dentate 
nucleus (DN) and sent back to M1 or PM via thalamus. Because of this anatomical structure, 
examination of activity patterns of the MFs and DN cells during a movement should provide 
important clues for understanding the functional role of the cerebrocerebellum in control of 
voluntary movement. 
We recorded unit activity of MFs and DN cells in 2 monkeys during step-tracking movements of 
the wrist joint in two forearm postures: full pronation (Pro) and full supination (Sup). We found 
52 MFs and 51 DN cells with significant task-related activity in both forearm postures. Most of 
these (n=49 MFs and n=48 DN cells) had clear somatosensory receptive fields in the distal part 
of the ipsilateral arm. For each cell, we calculated a task-related preferred direction (PD) before 
movement onset and determined the change in PD from Pro to Sup postures. More than half of 
the MFs (n=27) and DN cells (n=27) showed directional tuning in both forearm postures and had 
a significant change in PD (40-120 deg) between postures. This change in PD was comparable to 



that of EMG activity of task-related forearm muscles (average 65 and 100 deg in the two 
monkeys) and also matched that of "intrinsic-like" M1 cells reported in a previous study (Kakei 
et al. 1999). Furthermore, the timing of the modulations in MFs and DN cells preceded 
movement onset (average of 83 and 77 msec, respectively). Taken together, our results are 
consistent with the view that MFs projecting to lobules IV-VI of the cerebrocerebellum transmit 
an efference copy of motor cortical activity prior to movement onset. The timing of DN output to 
M1 and PM is early enough to provide a prediction of the sensory outcome of the planned 
movement prior to any sensory feedback from the actual movement. Thus, our results indicate 
that the cerebrocerebellum contains a forward model directed to frontal lobe motor areas to 
improve the precision of motor control. 

Disclosures:  T. Ishikawa: None. D.S. Hoffman: None. S. Kakei: None. 

Poster 

718. Cerebellar Networks and Functions 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 718.18/QQ16 

Topic: E.02. Cerebellum 

Support: NIH Grant R37 NS39395 

Title: Firing of Purkinje cells and neurons of the cerebellar nuclei during free and 
optogenetically perturbed locomotion in awake mice 

Authors: *R. SARNAIK, I. M. RAMAN;  
Dept. of Neurobio., Northwestern Univ., Evanston, IL 

Abstract: Purkinje (Pkj) cells change their firing rates during movements and modulate the 
activity of target cells in the cerebellar nuclei (CbN) via convergent, GABAergic projections. 
Large CbN cells generate cerebellar output that can facilitate coordinated movements or correct 
errors. To test how the firing rates of Pkj and CbN cells change during rest and locomotion, and 
to examine how Pkj firing patterns affect CbN cells, we made loose cell-attached recordings in 
head-fixed mice running ad lib on a cylindrical treadmill. The position of the ipsilateral hindpaw 
was monitored so that firing could be examined relative to the step cycle. Mice expressed 
channelrhodopsin (ChR2) in Purkinje cells (L7-cre x Ai27D), and illumination was applied 
through an optical fiber in the patch pipette. Optogenetic stimulation of Pkj cells near the 
recording pipette was used (1) to activate Pkj or inhibit CbN cells and so confirm the identities of 
neurons, (2) to evoke light-induced discontinuities in ipsilateral hindlimb movement and so 
verify that cells were in an ipsilateral hindpaw-specific region in lobule VI (Pkj) and in the 



anterior interpositus (CbN), and (3) to manipulate Pkj cell firing patterns. When mice were 
stationary, the firing rates of both Pkj and CbN cells were similar, and, when mice ran, the mean 
rates of both groups increased (Pkj: rest 69 ± 7, run 109 ± 9, n = 26; CbN: rest 71 ± 5, run 92 ± 6 
sp/s, n = 27). During running, most Pkj and CbN cells modulated their firing consistently at 
distinct phases of the step cycle, usually regardless of the stride length. Plots of instantaneous 
spike rates relative to the step cycle showed that firing could be (I) in phase, (II) 90 degrees 
shifted, with rates rising on the stance, (III) out of phase, (IV) 270 degrees shifted, with rates 
rising on the swing, (V) doubly peaked, with rises on the stance and swing, (VI) doubly peaked, 
with decreases on the stance and swing, or (VII) unmodulated. Pkj and CbN cells were found in 
all categories, with the largest groups of Pkj cells in classes II (n = 6/26) and V (n = 11/26) and 
the largest groups of CbN cells in classes I (n = 9/32) and II (n = 9/32). Optical stimulation of 
Pkj cells could perturb ipsilateral hindpaw movement in running mice or initiate running in 
stationary mice. In each cell, the light stimulus was varied, including steps (1-2 s) of different 
intensities and trains at several rates (1-ms pulses, 20-225 Hz). Even when mean firing rates of 
Pkj cells were matched, movement was more likely to be altered by light steps than by light 
trains, especially with Pkj firing rates <100 Hz. These data suggest that cerebellar output can 
vary with temporal patterns of Pkj cell activity. 
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Abstract: The cerebellum is essential for precise and skillful motor behaviors. The time frame 
for expression of cerebellar function in motor control is generally assumed to be relatively short, 
close to real time. However, increasing evidence for cerebellar involvement in sequencing and 
working memory argues that cerebellar function manifests over extended time periods in both 
motor and cognitive domains. 
In this study we examine the time frame of the cerebellar cortex signaling. Inter-temporal 
regression analysis of simple spikes (SS) firing recorded from 183 Purkinje cells during pseudo-
random tracking reveals that modulation with kinematics (position, velocity and speed) and 
performance errors (position and radial errors) persists up to 2 s before and after behavior. The 
significance of the SS modulation for each behavioral parameter was assessed against 
regressions obtained with trial shuffled data that decoupled SS firing from behavior while 
preserving data statistics. Importantly, the long range signals in the SS firing were abolished in 
the trial shuffled data. For each behavioral parameter we divided the ± 2000 msec window of 
interest into eight epochs of 500 msec. The presence of signals was based on the largest 
significant local maxima of the R2 temporal profile in each epoch. Position, velocity and position 
errors have the most frequent and strongest long-range predictive and feedback modulations, 
with less common, weaker long-term correlations for speed and radial error. Autocorrelations of 
the behavioral parameters show no secondary peaks that could explain the long range 
correlations. Furthermore, cross-correlations between behavioral parameters reveal only a few 
pairs with strong interactions that cannot fully explain the SS encoding of those parameters. 
Position, velocity and position errors can be decoded from the population SS firing with 
remarkable accuracy for even the longest predictive (-2000 to -1500 msec) and feedback epochs 
(1500 to 2000 msec). In the -500 to 0 and 0 to 500 msec epochs, decoding for all behavioral 
parameters is almost perfect. 
We conclude that Purkinje cells SS discharge includes not only short-range predictive and 
feedback signals but also long-range activity over ± 2 s related to working memory and 
expectations of future behavior. Such long-range signals could provide the neural substrate 
underlying cerebellar involvement in working memory and sequencing. These results suggest the 
cerebellum evaluates the consequences of motor commands over a time frame consistent with 
the widespread 3-4 sec integration window characterizing motor, sensory and cognitive 
processes, considered to represent the "subjective present". 
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Abstract: Neural spike trains can be characterized by both their overall firing rate and precise 
temporal patterning. Whereas firing rate is widely assumed to affect the activity of downstream 
neurons, the functional significance of the fine temporal structure of neural spike trains has been 
more difficult to test. An understanding of this functional impact may be especially relevant in 
designing and interpreting stimulation experiments, which typically use perfectly regular 
stimulus trains, although neural activity in vivo is often highly irregular. 
We leveraged the experimental advantages of the oculomotor cerebellum to test the effects of the 
fine temporal structure of spike trains in intact animals. Optogenetic stimulation of Purkinje 
cells, the output neurons of the cerebellar flocculus, drove smooth eye movements time-locked to 
the stimulus. We investigated the interaction between two parameters: the irregularity and mean 
rate of Purkinje cell stimulation. Irregular activation patterns drove significantly smaller mean 
eye movements than the corresponding regular pattern at the same underlying rate. A biophysical 
model of the Purkinje cells’ target neurons, modified from Luthman et al. (2011), was used to 
investigate how the irregularity of stimulus-driven, inhibitory synaptic input from Purkinje cells 
interacts with ongoing spontaneous input to control downstream pre-motor targets. 
Finally, we assessed the impact of firing rate irregularity in the more natural context of eye 
movements driven by sensory stimuli. Recordings from Purkinje cells during oculomotor 
behaviors in both mice and monkeys revealed that the irregularity of spiking, as well as the spike 
rate, varied rapidly during behavior. Naturalistic sequences of concurrent changes in firing rate 
and irregularity were then played back optogenetically to Purkinje cells in vivo. The results 
provide causal evidence that the changes in spiking irregularity driven by sensory stimuli can 
serve to amplify the impact of firing rate changes on motor output. 
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Abstract: The use of transcranial direct current stimulation (tDCS) as a potential therapeutic 
treatment for movement disorders associated with cerebellum has shown promise according to 
early studies. Our previous studies on the effects of tDCS to the cerebellum using rats suggested 
there were changes in Purkinje cell firing rate and local field potentials (LFPs). In our current 
investigation, dual recordings from the cerebellar and motor cortices were conducted on six 
Sprague-Dawley rats. A total of 16 Purkinje cells were isolated in vivo along with LFP 
recordings in both cerebellar and cerebral cortices with anodal tDCS at two different intensities: 
100 µA and 200 µA. Both types of stimulation generated an overall decrease in Purkinje cell 
firing rate by 13%, which is in contrast to previous studies showing an increase. This indicates 
that the change in firing rate of the Purkinje cells is variable. Power spectrum analysis of LFPs in 
the motor cortex by tDCS revealed frequency changes in 13 out of 16 recordings. These changes 
are associated with an activity peaked at a frequency ranged from 85-100 Hz. In 3 cases, there is 
an immediate increase in amplitude for low frequencies following stimulation. The results 
support previous studies that electrophysiological changes in the motor cortex are associated 
with the activity changes in cerebellar cortex. We further studied the tDCS effects on cerebello-
cerebral cortical relationship using cross correlation and coherence methods. Analysis shows a 
cross correlation ranging from 0.2-0.5 after normalization in 15 of 16 recordings. Further 
analysis on cross correlation lags indicates that the signal from the motor cortex precedes that of 
the cerebellar cortex although a variable change by tDCS is observed. Coherence analysis using 
magnitude squared coherence estimation shows correlation in two frequency ranges: 5-25 Hz and 
85-100 Hz. The higher frequency range appeared in the power spectrum analysis for LFPs in 
both cortical regions. Future studies will include a computational modeling method to study the 
tDCS effects on a single Purkinje cell to help explain the bidirectional changes in firing rate and 
its involvement in the changes of cerebello-cerebral correlation. 
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Abstract: At SfN ’15, we described a transverse cerebellar commissure of thick myelinated 
axons within the Purkinje Cell Layer (PCL) in the pond turtle Trachemys Scripta. This 
commissure connects the lateral edge of the cerebellar cortex (Cb) on one side to that on the 
other. Electrical stimulation of one eighth cranial nerve (cnVIII) evokes a rapid response in the 
contralateral edge of the Cb (Brown et al, J Neurophysiol 2011). The present work confirms the 
vestibular role of this commissure in mediating connections to vestibular afferents of the 
vestibular ganglia (VG) and to neurons of the vestibular nuclear complex (VNC). Intact brains of 
anesthetized turtles, with attached temporal bones, were prepared for pathway tracing from 
fluorescent dextrans (in vitro) placed in lateral Cb or carbocyanine dyes (fixed tissue) placed in 
cnVIII. Following fixation (4% para), decalcification (0.1M EDTA), and embedding in 3% 
gelatin, 30-µm sections were visualized with confocal microscopy. Commissural fibers were 
again seen in the PCL. Dextran filled somata were observed in both the ipsilateral and 
contralateral VG. This finding supports the lateral Cb’s common name ‘vestibulocerebellum’, 
providing direct evidence of a vestibular input rather than only a general nVIII input. Somata 
observed bilaterally within the VG have bipolar morphology, measuring up to 18 µm wide and 
29 µm long. Neurons were also observed bilaterally in VNC with multipolar soma diameters up 
to 20 µm. Additional experiments left the neural structures intact in fixed tissue except for a 
midsagittal cut through the brainstem below the Cb, from the obex to the midbrain. Then, one 
cnVIII was severed and DiI crystals were placed into that proximal nerve stump. That 
preparation was incubated for 5 weeks at 35°C before analysis. DiI-labeled cell bodies were 
observed bilaterally in each VNC at the same level as those labeled with dextrans and had similar 
morphology. The presence of labeled VNC somata contralateral to the dye placement, in a 
brainstem severed along the midline, indicates that the Cb provides a commissural path that is 
distinct from commissural fibers within the ventral brainstem. When observed in tangential 
sections, this commissure is located in the middle third of the Cb’s rostral-caudal axis. Both DiI 
transport from cnVIII to the contralateral VNC after severing the brainstem mid-line, and the 
filling of contralateral VG cells from the lateral Cb, further elucidate the nature of the cerebellar 



commissure and its anatomical relationship to the vestibular system. This thick, myelinated 
vestibular commissure traveling within the PCL may be integral in the bilateral processing of 
head movements. 
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Abstract: Premature births constitute a rapidly rising percentage of live births in the US. 
Annually ~65,000 preterm infants are born ‘very low birth weight’ or ‘VLBW’ (<1500 g; 32 
weeks gestation), making them 40-100 times more likely to develop disruptive motor disorders 
compared to regular birth weight infants. Biomedical studies have established perinatal hypoxia 
as a major cause of grey and white matter abnormalities in the CNS of VLBW infants, with the 
cerebellum being particularly vulnerable to hypoxic injury. Previous work from our laboratory 
has shown that GABAergic signaling is significantly reduced in the white matter of the 
cerebellum in an established mouse model of perinatal hypoxic injury [Zonouzi, M. et al. 
GABAergic regulation of cerebellar NG2 cell development is altered in perinatal white matter 
injury. Nature Neuroscience, 2015]. Quite strikingly, the cerebellar cortex is also affected post-
hypoxic injury (Hx). Hx results in a drastic reduction in number of molecular layer interneurons, 
and dramatically altered Purkinje cell arborization compared to normoxic controls (Nx). 
However, whether this cellular alteration in the cerebellar cortex due to hypoxic insult results in 
a difference in motor behavior remains unexplored. Using an automated behavioral apparatus - 
the Erasmus Ladder - to monitor motor performance and learning we have studied cerebellar 
behavior in Hx mice. This horizontally-oriented computerized ladder allows us to measure 
stepping patterns using pressure-sensitive rungs. Our results show that compared to normoxic 
controls, P25 Hx mice display profound deficits in both motor performance - measured as 



percentage of missteps on the ladder, as well as conditioned motor learning - measured as 
adaptability to adjust stepping patterns to avoid a computer-controlled obstacle preceded by a 
warning tone. This deficit in motor performance and learning is present even in naïve P45 Hx 
mice, albeit to a lesser extent than P25 Hx deficits. Further, stepping pattern data indicate 
alterations in locomotor strategy in Hx mice. Finally, misstep percentage is partially rescued 
after pharmacological intervention with a GABA reuptake inhibitor in P25 Hx animals. Thus, 
our data indicates a long-term miscoordination phenotype characterized by motor 
malperformance, as well as adaptive cerebellar-learning deficits in a mouse model of premature 
birth injury. 
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Abstract: Objectives: Patients who have suffered cerebellar stroke present with neurological 
impairments such as motor coordination, motor learning deficits, vertigo and acute hearing loss. 
Cognitive-affective impairments have also been reported in these patients, suggesting an 
important role for the cerebellum in non-motor function. There are no animal models of 
cerebellar stroke currently available to investigate mechanisms of injury and repair. Therefore 
we have developed a mouse photo-thrombotic model of cerebellar stroke. 
Methods: Adult male mice (C57Blk6, 8-12 week) were subjected to an intraperitoneal 
administration of Rose Bengal (150 ug/g), a light-sensitive dye that reacts with light and 
generates thrombosis by causing platelet aggregation. The injection was followed by a 15 minute 
exposure to a cold white light source. Sham controls were exposed to the light but were not 
injected with Rose Bengal. Stereological analysis of hematoxylin and eosin (H&E) staining was 
performed at 1 and 7 days after cerebellar stroke. Evans blue extravasation was used to 
interrogate blood brain barrier (BBB) integrity and immunohistochemistry was used to assess 
glial responses and formation of glial scar in the infarcted area. Neurobehavioral testing 



including cylinder task, footprint analysis and contextual fear conditioning, were performed 7 
days after cerebellar stroke. 
Results: A cerebellar infarct and histological injury to cerebellar cortex was visible at both 24 
hours and 7 day time-points after stroke onset. Infarct was localized to the intermediate zone of 
cerebellar cortex and a glial scar was present 7 days after stroke. Evans Blue dye was present in 
cerebellar stroke mice compared to controls, suggesting BBB disruption. Stroked animals 
showed changes in paw preference in the cylinder task suggesting a limb impairment. Footprint 
analysis showed reduced stride length and increased displacement between paws, indicating gait 
abnormality. Surprisingly, contextual fear conditioning testing showed impaired memory 
acquisition in cerebellar stroke animals compared to controls. 
Conclusions: We have developed a reproducible model for cerebellar stroke that causes motor 
deficits. These outcomes are consistent with injury in the intermediate and lateral zones of the 
cerebellum. Also, we have been able to observe non-motor deficits that correlate with clinical 
studies of patients who have suffered a cerebellar stroke. This novel model will allow us to test 
neuroprotective and neuro-restorative strategies to improve functional outcome after cerebellar 
stroke. 
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Abstract: In the cerebellum, regional differences in cytoarchitecture could affect local 
connectivity and physiology, with possible consequences for neuronal computation. Analyses of 
Purkinje cells - which are functionally critical as they provide the sole output - have suggested 
that the cerebellar cortex is not uniform in structure as traditionally assumed. However, there 
have been insufficient numbers of reconstructed cells to resolve systematic differences in 
morphology between different cerebellar regions. To address this question, we compared 
Purkinje cell architecture in an anterior and a posterior lobule of the cerebellar cortex. Using 
Neurolucida 360 with confocal stacks from mice expressing green fluorescent protein selectively 



in Purkinje cells, we reconstructed dendritic arbors of Purkinje cells residing in the bank of their 
respective lobules, then analyzed their structure and organization. We observed that in the 
posterior lobule, half of the reconstructed Purkinje cells had two primary dendrites emanating 
from their soma, in both young and adult mice. By contrast, only 9 out of 38 young and 5 out of 
44 adult Purkinje cells showed this characteristic in the anterior lobule. Furthermore, our analysis 
revealed that Purkinje cells in the anterior lobule exhibited slanted dendritic arbors, oriented 
more towards the apex of the lobule than those found in the posterior lobule. This difference only 
appeared in the mature cerebellum, after the dendritic arbors had attained their definitive 
morphologies. These differences in Purkinje cell morphology support a microenvironment which 
could facilitate differential patterns of afferent input, and will need to be considered in future 
studies of cerebellar neural computation. 
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Abstract: Introduction. Cerebellum is known for its role in motor control. It harbors a uniform 
cytoarchitecture composed of neuronal (molecular, granular and Purkinje neurons) and glial 
(astrocytes and Bergmann glia) lineage. We recently reported the presence of a cellular niche 
composed of diverse cell phenotypes located on the roof of the fourth ventricle that spans lobes I 
and X. The niche includes glial fibrillary acidic protein (GFAP+), and nestin+ cells distributed 
along the antero-posterior axis. Niches of GFAP+ and nestin+ cells in the lateral ventricles are 
well known neuronal or glial precursors that have the ability to respond upon hypoxic 



preconditioning (HP). Yet, little cell proliferation has been demonstrated in cerebellum. 
Aims. To evaluate the distribution of GFAP+ cells on the roof of the fourth ventricle, and to 
determine whether they respond to hypoxic preconditioning (HP), a condition that promotes cell 
proliferation. 
Methods. 25 days-old transgenic male mice expressing the enhanced green fluorescent protein 
under the GFAP promoter (GFAP-eGFP) underwent a three-cycle session of oxygen deprivation. 
Brains were collected at days 1 to 7 after HP. Distribution of the glial component was assessed 
by standard histological techniques and confocal microscopy, and western blot analyses 
evaluated changes in the levels of GFAP expression after HP. 
Results. The organization of Bergmann glia cells was altered, somas were displaced and 
processes disorganized. Within the array of GFAP+ cells of the roof of the fourth ventricle the 
expression of eGFP decreased after HP, but rebounded by day 7. This was confirmed by means 
of Western blot using antibodies against GFAP. 
Conclusions. HP induces morphological changes in the Bergmann glial cells. The changes are 
minimal after seven days. HP reduces the expression levels of eGFP, which returns to normal 
levels after seven days. Consistently, expression of GFAP is also reduced by HP and returns to 
normal levels within the same period of time. In general, HP induces changes in the glial cells 
from cerebellum that induces a response to low levels of oxygen due to HP. Whether the GFAP+ 
cells proliferate and differentiate as well as the molecular mechanisms of the cellular response 
under HP conditioning remain to be elucidated. 
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Abstract: Neurons in the inferior olive (IO) give rise to climbing fibers (CFs) that excite 
Purkinje cells and send collaterals (CFCs) to the cerebellar nuclei (CbN). Because in vivo and in 
vitro data suggest that CFC-CbN excitation is weak in adult mice, we examined CFC input to 
large CbN cells over development. We expressed channelrhodopsin in CFs with viral injections 
to the IO of P1 or P21 mice and recorded from large CbN cells in acute cerebellar slices from 
P12-P22 (juvenile, “juv”) and P44-P50 (“adult”) mice. CFCs were activated by 1- or 2-ms blue 
light pulses. CFC stimulation transiently increased CbN cell instantaneous firing rate (juv: from 
46 ± 12 to 241 ± 66 Hz, n=4; adult: from 88 ± 8 to 109 ± 14 Hz, n=5; cell attached mode). In 6/9 
cells (juv: 3/4, adult: 3/5), responses were well-timed, with a 0.8 ± 0.1 spike probability in a 2-
ms window after the pulse. EPSC amplitude at -70 mV was -685 ± 118 pA in juveniles (n=38), 
but only -166 ± 20 pA in adults (n=16), suggesting that synaptic strength decreases with age. 
EPSCs had short but variable latencies (juv: 2.2 ± 0.1 ms, jitter 0.2 ± 0.03 ms; adult: 2.4 ± 0.1 
ms, jitter 0.3 ± 0.06 ms). 5-Hz trains of EPSCs depressed strongly, indicating a high release 
probability (juv: EPSC2/1 0.50 ± 0.03, EPSC5/1 0.36 ± 0.03, n=30; adult: EPSC2/1 0.32 ± 0.07, 
EPSC5/1 0.22 ± 0.04, n=10). Most cells (juv: n=30/33, adult: 13/16) showed composite EPSCs on 
most trials with 2-6 detectable peaks within 1-6 ms. We tested whether peakiness arose from 
burst firing in CFCs, polysynaptic activation, firing in multiple convergent CFCs, or 
asynchronous release from one axon. In loose-cell-attached recordings from IO axons, light 
evoked a variable-latency spike (0.9 ± 0.2 ms, jitter 0.07 ± 0.02 ms, n=26), but only 5/26 of 
axons fired bursts (2-4 spikes). Consistent with monosynaptic connections, NMDAR EPSCs 
were evident in CbN cells at positive voltages even with AMPARs and GABAARs blocked 
(n=4/4). Peakiness remained with reduced activation of feed-forward pathways (low [Ca]out, 
n=5; low DNQX, n=5), making a polysynaptic origin unlikely. In juveniles, raising Ca from 1.5 
to 3 mM affected neither the amplitude, charge, shape, nor depression of EPSCs, suggesting that 
release from CFCs was already maximal (n=7). Conversely, reducing Ca to 0.5 mM decreased 
EPSC amplitude and charge to 43 ± 5 % and modestly reduced depression (EPSC2/1 0.73 ± 0.06, 
EPSC5/1 0.43 ± 0.08, n=5) while leaving EPSC shape, i.e., the temporal structure of release, 
unaffected. Thus, the excitatory strength of CFCs onto large CbN cells decreases with age, but 
throughout development, CFCs evoke peaky EPSCs, likely resulting from innervation by 
multiple fibers and/or release asynchrony in individual afferents. 
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Abstract: Genetic-targeting strategies have proven useful in understanding the role of individual 
neuron types in circuit function and behavior. In the cerebellum, Purkinje cells (PCs) are the sole 
output neuron type and receive inhibition from molecular layer interneurons (MLIs). Using fate 
mapping to distinguish MLIs from PCs has been challenging because both cell types are 
GABAergic. Without the means to target MLIs, the role of molecular layer inhibition in motor 
control and adaptive learning is enigmatic. To address this challenge, we made a knock-in mouse 
to express Cre recombinase (c-kit-IRES-Cre) in cerebellar MLIs under control of the c-kit 
oncogene allele. In mature mice, we achieved high-level transduction of MLIs using adeno-
associated viruses (AAV) with Cre-dependent fluorescent proteins and, notably, had no PC 
labeling. We functionally validated this result by virally expressing either optogenetic or 
chemogenetic actuators in c-kit-cre mice. We observed a high-degree of specificity in 
manipulating MLI activity. In conclusion, the c-kit-IRES-Cre mouse line proved to be a flexible 
and reliable tool to target MLIs and will allow the interrogation of molecular layer inhibition in 
cerebellar circuits using genetically-encoded effectors and reporters of activity. 
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Abstract: BIN neurons (arrows) and Golgi cells (arrow heads) in the flocculus of a GlyT2-
EGFP mouse. 
The cerebellar cortex is known for its simple and well characterized neuronal circuitry, 
consisting of two main excitatory afferent systems, the climbing fibers and mossy fibers that 
converge on a single output neuron, the Purkinje cells. In addition, the cerebello-cortical circuitry 
contains granule cells that transfer mossy fiber input to Purkinje cells, and at least 4 classes of 
inhibitory interneurons and one class of excitatory interneuron. Here we show that the flocculus, 
a part of the vestibulocerebellum, receives a unique additional afferent input: We show that 
neurons of the basal interstitial nucleus (BIN), a hitherto neglected cerebellar nucleus originally 
identified by Langer in macaque cerebellum (J Comp Neurol. 1985, 235:26), provides 
widespread GABAergic/glycinergic afferents to the glomeruli of the floccular granule cell layer. 
We mapped the BIN in macaque, man, rabbit and rodent cerebellum using retrograde tracing 
(rabbit, rat, mouse), by immunostaining for ChAT (macaque and man), Gad65/67 (all species) 
and the muscarinic M2 receptor (all species), and by using a GlyT2-EGFP reporter mouse line. 
In macacque, man and rabbit BIN neurons are mainly distributed in the white matter between the 
lateral cerebellar nucleus and the flocculus, while in rodent they are concentrated in the floccular 
white matter. Retrograde tracing and analysis of neurobiotin-filled BIN neurons showed that 
each BIN neuron has widespread projections throughout the flocculus. In addition, using 
anterograde and retrograde tracing we identified afferents that make multiple VGluT2+ synaptic 
contacts on the soma and proximal dendrites of BIN neurons, and that arise bilaterally from 
neurons in the antero-medial medullary reticular formation. In summary, our data show that the 
BIN represents a unique novel inhibitory afferent system to the flocculus that complements 
inhibition by Golgi cells. We propose that the BIN cells play a unique role in the integration of 
vestibular and visuo-motor mossy fiber input, and may be a specific adaptation to appropriately 
modulate Purkinje cell activity during compensatory eye movements and compensatory eye 
movement adaptation. 
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Abstract: Information is carried from the cerebellar cortical microcircuit via action potentials 
propagated along Purkinje cell axons. In several human neurodegenerative diseases, as well as 
animal models, focal swellings in the axons of Purkinje cells − torpedoes − have been observed, 
often during disease progression when Purkinje cell loss occurs. How axonal torpedoes affect 
cerebellar function is poorly understood: both neurodegenerative and neuroprotective roles have 
been suggested. Interestingly, torpedo-like axonal swellings have also been transiently observed 
in the developing cerebellum. The role of developmental torpedoes in cerebellar information 
processing is even less understood than those in disease. 
To elucidate the role of developmental Purkinje cell axonal torpedoes in the maturing 
cerebellum, we studied postnatal L7-tau-eGFP transgenic mice which label Purkinje cell axons. 
We found a transient increase in the number of torpedoes during the second postnatal week of 
development: peaking at P11 when up to ~40% of Purkinje cells had axonal torpedoes. Since 
Purkinje cell apoptosis occurs during development, we wondered whether torpedoes could be 
precursors of dying Purkinje cells. However, since we found that the majority of Purkinje cell 
death occurs prior to P9, when torpedo numbers were low, we conclude that developmental 
torpedoes are predominantly observed on the axons of Purkinje cells that survive into adulthood. 
Next, we wondered whether torpedoes were associated with axonal reorganisation, since 
developing axons undergo dramatic pruning during postnatal development. However, only a 
fraction of developmental torpedoes were found at branch points (~7% at P11). Furthermore, 
microglia were not enriched around torpedoes, as might be expected if they were associated with 
axonal pruning or cell death, and most torpedoes were myelinated. The accumulation of 
disorganized neurofilaments is a hallmark feature of disease-related axonal torpedoes. We 
observed enriched neurofilament in developmental torpedoes, which suggests that they may be 
structurally similar to torpedoes found on Purkinje cell axons in disease states. 
Our findings show that Purkinje cell axonal torpedoes exist transiently in the developing mouse 
cerebellum, but are unlikely to be associated with cell death or axonal pruning. Furthermore, we 
find that developmental axonal torpedoes share common structural features with disease-related 
torpedoes, which may indicate that they serve a similar function in these different states of the 
cerebellar circuit. 
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Abstract: A central tenet of cerebellar processing has been the existence of a universal circuit 
motif that extends throughout the cerebellar cortex. However, differences in cytoarchitectural 
organization and afferent innervation observed across the deep cerebellar nuclei (DCN) imply 
that not all of the deep nuclei display identical synaptic relationships with the cortex, as has been 
previously thought. One aspect in which the DCN could differ is their recurrent projections to the 
cortex. For example, recent studies have shown that there exists a glycinergic nucleo-cortical 
projection stemming from the dentate nucleus which has not been observed thus far in other 
subdivisions of the DCN. We therefore tested the uniformity of nucleo-cortical projections by 
injecting an anterograde tracer, BDA, into a cytoarchitecturally and connectionally unique 
subnucleus of the DCN, the parvocellular interpositus nucleus (pcIP), and analyzing the terminal 
morphology and neurotransmitter content of nucleo-cortical projections in adult male rats. We 
demonstrate here the existence of a novel nucleo-cortical projection that originates from the pcIP 
and targets the paraflocculus. This projection arborizes immediately subjacent to the Purkinje 
cell (PC) layer, parallel to the orientation of PC dendrites, and does not match any previous 
descriptions of nucleo-cortical fibers. Though the majority of synaptic swellings were in the 
immediate vicinity of the PC layer, occasional swellings were also found within the deeper 
granular layer and the molecular layer. Immunocytochemical and ultrastructural analyses 
revealed that these fibers are excitatory, similar to recurrent nucleo-cortical projections from 
principal projection neurons in other subdivisions of the DCN. This projection was not seen 
when BDA injections were made outside of the pcIP, indicating that this projection is unique to 
the pcIP/paraflocculus. This unique connection suggests that the entirety of the cerebellar cortex 
may not function identically and that regions of the cortex and DCN are anatomically specialized 
to support different cerebellar functions. 
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Abstract: Purkinje cells (PCs) provide the sole output from the cerebellar cortex. Although PCs 
are well characterized on many levels, surprisingly little is known about their axon collaterals 
and their target neurons within the cerebellar cortex. It has been proposed that PC collaterals play 
an important role in early development, where they transiently control circuit assembly. 
However, after development functional PC to PC connections are thought to be pruned. Here, we 
find that all PCs have collaterals well into adulthood in mice. PC collaterals are restricted to the 
parasagittal plane, and most synapses are located in close proximity to PCs, although some are 
present also in the molecular layer. Using optogenetics and electrophysiology we find that in 
juveniles and adults PCs make synapses onto other PCs, as well as onto some other types of 
interneurons. These findings establish that PC output can feed back and regulate numerous 
circuit elements within the cerebellar cortex. Notably, collaterals are well suited to contribute to 
processing in parasagittal zones by suppressing firing of diverse neuron types within the 
cerebellar cortex. 
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Abstract: Genetically encodable Designer Receptors Exclusively Activated by Designer Drugs 
(DREADDs) allow reversible inactivation of identified cell types in freely-moving animals on a 
time scale of hours. To understand the role of specific cerebellar regions in guiding behavior 
during development and adulthood, we have developed detailed quantitative approaches for 
analyzing the extent of DREADD inactivation and the consequent pattern of behavioral 
perturbation. 
In both juvenile and adult mice, we performed cerebellar lobule-specific injections of AAV8-
hSyn-hM4D(Gi)-mCherry to co-express an inhibitory DREADD (hM4D) and a fluorescent 
reporter (mCherry). After administration of DREADD agonist clozapine-N-oxide (CNO), mice 
were tested sequentially in five behavioral paradigms commonly used to model autism in mice: 
an elevated-plus maze, reversal in a swimming Y-maze, self-grooming, three-chamber social 
preference, and a virtual reality-based working memory task. In each case, direct monitoring and 
video recording were used to acquire subsecond-resolution measurements of animal trajectory 
for offline analysis. To define different dimensions of autism-like phenotypes, we used principal 
components analysis to identify patterns of animal-to-animal covariation encompassing multiple 
behavioral measurements. In this way we created a basis set of “eigenbehaviors” constructed 
from performance in unperturbed mice, which we used to quantify lobule-specific inactivation. 



These behaviors constitute a multidimensional autism-like phenotype. 
We next sought to associate behavioral phenotypes with spatial patterns of DREADD 
expression. We used serial two photon (STP) reconstruction to render anatomical volumes 
complete with precisely mapped regions of expression. Our developed image processing pipeline 
builds aligned volumes from these STP stacks and registers the volumes to a standard mouse 
brain coordinate system (Allen CCFv2). Comparison of anatomical representations to behavioral 
phenotypes will test the hypothesis that lobule-specific perturbation of cerebellar regions leads to 
multi-dimensional effects on behavior. Our experimental and analytical framework enables 
quantitative linkage of neuroanatomy to behavior. 
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Abstract: Cerebellar lobules VI/VII and crus I/II form reciprocal loops with neocortical regions 
associated with executive functions (Wang et al, 2014). To test the functional significance of 
those connections we used DREADDs to disrupt neural activity of these cerebellar regions 
during adulthood or postnatal development, and measured the consequences in two major 
domains: (1) social choice and behavioral inhibition; and (2) cognitive flexibility. 
We made lobule-specific injections of AAV8-hSyn-hM4D(Gi)-mCherry to achieve expression in 
molecular layer interneurons (MLIs), a major source of inhibition to Purkinje cells, which 
themselves send inhibitory projections to thalamus and neocortex in an organized map. For 
developmental inactivation, mice were injected with the virus at postnatal day 21 (P21), and 
received DREADD agonist clozapine-N-oxide (CNO) from P30 through P56. For acute 
inactivation, mice were injected at P42, followed by testing at P56 with CNO administered 
through i.p. on the day of testing. The inhibitory action of CNO on DREADD-expressing MLIs 
was confirmed in acute cerebellar brain slices, as well as through indirect effects on Purkinje cell 
firing in vivo in awake mice. To analyze behavioral data, we used principal component analysis 
(see abstract by Pereira, Metzger et al.). 
In lobule VI, CNO administration in adult mice led to increased perseveration. The mice also 
showed reduced performance and bias in a virtual reality-based working memory task. Tasks 
were not affected by juvenile administration of CNO. These results suggest that lobule VI is an 
active part of brainwide circuitry for cognitive flexibility. 
Developmental effects were seen from perturbations of crus I, crus II, and lobule VII. After 
unilateral AAV injections of crus I, CNO administration during development led to reduced 
social interaction in a three-chamber test and impaired reversal learning in a Y-maze, consistent 
with a role for crus I in social and cognitive maturation. Unilateral crus II perturbation led to 
reductions in movement in the elevated-plus maze and three-chamber task, as well as reduced 
social preference in the three-chamber test. None of these effects were seen with adult CNO 
treatment. In lobule VII, juvenile treatment with CNO decreased exploratory activity in the 
elevated-plus maze and increased social behavior in the three-chamber test. Opposite effects 
were seen in acute adult treatment with CNO, suggesting that lobule VII contributes to 
maturation and acute function of exploratory behavior. 
These experiments provide direct evidence for the developmental diaschisis hypothesis of 
cerebellar contributions to autism-like phenotypes. 
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Title: Whole-brain mapping of cerebellar output pathways using transsynaptic viruses and light-
sheet microscopy 
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Abstract: The cerebellum and neocortex exchange information in a region-specific manner via 
closed, bidirectional loops. In the ascending direction, cerebellar projections pass from Purkinje 
cells of the cerebellar cortex to the deep cerebellar nuclei (DCN) to thalamic and other midbrain 
areas before finally reaching the neocortex. To date, these pathways have been mapped largely 
using classical tracers that do not reveal polysynaptic connectivity. We are using a combination 
transsynaptic tracing viruses, iDISCO tissue clearing (Renier et al. 2014, Cell 159:896), and 
light-sheet fluorescence microscopy (LaVision Biotec., Bielefeld, Germany) to reconstruct and 
quantify cerebello-thalamo-neocortical projection patterns on a whole-brain scale without need 
for tissue sectioning. 
We injected the anterogradely-transported herpes simplex virus 1 H129 CMV-EGFP (HSV1-
H129, 2.7x104 to 8.0x104 PFUs, Wojaczynski et al. 2015 Brain Struct. Func. 220:3) into 
cerebellar lobule VI. Coinjection with Cholera Toxin B revealed that injection sites were 300 - 
1200 micrometers wide. We detected viral antigen immunohistochemically (DAKO B0114) in 
the DCN at 37 hours post-injection, in the thalamus at 41 and 49 hours, and in the neocortex after 
54 hours, consistent with the expected cerebello-thalamo-neocortical path. Corresponding with 
specific injection sites, we found expression in thalamic areas with nonmotor associations 
(lateral dorsal, medial dorsal, and parafascicular nuclei) and ventral tegmental area, nucleus 
accumbens, amygdala, and hypothalamus. 
We also investigated the origins of pathways to specific neocortical targets by injecting a 
retrogradely-moving pseudorabies virus (PRV) strain of herpesvirus (PRV-Bartha CMV-EGFP, 
2.4x104 PFUs, Smith et al. 2000 PNAS 97:16) into specific neocortical regions. After 53 hours 



we detected PRV antigen via immunofluorescence (Rb 134, Card et al. 1990, J. Neurosci. 
10:1974) in Purkinje cells of multiple lobules, demonstrating the existence of spatially diverse 
cerebellar locations that converge upon a specific neocortical target. We are now using PRV to 
trace cerebellar pathways leading to mediodorsal nucleus of the thalamus, anterior cingulate 
cortex, and other forebrain regions thought to contribute to executive function. 
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Abstract: Major sources of within-brain communication originate in the cerebellum, the most 
frequently observed site of structural abnormality in human autism-spectrum disorder. The 
cerebellum projects via thalamus in an organized manner to a wide variety of neocortical targets, 
including regions that contribute to cognitive and affective processing. In rodent frontal cortex, 
ascending axons from the thalamus synapse onto basal but not apical dendrites of pyramidal cells 
in layer 2/3 (Shigematsu et al., Cerebral Cortex 2015:1-16). To test whether cerebellar activity 
shapes neocortical dendritic arborization and spine formation through cellular plasticity 
mechanisms, we examined spine density in basal and apical dendrites in layer 2/3 pyramidal 
neurons of prelimbic (corresponding to medial prefrontal cortex) cortex in heterozygous L7-
tuberous sclerosis 1 (L7-Tsc1) mice, which have alterations in Purkinje cell firing activity, 
abnormal social interactions, and repetitive behaviors (Tsai et al. 2012, Nature 488:647). We 
assessed neocortical dendritic and spine morphology using small-molecule lipophilic (Dil) 
labeling. Adult male L7-Tsc1 heterozygous mice had an increased density of total spines on 
basal dendrites compared to wild-type (WT) mice (20 neurons in 4 L7-Tsc1 mice, 25 neurons in 



5 WT mice). However, the density of spines on apical dendrites was not different between 
heterozygotes and wild-type (20 neurons in 4 L7-Tsc1 mice, 25 neurons in 5 WT mice). These 
results are consistent with the hypothesis that cerebellar activity is necessary for normal pruning 
of spines at distal neocortical sites, potentially accounting for the ability of early-life cerebellar 
injury to cause autism-like pathologies. To test whether local perturbation can also influence 
dendritic structure in specific neocortical targets, we are now using adeno-associated viral 
vectors to express Designer Receptors Exclusively Activated by Designer Drugs (DREADDs) to 
alter cerebellar activity in specific cerebellar lobules. These experiments will test the hypothesis 
that input from specific lobules of the cerebellum during sensitive periods of development can 
influence the growth and maturation of specific distal forebrain circuitry.  
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Abstract: The flow of information through the cerebellar cortex is primarily feed-forward: 
mossy fiber inputs activate granule cells, which in turn drive Purkinje cells, the sole output 
neurons of the cerebellar cortex. Inhibition onto granule cells is thought to play a key role in 
gating the flow of signals into the cerebellum, and it is thought that Golgi cells are the only 
interneurons that inhibit granule cells. Here we show that Purkinje cells synapse onto granule 
cells via axon collaterals, thus providing a route for direct output to input layer feedback in the 
cerebellar cortex. We propose that this non-canonical feedback could regulate excitability of the 
input layer, maintain sparse coding and mediate temporal integration. 
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Abstract: Although the organization of cerebellar cortical circuits is relatively well known in 
comparison to other brain areas, some potentially important synaptic connections remain 
unexplored. Here we have examined the function of a novel inhibitory synaptic circuit between 
Purkinje cells (PC) and molecular layer interneurons (MLIs). High-speed optogenetic circuit 
mapping (PNAS 104: 8143), using brain slices from transgenic mice selectively expressing 
channelrhodopsin-2 in PCs (Front. Neural Circuits 7:160), revealed the presence of a subset of 
MLIs (~16%) located in the inner third of the molecular layer that receive strong, fast and 
monosynaptic inhibitory inputs from PCs. These MLIs receiving PC feedback had several 
electrical characteristics – including larger hyperpolarization-activated current (Ih), larger 
membrane capacitance, and more hyperpolarized resting membrane potential – different from 
those of MLIs not receiving PC input. MLIs receiving PC input also had high input resistance, 
suggesting the absence of electrical coupling with neighboring MLIs. Consistent with this 
interpretation, the gap junction blocker mefloquine (Cell Rep. 7: 1601) selectively increased the 
input resistance of basket cells but not MLIs with PC input. Further, dye coupling measured with 
neurobiotin was present in basket cells but absent in MLIs receiving PC feedback. Thus, we 
conclude that MLIs with PC input do not participate in the gap junction network of MLIs. 
Further, the morphology of MLIs with PC input is clearly different from other MLIs: although 
they were located in the inner third of the molecular layer, they formed neither baskets around 
PCs nor had horizontal processes characteristic of basket cells. These results indicate that MLIs 
that receive PC feedback inhibition represent a novel type of MLI. The unique circuit formed 
between PCs and these MLIs may play an important role in cerebellar information processing by 
synchronizing neighboring PCs via disinhibition. 
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Abstract: The cerebellum is thought to coordinate movement by processing sensorimotor 
information in the cerebellar cortex before relaying its output to other brain structures. Since all 
information processed by the cerebellar cortex converges on Purkinje cells (PCs), the ability to 
record spiking from identified populations of these cells presents new possibilities for 
understanding cerebellar processing. Here we show that somatic calcium imaging can be used in 
slices and in vivo to easily distinguish calcium fluctuations generated by complex spikes from 
those generated by trains of simple-spikes (SS). Moreover, the estimated calcium influx from a 
single SS is shown to be remarkably consistent between PCs (ΔF/F0 of 0.1 +/- 0.03%, n = 6) and 
therefore permits monitoring the relative changes in SS firing frequency. We report that 
transitions into and out of pauses in SS activity (lasting longer than three median inter-spike 
intervals) are correlated between PCs in the sagittal plane. The source of this organization is 
shown to be presynaptic GABAergic network and blocking GABAARs with gabazine abolishes 
the synchrony (permutation tests, p < 0.05 in control; p > 0.05 in treatment; n = 7 pairs). Also, 
paired cell-attached recordings of adjacent PCs in sagittal slices (n = 72 pairs) showed that this 
synchrony decays abruptly after a distance of ~200 um between PCs, consistent with the mean 
length of GABAergic interneuron axons in the cerebellar molecular layer (de San Martin et al. 
2015). Thus, this method reveals that simple-spike pauses are organized in groups of neighboring 
PCs by presynaptic interneurons to maximize the effect of PC inhibitory synapses on their 
common downstream targets. 
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Abstract: Networks of inhibitory neurons coupled through chemical and/or electrical synapses 
are abundant in the brain and have been shown to exhibit synchronous, oscillatory activity. Such 
oscillations have been proposed to provide a reference signal for temporal encoding, sensory 
binding of features, and storage and recall of information. Molecular layer interneurons (MLIs) 
of the cerebellum are interconnected by GABAergic chemical synapses and by electrical 
synapses. These connections have been shown to promote synchrony and shape the temporal 
precision of action potentials. However, the activity patterns and the role of the MLI network in 
the intact animal remain unknown. While fluorescent calcium sensors such as GCamMP6f 
provide a means to track the activity of neuronal populations in vivo, the interpretation of such 
signals from tonically firing inhibitory neurons with potent calcium-binding proteins, such as 
parvalbumin remains challenging. 
In order to shed light on the activity patterns occurring in and the functional role of the 
interneuron network in vivo, we perform calcium imaging experiments from ensembles of MLIs 
in lobule V of the cerebellar vermis of ketamine/xylazine-anethetized mice (P30-50). The PV-
Cre driver line was crossed with the Ai93 GCaMp6F-TIGRE promoter line which led to 
ubiquitous GCaMP6f expression in MLIs accompanied by sparse expression in granule and 
Purkinje cells. To study the link between the calcium signal and spiking activity in cerebellar 
MLIs we conducted simultaneous cell-attached recordings from single interneurons using patch-
clamp pipettes. Sensorimotor-driven synaptic inputs to MLIs were simulated using parallel fiber 
stimulation with theta-glass pipettes inserted in the molecular layer. 
We characterize the information carried by the calcium signal about the underlying spiking 
activity for the tonically firing MLIs in the anesthetized animal. Analysis of spontaneous activity 
epochs and activity evoked by parallel fiber stimulation allows us to extract the minimum change 
in firing that can be faithfully detected by GCaMP6f. Our measurements allow us to discern the 
calcium signal component generated by MLI spikes from the part of the signal due to synaptic 



inputs. We furthermore characterize the magnitude and spatial extend of correlated activity 
changes across neighboring MLIs conveyed by the fluorescent signal. Our results provide a key 
step to measure and interpret activity patterns and synchronization regimes of the MLI network. 
Deciphering MLI activity is required to advance our understanding of this interconnected 
microcircuit and its involvement in generating coordinated movement in mammals. 
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Abstract: The cerebellar Purkinje cell is inimitable and complex neuron acts as a computation 
center in the brain. It receives convergent projections from all other cortical neurons and 
providing the sole output signal to deep cerebellar nuclei (DCN). DCN acts as relay center to 
receive all the information from Purkinje cells (PCs) and convey to premotor nuclei. These DCN 
neurons integrate synaptic inputs with their own spontaneous activity to generate motor signals 
for locomotion and fine-tuning of movement. The impairment of Purkinje cells may modify 
excitatory synaptic transmission electrophysiology i.e. spontaneous simple and complex spike 
firing rate, duration of spike, and the duration of the simple spike pause after the complex spike. 
Intrinsic dynamics of neurons is a critical step in the process of network behavior, synaptic 
integration, and information processing in the brain. Previous studies have reported that partial 
loss of PC was associated with ataxia-like phenotype in mice due to reduced Purkinje neuron 
activity and increased DCN intrinsic excitability. Hence, electrophysiological study of DCN will 
give insight into dissecting the motor neurocircuitry pathway of output signal from the central 



nervous system to the peripheral nervous system. We therefore hypothesized that ablation of a 
transcription factor in PC cells affects the DCN neurons spike firing and modulating the motor 
output signal. In the present study, conditional mutant mice with ablation of a transcription factor 
in cerebellar PCs exhibited lack of motor coordination assessed by rotarod. Neurocircuitry 
pathway of motor output was further confirmed by recordings the DCN neurons activity in 
mutant mice. The results of present study showed that mutant mice exhibited significant decrease 
in retention time on rotarod as compared with control (p<0.05). Recording of DCN neurons 
exhibited significant changes in simple and complex spike frequency, since a subset of neurons 
displayed bursts of action potentials in the mutant mice which required further confirmation. 
These ongoing studies suggest that ablation of transcription factor alter motor signal by 
modulating the DCN intrinsic excitability. Further studies will focus on elucidating the 
cerebellum neurocircuitry in mutant mice. 
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Abstract: Molecular layer interneurons (INs) and Purkinje cells (PCs) in the cerebellar cortex 
receive common excitatory granule cell input, resulting in feed-forward inhibition (FFI) of PCs 
by INs. Climbing fibers (CFs) are thought to instruct cerebellar learning at the parallel fiber 
synapse onto PCs, but also influence INs: in vitro experiments have shown that CF input excites 
INs via glutamate spillover, but can also cause IN inhibition, by recruiting GABAergic 
interactions among INs. However, the spatiotemporal patterns of activity emerging from CF, IN 
and PC interactions remain poorly understood. Using simultaneous patch-clamp recordings from 



INs and PCs guided by two-photon microscopy in anesthetised mice, we studied higher-order 
functional connectivity of CFs, INs, and PCs using cross-correlation analysis of PC complex 
spikes, simple spikes, and IN spikes. 
We find that single spontaneous IN spikes can correlate with PC spike rate decreases (PC rate z-
score of <-3 0-10 ms after IN spike, n = 24 of 56 pairs), and that induced spikes in a single IN 
can cause PC inhibition to a similar degree. IN-PC functional connectivity depends on vertical 
distance: INs with inhibitory effects on PCs are closer to the PC layer than INs without an effect 
(mean distance from PC layer: 106 ± 43 versus 135 ± 30 µm, p = 0.006). In a subset of 
functionally connected IN-PC pairs (n = 6), PC inhibition after the IN spike is preceded by a 
narrow increase in spike rate (PC rate z-score of >3 -10-0ms from IN spike), indicative of the IN 
and PC receiving common granule cell input and the IN delivering FFI to the PC. 
CF input assessed by measuring complex spikes (CSs) in PCs results in a variety of IN rate 
changes, with INs either exhibiting rate increases (IN rate z-score of >3 0-20ms after CS, n = 
13), delayed decreases (z-score of <-3 10-30ms after CS, n = 8), or increases followed by 
decreases (n = 3). IN responses to CF input also depend on vertical distance: Excited INs are 
closer to the pia, whereas inhibited INs are closer to the PC layer (mean IN distance to PC layer: 
126 ± 39 versus 78 ± 33 µm, p = 0.03). This organisation is in line with a preference for INs 
higher up to inhibit INs lower in the molecular layer, which we have assessed directly by dual 
recordings from IN-IN pairs. 
Finally, we analyse the overlap of functional CF-IN and IN-PC connectivity, and find that there 
is no preference for connected IN-PC pairs to receive common excitatory CF input, but rather for 
INs inhibiting a PC to be inhibited upon CF input. This motif is especially prevalent in IN-PC 
pairs with common granule cell input, which may help to maintain FFI during plasticity, 
controlling the ratio of weights of granule cell inputs to INs and PCs. 
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Abstract: The investigation of the internal algorithm of the cerebellar microcircuit is proving 
extremely challenging from an experimental perspective largely due to the difficulty of recording 
from multiple individual neurons simultaneously. Detailed computational modelling can provide 
insight into the structure of network computation. The NEURON-Python platform has been used 
to develop a large scale realistic model of cerebellar granular layer (GL), including connectivity 
and representations of its main neuronal types, Granule cells (GrCs) and Golgi cells (GoCs), and 
of their synapses (D’Angelo et al., 2001; Nieus et al., 2006, 2014; Diwakar et al., 2009, 2011; 
Solinas et al., 2007a,b, 2010). The model has been validated against observations at the 
mesoscopic scale (including VSD/MEA recordings and two-photon Ca2+ imaging in vitro and 
LFP recordings in vivo). The main goal of the present work is to demonstrate that spatiotemporal 
dynamics taking place in the GL at a mesoscopic scale can be understood as emergent 
phenomena, caused by the complex interaction occuring among microscopic variables including 
the topology of intercellular connectivity and the neurophysiological properties of neurons and 
synapses. Our results show that (1) the center-sorround profile describing the ratio between 
excitation and inhibition observed in cerebellar slices depends on the spatial arrangement of GrC 
- GoC connectivity; (2) the interaction between different spots of activation generates antithetical 
response patterns, combined excitation and inhibition (logical operators AND and XOR); (3) 
transverse and parasagittal connectivity can be differentially modulated by the GrC-GoC 
ascending axon (AA) and parallel fibers (PF), by GoC-GoC gap-junctions, and by GoC-GoC 
inhibitory interneurons. Interestingly, the AA confines feedback inhibition to local GL clusters, 
while PFs have weak effect on GoC activity. Conversely, relevant local effects are generated by 
GoC-GoC connections. (4) The GL as a whole can generate coherent oscillations in response to 
random background when two conditions are met: the MF input conveyed to GoCs is weak and 
GoCs do not inhibit each other; (5) different frequency patterns of random MF background can 
tune the response properties of the GL toward a wide range of inputs, making the cerebellar 
input-stage adaptive to various forms of incoming informations. In conclusion, our results show 
that reconstructing the biophysical and structural network features can predict the emergence of 
the spatiotemporal properties that let the GL to be defined as a reconfigurable dynamical system. 
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Abstract: The dorsolateral or sensorimotor striatum (DLS) is a prominent target of research on 
control of voluntary movement, sensorimotor integration. The DLS is comprised mainly (95%) 
of type IIb, medium spiny projection neurons. These neurons receive direct monosynaptic 
projections from primary somatosensory (S1) and motor (M1) cortices in a similar manner across 
species. Clusters of medium spiny neurons (MSNs) show firing rate (FR) increases related to 
sensorimotor activity of individual body parts in monkeys and rats. To this date, this work has 
yet to have been extended to mice. These striatal MSNs are thought to output through the “direct 
and indirect pathways”. According to this model, “direct pathway” MSNs project gabba to the 
substantia nigra pars reticulata (SNr) and the globus pallidus internal segment (GPi). The 
inhibition of GPi and SNr leads to disinhibition of the thalamic glutamatergic neurons, which 
project to the cortex and is thought to facilitate movement. Conversely the “indirect pathway” 
MSNs inhibits the GABAergic neurons of the GPe, leading to a disinhibition of the 
glutamatergic neurons of the STN. This is hypothesized to result in the reduction of locomotor 
activity and movement. In addition to their distinct projections, MSNs of the direct and indirect 
pathway are characterized by the differential expression of dopamine (DA) receptors. D1 
dopamine receptors (Drd1) are hypothesized to be expressed by direct pathway MSNs, whereas 
D2 dopamine receptors (Drd2) are expressed by indirect pathway MSNs. No one has yet 
attempted to reconcile the very well classified single body part (SBP) neurons with the primary 
functional tenet of the direct/indirect pathway hypothesis: that Drd1 neurons are active during 
movement, while Drd2 neurons are active during non-movement. Based on the theory alone, one 
might predict that single body part neurons are all Drd1 expressing MSNs witch reside in the 
direct pathway. However, the recent evidence showing Drd2 MSN activation during movement 
suggests that it is possible that both Drd1 and Drd2 MSNs could be single body part neurons. 
The present study first seeks to confirm that dorsolateral striatum in the mouse brain has an 
analogous sensorimotor function to that of primates and rats. We then seek to confirm that Drd1 
MSNs primarily project to GPi, while Drd2 MSNs primarily project to GPe, and we also seek to 
determine for the first time if body part sensitivity of striatal MSNs can be discriminated 
unambiguously in the mouse. Finally, we seek to determine for the first time if these single body 
part neurons express Drd1 or Drd2 and reside in the direct and/or indirect pathways. 
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Abstract: The dorsal striatum and its excitatory inputs are involved in decision-making, 
especially action selection, initiation and learning. These abilities are compromised in human 
patients with neurological disorders, such as Parkinson’s and Huntington’s disease, affecting the 
striatum and its afferents. Spiny projection neurons (SPNs), the principal GABAergic projection 
neurons of the striatum, receive dense glutamatergic inputs from various cortical regions as well 
as thalamic nuclei. There are two intermixed subpopulations of SPNs: dopamine receptor 1 - 
containing (D1-SPNs, direct pathway) and dopamine receptor 2 - containing (D2-SPNs, indirect 
pathway). While the two major neural pathways constitute the core components of the classic 
model of the basal ganglia, very little is known about the connectivity and specificity of their 
excitatory inputs and role in behavior. In order to address these fundamental questions, we have 
used AAV-Cre-dependent helper viruses along with an EnvA-pseudotyped, glycoprotein (RG) -
deleted recombinant rabies virus (SAD delta G-Rabies) expressing channelrhodopsin-2 (ChR2) 
to selectively activate monosynaptic inputs to D1- or D2-SPNs. The input pathway specific 
functional expression of ChR2 allowed for the determination of shared, overlapping excitatory 
populations to direct or indirect neurons in whole-cell brain slice electrophysiological recordings. 
Optic fiber based optogenetic stimulation in the freely moving mouse was utilized to examine the 
contribution of different cortical and thalamic regions to locomotor behavior, intracranial self-
stimulation and operant sequence execution. These results provide new insight to how excitatory 
inputs connect to D1- and D2-SPNs, and determine the contribution of region- and pathway-
specific corticostriatal subcircuits to behavior. 
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Abstract: Nigrostriatal dopamine is critically involved in voluntary movement, motivation, and 
reinforcement learning, but its precise role in instrumental action remains poorly understood. In 
the current work, we examined how self-initiated goal-directed action influences nigrostriatal 
dopamine transmission in the absence of any overt changes in an animal’s external environment. 
Mice expressing channelrhodopsin in their dopamine neurons learned to press a lever on a 
continuous reinforcement schedule to deliver blue-light stimulation into their substantia nigra 
pars compacta. Performance of this free-operant optogenetic intracranial self-stimulation (opto-
ICSS) was sensitive to changes in the action-outcome contingency, indicating that animals’ 
behavior was goal-directed. Using fast-scan cyclic voltammetry, we monitored changes in dorsal 
striatal dopamine concentration during both opto-ICSS performance and subsequent playback of 
stimulations delivered in the same temporal sequence but not contingent upon any action. 
Stimulation-evoked dopamine release during opto-ICSS performance was markedly lower than 
that during non-contingent playback, indicating that self-initiated action causes a robust 
suppression of striatal dopamine release, even when driven by direct optogenetic stimulation of 
dopamine neurons. Omission probe trials revealed transient dips below baseline dopamine levels 
after non-reinforced lever presses, consistent with the idea of a feedforward inhibition triggered 
by the goal-directed action, likely through an efference copy. Probe trials with delayed 
stimulation or varied magnitude revealed that the action-induced suppression is precisely timed 
and well balanced to counteract the expected consequence of that action. Collectively, these 
findings demonstrate that nigrostriatal dopamine could signal prediction errors in action-outcome 
associations, and have fundamental implications in instrumental behavior and movement control. 
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Abstract: Dopamine D1 receptor-expressing medium spiny neurons (D1-MSNs) in the dorsal 
striatum project to and inhibit the Substantia Nigra reticulata (SNr), forming the direct pathway 
of the Basal Ganglia (BG). Activation of this projection is sufficient to increase movement and 
drive locomotion. Interestingly, direct pathway activation can also drive real-time place 
preference, and mice readily learn to self-stimulate D1-MSNs, demonstrating their role in 
reinforcement. However, little is known about the locus or underlying mechanisms of 
reinforcement, which could include plasticity in the striatum or downstream targets. Here we 
designed a five-day training paradigm where mice could self-stimulate D1-MSNs. To determine 
if reinforcement occurred in striatum or downstream, we tested whether mimicking direct 
pathway stimulation effects on SNr could also drive reinforcement. Because inhibition of the 
SNr leads to disinhibition of target regions, including Substantia Nigra compacta (SNc), dorsal 
raphe, thalamus, and brainstem, we asked whether direct activation of SNr-recipient nuclei 
would be sufficient to drive reinforcement. Our results have delineated several potential targets 
of the direct pathway that are sufficient to drive reinforcement. We are now in the process of 
determining which of these circuits are necessary for direct pathway-mediated reinforcement, 
and finally testing the role of these circuits in learning to natural reinforcers. 
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cue-driven and response-driven tasks 
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Abstract: Within the basal ganglia, the dorsolateral striatum (DLS) is known to play an 
important role in action selection and behavioral automatization. For example, in maze tasks, the 
DLS is involved in shaping “response” strategies in which choices are dictated by learned action 
routes. Response strategies can be achieved in principle by action selection at the outset of 
performance. Consistent with this notion, recording studies have identified a phasic burst of DLS 
activity at the onset of action sequences, which correlates with how fluid and fast the action 
sequence will be. To study the causality of this signal, rats were trained to execute a response 
strategy (run, turn, stop) for a sucrose reward on a plus-maze task. Optogenetic stimulations 
(channelrhodopsin) or inhibitions (halorhopsin) were applied at the start of runs and compared to 
manipulations during the middle of the run or during the full run. DLS stimulation at the start 
and for the full duration led to increased run speed and reduced deliberative head movements at 
the choice point. DLS inhibitions produced the opposite effects. This suggested that DLS activity 
at the start of a behavior carries influence over how automatic the behavior is. It remained 
unclear if this DLS activity promoted the selection of a learned action sequence, as though it 
were “chosen” from the start, or if it promoted the most optimal action routine on the task, in this 
case to execute a certain run-turn routine. To address this, we have begun to similarly evaluate 
the DLS on a task requiring animals to navigate towards visual cues that could only be identified 
at the choice point in the maze, after the run had been initiated. Preliminary, we find that DLS 
stimulation at the start of such runs increases the efficiency of runs on this task as well. In 
addition, DLS stimulation in the middle of the run, when the navigation choice must be made, 
also increased performance efficiency. The same was not true in the “response” task, in which 
optimal actions could be selected from the start of the run; mid-run stimulation in that condition 
had no effect on behavioral measures. Across both tasks, run accuracy was not altered. These 
findings highlight a preferential role for on-line DLS activity in shaping how optimal and/or fluid 



a reinforced behavior is, whether that behavior involves active cognitive processing (i.e., locating 
and navigating towards a cue) or whether it might not (i.e., executing a response routine). 

Disclosures:  F. Štocek: None. A.C.G. Crego: None. A.G. Marchuk: None. K.S. Smith: 
None. 

Poster 

720. Physiology of Basal Ganglia Systems 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 720.06/SS4 

Topic: E.03. Basal Ganglia 

Support: NSF IOS1557987 

 Whitehall Foundation 2014-05-77 

Title: Exploring a causal role for the dorsolateral striatum in action-reward contingency shifts 

Authors: *A. C. CREGO, K. S. SMITH;  
Dartmouth Col., Hanover, NH 

Abstract: In the basal ganglia, phasic bursts of activity at the onset of action sequences arise as 
those sequences are learned and become automatic. This pattern is particularly prevalent in the 
dorsolateral striatum (DLS) and is linked to the fluidity with which actions are performed. The 
relationship between increased DLS activity and fluid action performance can occur early in 
learning, suggesting a role for the DLS in the formation and maintenance of automatic actions. 
DLS loss-of-function studies show that it is necessary for the expression of automatic action 
sequences and habits once they have been acquired. However, it is unknown if on-line DLS 
activity is sufficient to strengthen action sequences; nor is it known, when new action patterns 
must be learned in place of old ones, whether engagement of DLS activity strengthens the 
previously learned (cached) behavior or instead promotes the formation of the newer, more 
optimal behavior? To address this issue, we leveraged the spatiotemporal precision of 
optogenetics to manipulate DLS activity at precise time points during an operant task, in which 
rats were exposed to a series of contingency shifts. Rats first learned an FR1 contingency, which 
was then suddenly shifted to an FR3 (upshift). After training on the FR3 schedule, rats were then 
suddenly returned to an FR1 (downshift). DLS was optogenetically stimulated using 
channelrhodopsin at the first lever press for both the (1) surprise upshift and (2) surprise 
downshift. Compared to controls, during the upshift, DLS stimulation resulted in fewer 1-press 
bouts versus 3-press bouts. Similarly, DLS stimulation during the downshift led to an increase in 



1-press bouts, with fewer 3-press bouts. Though preliminary, this finding suggests that DLS 
stimulation at the start of an action tends to result in behavior that favors the more optimal action 
strategy for reward, in this case either a 1-press or a 3-press bout, rather than simply 
strengthening the most recently learned lever-press pattern or promoting perseverative pressing 
in general. In other words, DLS stimulation appeared to aid on-line behavioral flexibility and 
performance optimization. Finally, persistence in lever pressing was evaluated through a shift to 
a VI30 contingency protocol, in which reward was delivered independent of pressing. DLS 
stimulation resulted in animals showing less pressing than controls. This finding again suggests 
that DLS stimulation aided animals’ sensitivity to the new contingency, resulting in a more 
optimal response strategy. Additional performance measures are being assessed. 
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acquisition in rats 
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Abstract: Striatal dopamine loss is the most prominent neurochemical finding in Parkinson 
Disease (PD), and dopamine replacement dramatically improves motor function in PD patients. 
Standard models of the basal ganglia, as well as the short duration response to levodopa, suggest 
that striatal dopamine acutely influences motor function. It is also clear, however, that striatal 
dopamine influences implicit learning processes. How these dual functions of dopamine are 
related to clinical parkinsonism is unclear, and difficult to tease out with interventions that 



operate on timescales of hours (e.g., pharmacology) to days or years (e.g., lesions). Precisely 
timed optogenetic inhibition of midbrain dopaminergic neurons during acquisition and 
performance of a fine motor skill allows us to separate potential “learning” and “performance” 
roles of striatal dopamine. We employed a rat skilled reaching task with real-time computer 
vision to detect reach onset and initiate optogenetic suppression of dopamine neurons. Our 
preliminary results suggest that dopamine neuron suppression at reach onset does not influence 
reach trajectory, but reduces the likelihood that rats will perform future reaches. Our ongoing 
studies aim to distinguish motor from motivational effects of dopamine neuron suppression, 
define functional subpopulations of midbrain dopamine neurons with respect to skilled reaching, 
and examine how the timing of dopaminergic neuron activity influences motor skills. 
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Title: Distributed by asymmetric encoding of time in cortical and striatal networks 
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Abstract: Telling time is fundamental to many forms of learning and behavior, including the 
anticipation of rewarding events. While the neural mechanisms underlying timing remain 
unknown, theoretical work has led to the hypothesis that the representation of time is an 
emergent property of the dynamic activity of neural networks. Computational models have 
largely focused on the representation of time in simulated networks that mimic cortical 
microcircuitry. However, motor timing deficits in Parkinson’s disease, experimental evidence 
from animals, and imaging studies in humans have pointed to a role for the striatum in temporal 
processing. Recent electrophysiological studies have demonstrated that the striatum may also 
encode time through moment-to-moment changes in spiking activity across its neural networks. 



Despite these gains, a comparison of the extent to which cortical and striatal networks can 
represent time has not yet been performed. In this study, we made extracellular recordings of 
large neuron populations (55-120 simultaneously recorded units) in the striatum or prefrontal 
cortex (PFC) of awake, behaving mice that were trained to learn a fixed temporal relationship 
between odor cue presentations and the delivery of a reward. We used a machine-learning 
algorithm to quantify how well networks in each of these brain areas encoded the passage of 
absolute time along the cue-reward interval. While both cortical and striatal datasets were 
capable of encoding time, the striatum outperformed the PFC. In addition to decoding the 
elapsed time during the interval, we were able to use the population activity to predict, up to a 
second in advance, movement onset in the task. Again, this function was more robust in the 
striatum. Lastly, prediction of absolute time and movement onset time was dependent on the 
number of single units included in the analysis. These findings were recapitulated by repeating 
the same analyses in networks recorded simultaneously in both the PFC and striatum. This study 
reveals that time may be represented in a distributed manner, both within networks and across 
different regions of the brain. It also highlights the privileged role of the striatum in telling time, 
which is perhaps a result of its unique role as an integrator of activity from a diverse set of 
inputs. 
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Abstract: The modulation of cortical activity by basal ganglia output in behaving animals 
remains poorly understood. The substantia nigra pars reticulata (SNr) is the major source of 
inhibitory basal ganglia (BG) output in the mouse. It receives input from the direct and indirect 
basal ganglia pathways and transmits this activity via ascending projections (to the thalamus) and 
descending projections (to the superior colliculus and brainstem). Previous studies inactivating or 
ablating basal ganglia output in primates showed slowing of movement and little to no change in 
reaction time, however, these studies lack temporal specificity during animal behavior. In order 
to examine the effects of transient changes in basal ganglia output on cortical activity we 
expressed archaerhodopsin (eARCH3.0) or a novel inhibitory chloride channel (iC++) in the SNr 
for output inhibition with light stimulation. Behavioral impact of stimulation was assessed during 
open field spontaneous behavior and in a forced choice licking task. Further, we imaged cortical 
activity using the genetically encoded voltage indicator (GEVI) VSFP-Butterfly (VSFPB 1.2). 
Preliminary data suggest that unilateral optogenetic stimulation starting before or at the onset of 
go sensory cue in a left/right licking task leads to decreased reaction times and an increased 
number of licks to both left and right lick ports during the behavioral task. In open field 
behavior, contralateral rotations significantly increased during extended periods (5 min) of 
unilateral optogenetic inhibition, though mean velocity remained unchanged. Voltage imaging 
showed reliable cortical activation during licking behavior in motor cortex. Transient cortical 
activation was also seen following silencing of basal ganglia output, even in the absence of 
motor behavior. We will further examine cortical activity and behavior changes due to SNr 
stimulation during specific segments of the left/right licking task to determine effects of SNr 
silencing on movement initiation and suppression. 
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Title: The role of corticostriatal circuits in transition of behavior 

Authors: *J. SJÖBOM, M. TAMTÈ, P. HALJE, I. BRYS, P. PETERSSON;  
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Abstract: In natural behavior, we smoothly change from one type of motor activity to another in 
a sequence of motor patterns that can be flexibly combined depending on behavioral context or 
the specific functional goal of the motor act. How such action sequences are constructed by 
neuronal circuits is largely unknown but corticostriatal circuits have long been thought to have a 
particularly important role in this type of organization of motor behavior. 
To clarify the role of corticostriatal circuits in behavioral transitions we have investigated 
neuronal activity patterns in primary and secondary motor cortical areas, as well as in the lateral 
and medial volumes of the dorsal striatum receiving input from these areas. The rodent grooming 
behavior is organized into a number of discrete behavioral phases, each characterized by the 
execution of a very stereotypic motor program, which are combined into longer action 
sequences. As such, it is a good candidate for studying transitions in behavior. 
Recordings of single neuron firing patterns in female Sprague Dawley rats revealed a strong 
engagement of these circuits in the on- and offset of grooming but also in the transitions between 
individual grooming phases. Based on our data we suggest a mechanistic model where 
corticostriatal circuits are controlling behavioral transitions through a population-gating 
mechanism involving both projection neurons and interneurons in cortex and striatum. 
These results provide the first description of corticostriatal control mechanisms underlying 
behavioral transitions in a natural, complex and spontaneous behavior. The way these circuits 
control behavioral transitions may give important clues to the pathophysiological mechanisms 
underlying motor dysfunction in diseases involving cortico-basal ganglia circuits. 
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Abstract: Well-learned actions are typically executed with very little variability to comply with 
action-specific constraints. The neuronal mechanisms that contribute to constraining the 
trajectory and timing of learned movements are unclear. Recently a role of the dorsal striatum in 
controlling the kinematics of actions has been proposed and is supported by monotonic 
correlations between firing rate of individual neurons and movements kinematics. These 
correlations may indeed underlie neuronal encoding, defined here as the capacity to predict 
specific kinematic features from neuronal activity. However, monotonic regression analyses 
impose a very specific type of relationship between neuronal activity and the kinematics features 
to be decoded. In other brain regions such as the hippocampus strong encoding has been 
observed despite non-linear relationships between neuronal activity and the decoded feature. 
Moreover, how monotonic correlations between movements kinematics and neuronal firing rates 
translate into predictive power both at the single cell and populations level is not known. To 
address these issues, we applied a Bayesian decoder to spiking activity recorded in the dorsal 
striatum of rats running on a motorized treadmill. Two groups of rats were compared: well-
trained animals performing a stereotyped running sequence and naive animals hand-guided to 
perform a similar running sequence. We first measured the accuracy of decoding the animals 
running speed, acceleration, position on the treadmill and time passing during the sequence. 
Decoding accuracy using single neurons was very low in both groups but increased with the 
number of neurons included in the decoder. Importantly, population decoding accuracy was 
higher in well-trained rats compared to naive rats. Notably acceleration and time, despite weak 
monotonic correlations with firing rates, were well decoded at the population level in the 
Bayesian framework. Finally, we report that the gain in decoding could be partially accounted 
for by a reduction of neuronal intertrial variability, but also by less expected changes in single 
cell tuning properties such as firing rate range. The contribution of these changes to the decoding 
depends on the decoded feature and the population size. These results suggest that the encoding 
accuracy of task-relevant kinematic features by single striatal neurons is generally weak and does 
not change after motor learning, despite a gain in monotonic correlations after learning. 
However, at the population level there is a better encoding of task-relevant kinematic features 
which can not be solely explained by a reduction of neuronal variability. 
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Abstract: Successful reward acquisition in a dynamic environment requires attention to salient 
sensory stimuli that instruct striatally-encoded actions. While striatally-projecting intralaminar 
nuclei of the thalamus encode salient information, how the different thalamic intralaminar nuclei 
govern striatal activity requires further investigation. To probe this, we employ optogenetics, 
electrophysiology and fast-scan cyclic voltammetry in mouse brain slices. Our preliminary data 
suggest that individual intralaminar nuclei form unique striatal microcircuits to differentially 
control striatal dopamine release. These results shed new light on the role of the thalamus in 
action control. 
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Abstract: Recent advances in circuit tracing have provided powerful tools that reveal extensive 
information about the neural circuitry. However, thus far, no viral tracer has been proven potent 
enough to allow a robust, long-lasting retrograde expression of transgenes without inducing 
cytotoxicity. Because even neighboring neurons of the same cell-type differ in their connectivity 
and functions, a new method is required to achieve both cell-type- and projection-specific 
delivery of transgene via retrograde transduction. Here we present a new viral-genetic strategy 
that allows long-term expression of transgenes including fluorescent proteins, optogenetic tools 
and genetically encoded calcium indicators in a cell-type- and projection-specific manner. We 
have developed a novel viral vector based on the rabies-glycoprotein-pseudotyped equine 
infectious anemia virus (RG-EIAV), which has been proven successful to infect neurons 
retrogradely. We genetically engineered the RG-EIAV vector to express site-specific 
recombinases including Flp and Dre in a Cre-dependent manner. Together with recombinant 
adeno-associated virus (AAV) expressing transgenes of interest in a Flp- or Dre-dependent 
manner, we are able to induce robust expression of transgenes in distinct neuronal populations of 
the same cell-type based on their projection targets. We demonstrate the application of this 
strategy by studying the circuit architecture of the parvalbumin-expressing neurons in the mouse 
external globus pallidus (GPe), one of the major nuclei of the basal ganglia that is thought to 
contribute prominently to basal ganglia dysfunction in movement disorders such as Parkinson’s 
disease. The characterization of the GPe neuronal population including cell-types, circuit 
organization, and functional roles in pathological symptoms have not been fully addressed. By 
applying our novel strategy with transgenic mice expressing Cre recombinase in specific 
neuronal cell-types, we were able to identify two distinct populations of parvalbumin-expressing 
neurons in the GPe based on different projection patterns. This strategy will allow us to further 
our understanding of the GPe circuitry by elucidating efferent and afferent connections, 
electrophysiological properties and transcriptional profile of each specific neuronal population. 
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Title: Theta and gamma rhythm generation in a model network of fast-spiking striatal 
interneurons 
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Abstract: Theta (4-10 Hz) and gamma (40-90 Hz) oscillations in the striatum manifest during 
behaviorally relevant times in movement, reward, and decision making tasks, as does their cross-
frequency coupling. Fast-spiking interneurons (FSIs) in striatum strongly inhibit the medium 
spiny neurons (MSNs), the output cells that make up 95% of striatum; therefore, they have a 
powerful influence in patterning striatal activity. These FSIs communicate with one another 
using both GABA-mediated synapses and dendro-dendritic gap junctions, and therefore 
comprise a coupled network potentially involved in producing behaviorally relevant rhythms 
within the striatum. 
To explore rhythm generation by FSIs, we simulated a network of 100 fast-spiking interneurons, 
each of which was a two-compartment Hodgkin-Huxley neuron with a D-type slowly-
inactivating potassium current (D-current). In isolation, these model neurons burst at 5 Hz when 
stimulated tonically, with spikes within a burst occurring at 75 Hz. These frequencies are 
determined by the time constants of the potassium currents within the cell. A network of these 
FSIs can produce either a theta frequency, a gamma frequency, or both, depending on the 
conductances of the gap junctions and inhibitory synapses between the individual cells. We 
simulated increased dopaminergic tone by increasing gap junction conductance as well as 
excitability of the FSIs, and decreasing D-current conductance. The rhythmic regime of the 
network was altered by changes in dopaminergic tone; our findings suggest that dopamine may 
induce the theta and high gamma (80 Hz) rhythms seen in vivo and carried by striatal FSI 
networks. Thus, theta and gamma rhythms in striatum and cortex may reflect dopaminergic tone, 
and may play a role in processing related to reward and motivation during decision making. 

Disclosures:  J.A. Chartove: None. M. McCarthy: None. B. Pittman-Polletta: None. N. 
Kopell: None. 

Poster 

720. Physiology of Basal Ganglia Systems 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 720.15/SS13 

Topic: E.03. Basal Ganglia 

Support: NIH Grant MH101697 



 NIH Grant NS078435 

 CHDI 

Title: Distinct firing patterns of GPe Arkypallidal and Prototypical neurons in a reinforcement 
learning task 
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Abstract: The basal ganglia (BG) are a set of subcortical structures involved in the modulation 
and control of adaptive behaviors. The GPe lies at the center of the BG network, receiving 
projections from input stations of the BG (striatum and subthalamic nucleus) and making 
GABAergic projections to all major BG nuclei. The GPe is best known for its projections 
downstream to BG output nuclei, but Mallet et al. (Neuron 2012) identified a distinct class of 
GPe cells, dubbed “Arkypallidal” (Arkys), that project exclusively to the striatum. Arkys can be 
distinguished from “Prototypical” (Proto) GPe cells by their firing rates and variability during 
natural waking and sleep states, and are especially responsive to Stop cues (Mallet et al. Neuron 
2016). To gain further insight into their distinct functions, we recorded presumed Arkys and 
Protos in rats engaged in a trial-and-error decision-making task (Hamid et al. Nat Neurosci 
2015). On each trial, rats hold their nose in a central port until a Go cue prompts a left- or 
rightwards movement, with each option rewarded probabilistically. Unlike Protos, Arkys were 
generally more active during the intertrial interval (ITI), reducing their firing just before trial 
initiation and elevating it after trial completion. Both Arkys and Protos were more active, on 
average, when preparing contralateral movements compared to ipsilateral movements, but for 
Protos (only) this choice-related activity appeared even before the Go cue prompted movement. 
Both Arkys and Protos increased firing, on average, following reward delivery compared to 
unrewarded trials. However, this reward response was stronger and more consistent in Arkys, 
and the Arky population sustained reward-related changes in activity throughout the ITI, 
including an elevation in firing rate just before the onset of the next trial when the previous trial 
had been rewarded. We suggest that Protos are more concerned with choice preparation and 
execution, while Arkys are more concerned with trial outcomes, providing value information to 
the striatum during the ITI that may influence decisions to work. 
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Abstract: Corticostriatal circuits are involved in action control and action learning. The 
prefrontal cortex (PFC) projects strongly to the dorso-medial striatum (DMS) while the primary 
motor cortex (M1) projects mainly to the dorso-lateral striatum (DLS). It is believed that goal-
directed actions are mostly controlled by DMS whereas habitual behaviors are controlled by the 
DLS. To understand specific dynamics of these circuits we used a classical physiological 
technique, local field potential (LFP) recording in urethane anaesthetized mice. In our studies we 
focused on several aspects of synaptic responses and plasticity evoked by cortical stimulation 
with a tungsten electrode and recorded by a glass pipette. Because little is known about origin 
and significance of the corticostriatal LFPs, we characterized these responses. We changed depth 
of the recording electrode, intensity of the stimulating current and stimulation parameters. We 
observed systematic changes in the waveforms of evoked LFPs that depended on all the 
mentioned parameters. Next, we combined electrical stimulation and optogenetics to take 
advantage of unique precision of this latter technique for pathway-specific interrogation. We 
determined that field potentials can be evoked with ChR2 expression and light stimulation. Mice 
expressing ChR2 in cortex were generated by breeding Emx1-Cre mice with AiCOP4 
conditional ChR2-expressing mice. We performed in vivo recordings in DLS and DMS to 
compare electrically- and optically-evoked field potentials. We examined effects of stimulus 
duration and light power on the response characteristics. Additionally, light-evoked responses 
were compared in M1 and at different depths of the striatum showing topographical organization 
of this region. Control experiments indicated no light-evoked responses in C57Bl6/J mice that 
did not express ChR2. In ongoing experiments we are examining mechanisms of synaptic 
modulation and plasticity using various electrical- and light-stimulation patterns and 
intracerebroventricular drug application. Moreover, we are combining in vivo fiber photometry 
with our LFP-recording system that will give us a new insight into real-time plasticity changes 
observed in the corticostriatal circuits. 
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Abstract: The remarkable capacity of the brain to acquire and execute motor skills depends on a 
distributed motor network. While many components have been identified, the intricate interplay 
between the distinct brain areas involved, their specific roles, and the implementation of the 
learning process in neuronal circuitry remain elusive. To dissect how the motor system underlies 
the acquisition and execution of complex motor skills, we train rats in a lever-pressing task 
which results in spatiotemporally precise movement patterns. Previously, we addressed the role 
of motor cortex (MC), showing that the learned skills we train survive chronic lesions of MC, 
while transient optogenetic manipulations of MC acutely degrade their execution. Thus, while 
activity in MC has the capacity to modulate the learned skills, it seemingly does not exercise this 
function once the behavior has been consolidated. This is consistent with our previous finding 
that MC is necessary for the initial acquisition of the skills we train. Based on these results we 
hypothesize that MC acts as a ‘tutor’ during skill learning, with its input to downstream motor 
areas serving as a teaching signal that guides the acquisition and refinement of subcortically 
generated motor sequences. Here we show that the striatum, in particular the part that receives 
input from MC, is necessary for both acquiring and executing the motor skills we train, thus 
identifying striatum as a possible subcortical target of MC’s tutoring function. To address the 
role of MC-striatum interactions directly, we use viral and molecular strategies to selectively 
access distinct MC projection pathways. In line with our hypothesis, transient optogenetic 
manipulations of corticostriatal projections acutely degrade the execution of the learned skills. 
Moreover, chronic and selective silencing of corticostriatal projections prevents animals from 
acquiring those skills in the first place. Together with our previous findings, this supports the 
idea of MC acting as a tutor of subcortical circuits through its modulation of striatal activity. To 
further dissect MC’s tutoring role, we are using chronic long-term electrophysiological 
recordings and optogenetic identification of projection neurons during skill acquisition to study 
the activity of corticostriatal projections and the changes in cortical and striatal networks over the 
course of learning. 
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Abstract: The motor thalamic nuclei are key players in the circuit that control motor planning 
and execution. The thalamocortical neurons which receive GABAergic afferents from the output 
nuclei of basal ganglia (BG) project to frontal, motor cortical areas (M1, M2). Conversely layer 5 
(L5) neurons of these regions innervate the first station of the BG circuit, the striatum, as well as 
its last station, the BG recipient thalamic nuclei. In the present study we aimed to elucidate the 
physiological and anatomical features of the L5 corticothalamic (CT) pathway to the motor 
thalamic nucleus ventromedialis (VM) and compare it to L5 input to sensory thalamus (nucleus 
posterior, Po) as well as to layer 6 (L6) projection to VM. We investigated the L5 CT pathway 
using Thy1-Chr2-EYFP and Rbp4- and the L6 CT pathway by the ntsr1-cre mice lines. 
Selective labeling of L5 axons revealed only small diameter (1-2 µm) terminals in the VM 
compared to the giant L5 driver terminals in the somatosensory Po (4-8 µm). The size range of 
L5 boutons in VM was close to that of the L6 inputs (0.5-1µm). At the ultrastructural level, 
however, L5 and L6 terminals displayed significant differences in VM. L5 boutons established 
much larger, often multiple perforated or branching synapses, always contained mitochondria 
and had significantly larger volume. L5 terminals mostly innervated specialized large headed 
(˃300nm) dendritic spines. In contrast, L6 terminals established simple and smaller synapses, 
targeted thin (≤0,5 µm) dendritic shafts and contained mitochondria only in 10% of the cases. 
Photoactivation of L5 input from M1 and M2 motor cortex could reliably evoke action potentials 
in VM cells under ketamine/xylazine anesthesia. Repetitive activation of L5 was able to entrain 
VM neurons firing. Several VM cells could be reliably driven with up to 20 Hz stimulation. In 
contrast, photoactivation of Po cells via the large S1, L5 terminals led to significant depression in 
response probability above 4 Hz. Unexpectedly, we found that VM cells can be driven by L5 
input arising from the contralateral cortex as well. At the electron microscopic level L5 terminals 
from the contralateral cortex had larger volume and postsynaptic density area compared to the L5 
terminals from the ipsilateral cortex. Axonal labeling and photoactivation of L5 neurons in 
different frontal cortical regions revealed that L5 afferents are organized according to horizontal 
sectors within VM. 



Our results demonstrate that neocortex can exert strong, top-down influence on the information 
transfer at the last, thalamic stage of the basal ganglia circuit via morphologically specialized 
synaptic connections. 
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Abstract: The subthalamic nucleus (STN), zona incerta (ZI), and pontine nuclei (PN) are 
subcortical brain regions that contribute to motor and non-motor related activity. The STN is part 
of the basal ganglia structure with primarily glutamatergic projection neurons. Although the 
projection of the STN within the BG circuit is well studied, its projection outside the BG is not 
well understood. The ZI, located dorsal to the STN, is known to send both excitatory and 
inhibitory projections to PN, which is part of brainstem. The PN, which also receives extensive 
cerebral inputs, targets the granular layer of the cerebellum as glutamatergic mossy fibers. These 
structures are all known to be involved in motor related activity, and their dysfunction may 
contribute to movement disorders.We examined whether STN or ZI affect the activity of the PN 
neurons by combining optogenetics with single unit recordings in awake mice. 
Channelrhodopsin was injected in either the STN or the ZI, and their axonal projections were 
optically activated in PN while recording the single cell activity of neurons using an optrode. We 
find that in STN-targeted mice, about 50% of recorded cells responded to the stimuli, whereas in 
ZI-targeted mice more than 75% of the recorded cells were responsive to optical excitation of the 
fibers. In both STN- and ZI- ChR2 mice, optical activation of the opsin carrying axons increased 
the firing rate in the PN neurons with a short latency of approximately 2-4 milliseconds. The 
stimuli also inhibited the spontaneous firing in about 20% of neurons. Our data suggest that both 
STN and ZI are capable of modulating the activity of the PN. 
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Title: The basal ganglia and cerebellum contribute to the control of the adrenal medulla 
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Abstract: We used retrograde transneuronal transport of rabies virus to determine if the adrenal 
medulla is the target of output from the basal ganglia and cerebellum. We injected rabies virus 
(N2c strain) into the adrenal medulla of 5 cebus monkeys. The animals were allowed to survive 
long enough to label second-order ( n=1), third-order (n=1) or fourth-order neurons (n=3). We 
first observed substantial numbers of labeled neurons in the basal ganglia and cerebellum in 
animals with fourth-order labeling. This is the same survival time in which substantial numbers 
of labeled neurons were first present in the cerebral cortex. These observations indicate that the 
basal ganglia and cerebellar labeling was mediated by connections to efferent systems in the 
hypothalamus, midbrain or brainstem, rather than through the classical basal ganglia-thalamo-
cortical or cerebello-thalamo-cortical circuits. The labeled neurons in the basal ganglia and 
cerebellum were consistently observed in the substantia nigra pars reticulata (SNpr), the internal 
segment of the globus pallidus (GPi) and each of the three deep cerebellar nuclei. Overall, we 
observed about four times as many labeled neurons in the basal ganglia as in the cerebellum. 
Within the basal ganglia, most labeled neurons (80%) were located in the SNpr and were 
concentrated in a subregion that is interconnected with area 9 in the prefrontal cortex. The 
remainder of basal ganglia labeling was scattered throughout the motor and non-motor regions of 
the GPi. Within the cerebellum, more than half of the labeled neurons were located within the 
ipsilateral (30%) and contralateral (21%) fastigial nucleus. These results indicate that the basal 
ganglia and cerebellum can influence at least one element of the sympathetic nervous system- the 



adrenal medulla. This influence appears arise more prominently from the basal ganglia than from 
the cerebellum. Moreover, this basal ganglia output originates primarily from its non-motor 
region. Our results suggest that the cerebellum, and especially the basal ganglia, are involved in 
the neural regulation of internal organ function. Thus, our anatomical results may provide a 
neural substrate for autonomic dysfunction that is associated with basal ganglia and cerebellar 
disorders. 
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Title: Glycinergic neurons are implicated in basal ganglia dependent functions 
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Abstract: The basal ganglia is responsible for somatosensory discrimination and both voluntary 
and involuntary movement. The functions regulated by the basal ganglia involve the release of 
dopamine from dopaminergic nerve terminals in the striatum. Activation of post-synaptic 
dopamine receptors leads to activation of the direct and indirect pathways to regulate motor 
function. Although the contribution of GABAergic fibers to basal ganglia function is well 
documented, glycinergic neurotransmission is completely unknown. We are currently analyzing 
glycine transporter 1 (GlyT1) immunoreactivity in the globus pallidus and our findings suggest 
the presence of GlyT1 in neurons. To investigate the functions regulated by these glycinergic 
neurons, sprague dawley rats were subjected to intracranial injections of saline or the glycine 
receptor antagonist strychnine followed by motor assessment, sensorimotor evaluation, testing 



postural reflexes, and analyzing open-field behavior. The results suggested a potential 
contribution of glycinergic transmission in the regulating voluntary motor activity. Current and 
future research will elucidate the role of nigropallidal glycinergic fibers in the control of motor 
functions. 

Disclosures:  Y.P. Huizar: None. R. Ortega: None. R.A. Perez: None. E. Castaneda: 
None. M. Miranda: None. 

Poster 

720. Physiology of Basal Ganglia Systems 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 720.22/SS20 

Topic: E.03. Basal Ganglia 

Title: Optogenetic interrogration of distinct and complementary nigral sub-circuts that shape 
movement. 

Authors: *G. I. RIZZI1, K. R. TAN2;  
1Biozentrum, 2Univ. of Basel, Basel, Switzerland 

Abstract: Motor behavior stands at the core of every mammalian organism’s survival and 
evolvement within its environment. The Substantia Nigra Pars Reticulata (SNr) has long been 
identified as the prime output nucleus of the Basal Ganglia, an ensemble of brain structures that 
governs motor behavior. The SNr is commonly regarded as GABAergic and homogenous. Its 
activity patterns have been correlated with different aspects of locomotion such as sensory input, 
movement planning, execution and interruption. Such versatile function suggests a more 
complex organization of the SNr than has been thought so far. Using a combination of 
anatomical and functional techniques we identified two marginally overlapping sub-populations 
of GABAergic neurons that are embedded within separate circuits, execute different functions, 
and act complementarily to warrant locomotion. More specifically, we used optogenetic-
targeting techniques to dissect the function of each nigral sub-population and verify the effect of 
their combined interaction. While VGAT-positive neurons encode the execution of movement, 
PV-expressing cells alone do not alter locomotion. Interestingly when activated synchronously, 
the two populations drastically increase the robustness of locomotion. 
We provide fundamental understanding of basic SNr circuitry and function with a cell-type 
specific resolution. This represents a critical step in refining our knowledge in the cellular, 
synaptic and circuit bases of motor-related behaviors. 
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Abstract: The basal ganglia, a complex network of interconnected nuclei, have been linked to 
the formation and execution of voluntary movement. The principal model of movement control 
involves two distinct pathways originating from direct spiny projection neurons (dSPNs) and 
indirect projection neurons (iSPNs) of the striatum. Through different projection targets the 
dSPNs and iSPNs are able to initiate and stop movement respectively, via the substantia nigra 
pars reticulata (SNr). Here, we describe a novel pathway from the motor cortex directly onto the 
SNr, and we aim to elucidate the role of this pathway in locomotion. 
Using retrograde and anterograde mapping tools we show an anatomical connection between the 
M1/M2 motor cortex and the SN. Functional connectivity is investigated using in vitro 
electrophysiology, providing confirmation of a glutamatergic projection onto two cell 
populations- IH positive (putative dopamine neurons) and IH negative (putative GABA 
neurons)- with a preferential connection to IH positive neurons. To expand on this we will use 
optogenetics in combination with a motor task to investigate its role in motor behaviour output. 
Thus, we hope to understand what this novel pathway does in relation to the currently accepted 
roles of the direct and indirect pathways- and more importantly how this opens the door to more 
complex locomotor circuitry. 
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Abstract: The basal ganglia (BG) are involved in a broad range of motor and cognitive 
behaviors. It is widely accepted that the BG play a key role in action selection and reinforcement 
learning facilitated by the activity of dopaminergic neurons that encode the prediction error when 
the reward outcome is higher or lower than expected. The BG are thought to select proper motor 
actions by gating appropriate commands and suppressing inappropriate ones from a repertoire of 
cortical signals arriving at the striatum. This process of action selection is mediated by the direct 
striato-nigral (GO), and the indirect stiato-pallidal (NOGO) pathways. Previous models 
confirmed the plausibility of the above concept, but in an abstract way only, lacking the details 
about formation of neuronal activity patterns actuating the muscular-skeletal apparatus, and 
hence did not allow studying BG involvement in motor adaptation. We have developed a more 
complete and detailed model of BG interacting with a movement execution system in the context 
of goal directed reaching tasks. The model included sensory and motor cortices, the BG, the 
spinal cord circuitry, and a virtual mechanical arm allowing for simulation of 2D reaching 
movements. The arm was composed of 2 joints (shoulder and elbow) controlled by 6 muscles (4 
mono-articular and 2 bi-articular). The spinal cord network contained motoneurons to control 6 
muscles and sensory interneurons receiving afferent feedbacks and providing basic reflexes. The 
cortical neural activity corresponding to possible movements was determined by solving an 
inverse problem based on the initial arm position, reaching distance and direction. Reaching 
movements were performed in response to a sensory cue associated with the target arm position. 
Target positions located in an arbitrary number of different directions were used as a set of 
possible actions. The function of BG was to associate the cue with a proper reaching movement 
by adjusting weights of cortico-striatal inputs through reinforcement learning. The BG had an 
intrinsic exploratory mechanism allowing for seeking better cue-action responses delivering 
larger rewards. Reinforcement learning relied on the dopaminergic signal measuring trial-to-trial 
changes in the reward. The model was used to simulate reward based adjustment of reaching 
movements to verify that such a system is capable of quick (10-100 trials) motor adaptation 



observed in experiments. Our analysis shows that (1) potentiation of cue-NOGO inputs is crucial 
for quick dropping of pre-existing cue-action associations; (2) quick learning occurs at the 
expense of relatively poor accuracy and high variability of the movements. 
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Abstract: The transformation from sensory information to motor actions is a fundamental 
process in decision making. Although the striatum has been implicated in movement control and 
decision making, its critical role in the sensory-motor decision is still elusive. This can be due to 
the lack of proper quantitative behavioral measurement with correspondence to precise 
manipulation of specific striatal circuits, where different sub-regions and different output (direct 
and indirect) pathways of the striatum could play distinct roles. Here we combined quantitative 
psychophysics task in mice with specific circuit manipulations to address this problem. We 
trained head-fixed mice to perform an auditory-guided two-alternative forced choice (2AFC) 
task, in which mice distinguished sounds with different frequencies and licked left or right water 
port to report their choice. This behavior paradigm provided precise time control and accurate 
behavioral readout, allowing for probing the striatal circuits in different aspects of sensory-based 
action selection. First, we examined the regional specific roles of striatum in the auditory-guided 
action selection. Unilateral optogenetic silencing of a posterior sub-region of the dorsal striatum, 
where it receives input from auditory cortex, impaired mice’s contralateral choice but not the 
ipsilateral choice, whereas silencing of an anterior region of dorsal striatum, where it mainly 
receives input from motor cortex, showed no significant effect on behavioral performance, 
suggesting a region and modality specific functional role of the striatum in action selection. 



Second, we specifically manipulated subtypes of striatal projection neurons associated with 
direct or indirect output pathways. Unilateral activation of D2 receptor expressing neurons (using 
floxed-ChR2 in D2-cre mice) suppressed contralateral behavioral choice, suggesting a 
suppressive role of the indirect pathway in action selection. In contrast, activation of D1 receptor 
expressing neurons (using floxed-ChR2 in D1-cre mice) drove the contralateral choice, 
supporting sufficiency of the direct pathway in driving contralateral choices. Taken together, our 
results provide direct evidence for the control of action selection in perceptual decision-making 
by sub-region and cell-type specific circuits in the striatum. Prospectively, our behavior 
paradigm, when combined with optogenetics and in vivo imaging techniques, will provide a 
unique window to gain mechanistic understanding of the operation principles of basal ganglia 
circuits in sensory-motor decision making. 
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Abstract: The principle of the motor learning is forming an association between sensory 
observation and motor actions: a motor policy of how the brain select optimal actions at the 
certain state of the body and the environment. There is ample evidence to suggest that the brain 
employs optimal feedback control in computing motor commands that maximize reward and 
minimizes effort (i.e. motor costs) [Izawa 2008, 2011]. Yet, how exactly the brain optimizes the 
motor policy is still unclear. On the other hand, the reinforcement learning that fits well with the 
behavioral data of decision making tasks has uncovered the roles of the basal ganglia in 
maximizing future rewards with exploration and exploitation of actions, which is mathematically 
identical to an optimization algorithm of forming the state-action map whereas its role in human 
motor control has not been well examined. To seek a contribution of reinforcement learning 
mechanism of the human brain to optimization of motor commands, we focused on the motor 
costs in a human reinforcement learning task and investigated the property of the brain in 



forming motor policy over the visual state space which was also influenced by the physical effort 
of actions. 
We extended the ‘grid sailing task’ developed by Doya and his colleagues [Fermin 2010] where 
the subjects were asked to explore an optimal route of the agent’s (i.e. visual cursor) navigation 
from the start cell to the goal cell by deciding the agent’s action with pushing the keys: This is 
similar to learning for controlling a new tool with finding a series of the finger tapping although 
a computational problem behind this task is forming the state-action pairs rather than 
memorizing a tapping sequence. Based on this paradigm, we simplified the state space and 
implemented the motor cost: The subjects pushed the two force sensors with the index and the 
middle fingers instead of a keyboard, where we manipulated the amount of the force that the 
subjects were requested to produce to select agent’s actions which brought the cursor to the next 
state. 
We observed a route selection difference between the cost situation and no-cost one: The 
selected action at each state is biased to one with the lower motor cost while maintaining the low 
number of actions. Also, we observed that subjects generalized the previously learned state-
action memory among two situations with different motor costs. This result suggests that the 
human brain has the capacity to learn state-action pairs by taking account of the physical efforts 
to achieve the goal. The further analysis with Q-leaning model may reveal the structures of the 
action-value memories for the reward-based and the effort-based motor optimization. 
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Abstract: Inhibitory control over the motor system is thought to be implemented by a frontal-
basal ganglia network to either delay or entirely stop actions. The subthalamic nucleus (STN) of 
the basal ganglia is considered a key node in this network. Several studies of manual stop tasks 
have reported increased power of STN beta band [13-30Hz] oscillations when actions are 
successfully stopped. Studies with other response control tasks reported increased STN power in 
lower frequencies such as alpha [8-12Hz] and theta [4-8Hz] bands in relation to delaying 
responses. Here we recorded oscillations from the STN in two groups of Parkinson’s disease 
patients undergoing deep brain stimulation surgeries. We ran a standard manual stop signal task 
(n=8) and a speech stop signal task (n=10). Our objectives were to compare manual and verbal 
versions with respect to STN signatures for a) stopping (i.e. successful vs. failed stop trials) and 
b) delaying movement (i.e. going slow vs. fast on Go trials). Consistent with several studies, we 
found increased beta activity in the STN for successfully stopping manual actions (F(1,7)=12.27, 
p=0.01). For the comparison of slow “go” trials compared to fast “go” trials, alpha activity was 
commonly increased in the STN in both manual and speech tasks (manual: t(7)=5.66, p=0.002; 
speech: t(9)=4.51, p=0.003). Thus, increased oscillatory power was detected in the STN for 
inhibitory control of both manual and verbal actions. The findings also show that different 
signatures (beta vs. alpha) relate to stopping vs. delaying actions, possibly related to different 
frontal-STN hyperdirect pathways. 
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Title: The basal ganglia control the urgency of a reach choice, but not the choice itself 

Authors: *D. THURA, P. CISEK;  
Dept Neurosci., Univ. Montreal, Montreal, QC, Canada 

Abstract: The basal ganglia (BG) have long been implicated in many aspects of cognition and 
motor control. One prominent theory suggests that they play a key role in selecting desired 
actions and suppressing competing actions on the basis of decision-variables learned through 
reinforcement. However, choice selective signals in the GPi often lag behind cortical regions and 
are largely simultaneous with muscle contraction. Furthermore, GPi inactivation has no effect on 
which movements are selected in decision tasks, but instead reduces the velocity and extent of 
movements, consistent with the proposal that the BG regulate motivation and response vigor. It 
therefore remains unclear whether the BG play a causal role in decision-making and if so, 
precisely what that role may be. To investigate this question, we recorded cortical and pallidal 
activity in two monkeys trained to perform a reach selection task that allows us to dissociate the 
process of deliberation from the moment of commitment. In different blocks, the temporal 
properties of the task were varied to induce adjustments of monkeys’ speed-accuracy trade-off 
(SAT). We found that while animals deliberate between two reach targets, neurons in dorsal 
premotor (PMd) and primary motor cortex (M1) continuously reflect the evolving sensory 
evidence guiding the decision. By contrast, BG output via the globus pallidus internus (GPi) 
remains untuned until the commitment time is signaled in PMd/M1, possibly confirming the 
cortical decision and movement initiation. We also observed that the SAT context in which the 
task was executed strongly modulated a large proportion of GPe (50%) and GPi (63%) cells. 
Crucially, this modulation was congruent with the cells’ variation of activity during deliberation 
within each block: “build-up” cells tended to be more active during fast than slow blocks, 
especially in GPe; while “decreasing” cells were less active in fast than slow blocks, suggesting 
that the BG provides a time-varying signal reflecting the growing “urgency” to commit, which is 
adjusted to control speed/accuracy tradeoffs. Our results are consistent with the proposal that 
cortical activity reflects a dynamic, biased competition between candidate actions, which is 
gradually amplified by an urgency signal from the BG that effectively controls the amount of 
evidence needed before the animal commits to the currently favored reach choice. Eventually, 
the cortical bias in favor of one of the targets becomes strong enough to engage tuning in the 
GPi, at which point the BG “gate” is opened leading to a positive feedback that constitutes 
commitment to the action choice. 
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Abstract: Dynamic changes in cortico-basal ganglia circuit function underlie action learning. 
How functional changes in discrete, connectivity-specified circuits manifest in vivo during such 
learning remains unknown. Using in vivo fiber photometry, we assessed real-time activity and 
plasticity of distinct cortical inputs to the striatum during motor skill learning. The genetically 
encoded calcium indicator, GCaMP6s, was virally expressed in excitatory cortical neurons in 
medial prefrontal cortex (mPFC) or motor cortex (M1) of mice. An optical fiber was implanted 
into dorsomedial striatum (DMS) of mPFC-injected mice to target associative inputs, and 
dorsolateral striatum (DLS) of M1-injected mice to target sensorimotor inputs. Activity-
dependent fluorescent calcium dynamics were assessed in presynaptic elements of these inputs as 
a proxy for projection activity as mice were trained on the accelerating rotarod. Engagement of 
associative inputs was modest during initial trials on the rotarod, peaked during early training, 
and rapidly diminished as performance was automatized. In contrast, sensorimotor inputs were 
robustly engaged during initial trials, and showed a progressive decrease in activity with training. 
Somatic photometric recordings of DMS-projecting mPFC neurons and DLS-projecting M1 
neurons revealed unique engagement patterns, suggesting differential learning-related plasticity 
at somatic and presynaptic elements of corticostriatal inputs. Our work describes novel 
approaches to observe real-time activity dynamics in discrete corticostriatal inputs, and provides 
new insight into how cortico-basal ganglia circuits encode action learning. 
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Abstract: The human brain has evolved to reward specific behaviors that increase the 
probability of propagating of one’s genetic material. Drugs of abuse— such as cocaine, 
prescription painkillers and heroin— hijack these built-in systems to change the way different 
areas of the brain communicate. This shortcut to reward is especially problematic when drug 
experiences are linked to the memory of the circumstances in which drug use occurred, which 
often leads to relapse after periods of abstinence. Much remains unknown about how changes in 
reward circuits lead to addiction and how the brain creates memories that increase susceptibility 
to relapse. The basal ganglia are highly implicated in conscious cognitive processes, including 
learning, memory and addiction. The largest nucleus of the basal ganglia, the striatum, utilizes 
endogenous opioids to modulate information integration. Dynorphin is a potent opioid that is 
synthesized in striatonigral pathway neurons and is understood to fine-tune basal ganglia 
transmission at the synaptic level. Dynorphins act primarily on kappa-opioid receptors, which 
occur in high densities in the basal ganglia at both pre-synaptic and post-synaptic sites, and 
action of dynorphin at kappa-opioid receptors reduces the release of dopamine. Drugs of abuse 
cause increases in dynorphin expression in the basal ganglia, and the opiate antagonist, 
naltrexone, acts primarily at mu and kappa opioid receptors as a treatment against relapse in 
certain addictions. Despite the prevalence of the dynorphin in the basal ganglia and its link to 
addiction, its role in the basal ganglia is not well understood. As dynorphin is expressed widely 
throughout the brain, we have developed a system in which dynorphin can be removed in a cell-
type specific manner and have subsequently assessed behavioral changes in response to selective 
dynorphin deletion. 
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Abstract: Auditory sensory prediction plays a central role in speech motor planning and control. 
One approach to investigating this predictive process is through the comparison of auditory 
cortical responses to auditory feedback during active speech vs. passive listening to the same 
acoustic speech signals. Neural responses during active speech production are typically 
suppressed, which is presumed to reflect a subtraction of the motor-sensory prediction from 
auditory feedback. In the present EEG study, we further explored the link between online 
(feedback) and offline (passive listening) speech processing by measuring auditory evoked 
responses in combination with two different manipulations that alter a talker’s ability to 
accurately predict the sensory consequences of speech actions: one involving a real-time change 
in auditory feedback during vowel production, and the other involving the presenting a stable 
auditory vowel target before each production. 
Methods: Participants carried out two pairs of tasks, each consisting of matched speech 
production and passive listening phases. In each task pair, subjects first produced 240 vowel-
consonant syllables during a portion of which vowel F1 frequency was altered in real-time (35% 
increase). Following production, subjects passively listened to the recorded speech sequence 
(identical in timing and amplitude to the preceding speech auditory feedback). Two such pairs of 
production/listening tasks were carried out, one involving a visual cue to speak and the other 
involving an auditory presentation of the speech target. During all tasks, averaged EEG auditory-
evoked potentials (N1/P2) were computed for each task, feedback condition and target cueing 
condition. 
Results: Behaviorally, subjects compensated for the auditory feedback manipulation under both 
visual and auditory-cueing conditions. EEG analyses showed a significant speech-induced 
suppression (SIS) of the auditory evoked N1/P2, with a difference in amplitude between the 
auditory and visually cued productions. Interestingly, this difference in SIS magnitude resulted 
from a differential effect of cueing modality on the evoked responses during the listening task, 



with a reduction in auditory evoked N1/P2 between the auditory target and the subject's speech 
production (auditory habituation) occurring during offline listening, but not during online 
production. 
In demonstrating distinct exogenous and endogenous predictive processes during speaking and 
listening, the results suggest that online auditory processing of speech feedback is functionally 
decoupled from offline processing of speech originating from outside the speaker. 
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Abstract: (Backgrounds) The swallowing center in the medulla is the key integrator of 
swallowing performance. In addition, there are subcortical and cortical centers above the 
brainstem that induced swallowing movement, however, their specific role and connections are 
not well understood. There are technical limitations of conventional neuroimaging techniques 
that require subjects to be in a supine position and/or restrict head movements. Such limitations 
narrow the range of experimental task options for swallowing. To challenge these issues, we 
applied functional near-infrared spectroscopy (fNIRS), an optical method that noninvasively 
measure cortical hemodynamics, for brain mapping in swallowing. 
(Methods) Eighteen of right-handed healthy male were analysed. Subjects, on the chair or in 
supine position were put 34-channel holder of OMM-2000 Optical Multichannel Monitor 
(Shimadzu, Kyoto, Japan). An increase in oxyHb is used as an indicator for brain activation. 
Sensorimotor cortex and frontal lobe were set as the region of the interest. Data analysis was 
performed according to our previous study. Optode positions were measured using a 3D 
magnetic space digitizer (FASTRAK-Polhemus, Colchester, VT). Probabilistic method was used 
to register NIRS data to MNI (Montreal Neurological Institute) standard brain space. The 
statistical method used was a general linear model employing a two-level summary statistics 
approach for random effects analysis with a one-tailed t test. 



(Results) Activation areas in each task were detected separately in SMI (p < o.o5 by Student t, 
one-tailed, FDR controlled). During swallowingin supine, activation was detected in tongue SMI 
and BA 40 (p < o.o5, one-tailed, FDR controlled). The haemodynamic pattern observed during 
swallowing was different in sitting versus supine position in BA 6 and BA 40 (p < o.o5, one-
tailed, FDR controlled). 
(Conclusions) The haemodynamic pattern during swallowing appeared different in sitting versus 
in supine position in BA 6 and BA 40. Our findings suggest that the sensory input is more 
important in supine than in sitting posture. Since fNIRS measurements are limited to the cortical 
surface, determining cortical connections to insula and basal ganglia in swallowing requires 
continued research. 
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Abstract: When monitoring voice pitch auditory feedback and controlling voice fundamental 
frequency (F0), speakers may adjust F0 to follow the change in feedback (feedforward) or to 
counter the change (feedback) for a correction. The present study measured neural responses 
(ERPs) from EEG electrodes as subjects vocalized and changed their F0 to either mimic the 
direction of positive or negative changes in the pitch feedback (follow up or down) or to oppose 
the directional change in feedback. The follow condition is similar to a feedforward control 
system, and the oppose condition is similar to a negative feedback control system. ERPs were 
obtained from a 32 channel EEG cap (BrainVision) as subjects vocalized into a microphone. 
Voice auditory feedback was presented to the subjects over earphones. Voice pitch feedback was 
altered at random times during the vocal tasks. In the feedforward condition, subjects were 
instructed to change their F0 in the same direction (up or down) as a change in voice pitch 
auditory feedback. In the feedback condition, subjects changed their voice F0 in the opposite 
direction to the change in voice pitch feedback. That is, if the feedback pitch increased, subjects 
decreased their F0. The N1 ERPs in the posterior electrodes (parietal areas) had significantly 



(RM ANOVA, p< .000) shorter latencies for both feedforward (86 ms vs. 103 ms) and feedback 
(87.8 vs. 101 ms) responses than the the frontal electrodes. The P2 electrodes had significantly 
(p<.009) larger response magnitudes in the posterior electrodes for both the feedforward (2.25 
vs. 1.05 uV) and feedback ( 2.15 vs. 0.86 uV)responses. The P2 ERPs also had significantly (p < 
.04) larger magnitudes in the left hemisphere compared to the right (2.25 vs. 1.48uV). Results of 
this study indicate left posterior regions of the brain, such as the left posterior temporal and 
parietal lobes may play important roles in volitional vocal responses to changes in voice auditory 
feedback. 
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Abstract: The importance of the insula in speech control is acknowledged but poorly 
understood, partly due to a variety of clinical symptoms resulting from insults to its different 
regions. We conducted detailed examination of insular structural connectivity related to speech 
control in 12 healthy subjects (55±7 years, 7F/5M) and 12 patients with spasmodic dysphonia 
(SD, 54.1±11, 7F/5M), which is an isolated focal dystonia that selectively affects speech 
production. We used probabilistic diffusion tractography to parcellate the insula based on its 
structural connections with the Broca's area, Wernicke's area, and laryngeal motor cortex (LMC) 
and compared the anatomical distributions of the resulting partitions in HV and SD groups. We 
further used a 112-region whole-brain parcellation, including the parcellated insular regions 
identified above, to assess the insular large-scale structural network in HV and SD groups. 
In HV, insula-Broca connections were localized to the dysgranular portion of the anterior insula; 
insula-LMC connections were found in the dysgranular insula more centrally and closer to its 



posterior portion, and insula-Wernicke connections were distributed in the granular posterior 
insula. Insula-LMC and insula-Wernicke connections showed left-hemispheric lateralization. 
Larger-scale insular connectivity patterns were characterized by the representation of the 
strongest connections in the hippocampus, superior orbital, middle occipital, and middle frontal 
gyri. Conversely, SD patients showed abnormal overlap of the insular connection partitions and a 
larger representation of the insula-LMC connections, especially in the right hemisphere. The left-
hemispheric distribution of insular connections seen in HV was diminished with a more bilateral 
representation of insular fiber tracts. Subsequently, the larger-scale insular connectivity was also 
different from that in HV and included SD-specific nodes in the sensorimotor, middle cingulate, 
inferior temporal, and inferior parietal cortices. 
We demonstrated anatomical segregation of the large-scale insular network, specifically 
involving the cortical regions responsible for different aspects of speech processing and 
production. This organization appears to be altered and skewed towards motor 
overrepresentations in a neurological disorder affecting speech production. Such differences in 
insular (dis)organization may underlie distinct symptomatology due to the insular insult affecting 
its different divisions. 
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Abstract: The ability to make inferences about the emotional state of another individual is 
facilitated by the seemingly automatic integration of concurrently presented vocal and facial 
information. Humans possess a special neural network dedicated to the recognition of facial 
expressions, which is distinct from brain regions devoted to face detection and prosody 
recognition. This study aims to examine the neural correlates of these responses by measuring 
changes in oxygenated hemoglobin (HbO) using functional near-infrared spectroscopy. Prosodic 
stimuli consisted of affective vocalizations of the sound “ah” produced in neutral, angry, and 
happy tones. Face stimuli were made by morphing the images of an actor making a happy and an 



angry face to create a continuum of faces that varied from 100% happy to 100% angry. These 
stimuli were used to create six conditions, allowing for the presentation of bimodal (face and 
voice) and voice only in all three prosodies. An additional face only condition was added to 
further contrast bimodal and prosodic influences in emotion perception. One-hundred and five 
channels of fNIRS data were acquired using a NIRx Medical Systems NIRScout Extended 
system. Data were processed in the SPM_fNIRS software package. Bimodal happy stimuli 
exhibited greater concentrations of HbO bilaterally in the temporal-parietal junction (TPJ) region 
when compared to the bimodal neutral condition, whereas bimodal angry stimuli were shown to 
have decreased HbO concentrations when compared to the neutral stimuli. Additionally, across 
conditions, bimodal stimuli showed decreased HbO in the posterior superior temporal sulcus 
(pSTS) of the right hemisphere when contrasted with the voice only condition. When compared 
to the face only condition, the voice only conditions exhibited greater activation in the 
supramarginal gyrus bilaterally, greater HbO concentrations in the somatosensory cortex of the 
left hemisphere, and increased HbO concentrations in the supplementary motor cortex of the 
right hemisphere. These findings indicate that a constellation of brain areas contribute to emotion 
perception, with TPJ and pSTS areas playing a key role in multisensory integration of emotion 
perception. 
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Abstract: While the right hemisphere has been shown to be preferentially involved in music, the 
precise roles of the individual cortical loci that underlie this lateralization are still being 



characterized. In a case study during an awake craniotomy, we found that electrical stimulation 
to a single locus in the right posterior superior temporal gyrus selectively interrupted singing but 
not speaking. We further characterized the role of this region with focal cooling during the 
production of simple sequences of either speech or singing. We found no noticeable defects in 
vocal quality or timing in either task. Unexpectedly, consistent pitch shifts were detected for 
spoken words but not singing. Identifiable changes in formants were detected in both vocal tasks. 
These results highlight the specialized processing of higher order vocal parameters in the right 
posterior superior temporal gyrus and suggest that a multi-modal approach is necessary for 
characterizing these factors. 
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Abstract: Sensorimotor integration for voluntary movements involves predictions that are used 
to optimize motor commands and to respond appropriately to sensory inputs. It is well 
documented, for example, that the central nervous system (CNS) modulates its response to self-
generated vs. externally-generated afferent inputs. In the speech domain, cortical responses to 
self-generated vocalizations are reduced in comparison with responses to a played-back version 
of the same vocalizations. Current theoretical models suggest that such sensory modulation 
during movement execution occurs when the CNS detects a match between predicted and actual 
sensory consequences. Using EEG recordings and probe stimuli delivered prior to speech onset, 
our own lab has repeatedly demonstrated that motor-to-sensory signals already start to modulate 
auditory processing during the planning phase that preceeds movement execution. In our basic 



paradigm, written words were presented on a screen, and we recorded long latency auditory 
evoked potentials (LLAEPs) in response to probe tones presented while the participant was 
planning to say the word out loud vs. a control condition with only silent reading. With a view to 
studying the phenomenon of pre-speech auditory modulation also in children, we have now 
developed a modified protocol that involves picture naming rather than word reading. In this new 
protocol, a probe tone is played after a picture is shown on a screen but before a green border 
appears around the picture. In ‘speaking’ blocks of trials, each picture is named when the green 
border appears, and in ‘no-speaking’ blocks of trials, each picture is viewed silently. LLAEPs are 
recorded to measure the auditory system’s responses to the probe tones. In a first experiment, we 
validated the new paradigm with a group of adult participants to ensure that the results could be 
directly compared with those from our prior studies. Findings confirmed that pre-speech auditory 
modulation during the picture naming task is indeed comparable to that previously observed 
during our word reading task. In a second experiment, we have started investigating whether the 
duration of a data collection session can be reduced - without negative effects on the ability to 
detect pre-speech auditory modulation - by presenting more than one auditory stimulus per trial. 
Again we are initially testing adult participants to avoid confounding age effects and protocol 
effects. Overall findings from these experiments with the novel picture naming task confirm its 
sensitivity for detecting pre-speech auditory modulation, and, thus, support its application in 
future studies with children as participants. 
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Abstract: The purpose of this pilot study was to evaluate the impact of vibration at the neck on 
healthy adults&apos; responses to a temporal perturbation of auditory feedback in order to 
further delimit the integrated role of somatosensory and auditory feedback on the on-going 
coordination of speech gestures. Monolingual, native speakers of English read sentences in four 



sensory feedback conditions: normal feedback, delayed auditory feedback, vibration at the neck, 
and delayed auditory feedback plus vibration. Vibrotactile stimulation resulted in a decrease in 
speaking rate, but speakers were otherwise fluent relative to the baseline condition. Delayed 
auditory feedback alone lead to a decrease in speaking rate, as well as an increase in overall 
number of speech errors, including sound, syllable and word-level repetitions. Combining 
vibration to the neck with delayed auditory feedback further decreased speaking rate and 
increased the number of speech errors, beyond what was observed for delayed auditory feedback 
alone. Results support previous research demonstrating phonatory/articulatory interactions and 
further establish a role for the perilaryngeal somatosensory system in the temporal coordination 
of speech. 
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Title: Orofacial somatosensory inputs enhance the change of speech perception induced by 
speech motor learning 
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1Haskins Labs. Inc, New Haven, CT; 2Gipsa-lab, CNRS, Saint Martin D'heres Cedex, France; 
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Abstract: Somatosensory input alters speech perception (Ito et al., 2009; Gick & Derrick 2009) 
even when listening to speech. One possible explanation is that during development, perceptual 
representations for speech are encoded from the integration of motor action and their auditory 
and somatosensory consequences. The resulting representations are sensorimotor in nature. As a 
result, somatosensory stimulation during speech perceptual discrimination is decoded as a 
change in motor action. To test this hypothesis, we focused on the change of speech perception 
induced by speech motor learning and examined whether a change in speech perception can be 
modified by additional somatosensory inputs associated with facial skin deformation. We tested 
native speakers of American English for the production and perception of /s/ and /sh/ consonants. 
For the speech training, subjects were asked to repeat the utterance ‘a shed’ under conditions of 



altered auditory feedback. The produced consonant sound /sh/ was feedback to the subjects with 
modulation of the spectral centroid frequency (Shiller et al., 2009). The spectral centroid was 
increased resulting in acoustic signal properties closer to those of /s/. During adaptation, 
somatosensory stimulation associated with facial skin stretch was synchronized with the 
articulatory motion for the production of /sh/. The direction of skin stretch was opposite to the 
primary direction of skin deformation for the production of the target consonant, /sh/. Perceptual 
discrimination testing using an /s/-/sh/ acoustic continuum was carried out prior to and 
immediately after speech training. In a control group of participants, skin stretch was not 
presented during a training session. The degree of the speech motor adaptation was quantified as 
a change in spectral centroid frequency of the target consonant /sh/. Perceptual discrimination 
was evaluated as a change in the detection threshold for the /s/ and /sh/ consonants. Both groups 
showed significant adaptation to the altered auditory feedback and change in the perceptual 
boundary between /s/ and /sh/ consonants. Most notably, we found that the perceptual shift in the 
skin-stretched group was greater than that in the control group indicating additional 
somatosensory input during training enhanced the perceptual shift induced by speech motor 
learning. The result suggests that speech production is linked to the perceptual processing of 
speech through somatosensation during learning. Moreover, the data provide support for speech 
perception as a sensorimotor process. 
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Abstract: Vocal fold paralysis can be treated by surgically connecting the paralyzed recurrent 
laryngeal nerve (RLN) to a branch of the ansa cervicalis. This procedure has a good success 
record in restoring voice, although results vary from patient to patient. This may be due to a 
variety of factors that have not been well studied. One of these may be the degenerative state of 



the paralyzed nerve, which can be investigated by histological studies. Morphometric 
measurements can be taken from these specimens which yield quantitative information about the 
nerve, including myelinated fiber counts, densities, packing, and g-ratio and fiber diameter 
distributions. This study describes the morphometric characteristics of paralyzed laryngeal nerve 
specimens and compares those to non-paralyzed nerves. RLN specimens from patients with 
unilateral RLN paralysis who underwent a laryngeal reinnervation procedure were processed 
using plastic embedding, sectioning, and staining techniques. High-power montage images were 
collected from each fascicle in the nerves and processed through custom LabVIEW-based 
programs to identify individual fibers. Morphometric parameters from each fiber were then 
collected using ImagePro Plus. Control data from RLN samples collected from laryngectomy 
specimens were also collected. Paralyzed nerves show varying degrees of degeneration. Overall, 
paralyzed nerves have significantly lower fiber counts, densities, and packing (percent of fascicle 
area occupied by fibers) than control nerves. Mean g-ratio values for paralyzed nerves were 
significantly higher than non-paralyzed nerves, indicating thinner myelination. Fiber diameter 
distributions were also significantly shifted towards smaller diameter fibers. It is unclear if this is 
due to a preferential loss of large diameter fibers, or a general loss of fibers followed by 
collateral sprouting during limited regeneration. Further analysis will compare the state of 
degeneration in the nerve to the amount of time between onset of paralysis and tissue collection. 
Morphometric data can also be compared with clinical data such as age, gender, cause of injury, 
laryngeal EMG, and voice outcome from reinnervation. This may provide insights into patient 
selection to improve the outcomes of laryngeal reinnervation for vocal fold paralysis. 
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Title: Unilateral molar tooth extraction induces changes in the number and morphological 
features of astroglial cells within mouse orofacial motor cortex 



Authors: T. WATASE1, D. TANG2, P. CHERKAS2, D. K. LAM2, S. BEGGS3, M. SALTER3, 
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Abstract: Background: We have shown in rodents that orofacial injury, including tooth 
extraction, is associated with functional plasticity in the orofacial primary motor cortex (oM) and 
trigeminal medullary dorsal horn neurons, and that the latter changes are associated with changes 
in the number and volume of medullary astroglial cells. Objective: To determine if changes 
occur in the number and 3D morphological features of astroglia in the oM following extraction 
of right maxillary molar teeth in mice. Methods: Under Isoflurane general anaesthesia, young 
female BXA-24 mice had either extraction of the right maxillary molar teeth or sham operation, 
and naïve mice had no treatment (n=5/group). Mice were fixation-perfused on day 21 following 
extraction or sham operation. Coronal cryosections (40µm) of the oM region were 
immunolabeled with anti-GFAP (an astroglial marker). Whole slides were scanned with an 
Aperio Scanscope at 20x magnification. CaseViewer and Panoramic software were used to select 
regions of interests (ROI) within layers 1-2 (600 x 75 µm2) and 5 (300 x 300 µm2) within the left 
oM of 5 slices/mouse, and the numbers of astroglial cells were counted manually. In addition, 3D 
Z-stack images were collected using a spinning disk confocal microscope equipped with 63x/1.3 
(water) objective lens, and Bitplane Imaris software was used to quantify the volume and 
morphological features of astroglial processes within ROIs in layers 1-2 (155 x 75 x 15 µm3) and 
5 (155 x 155 x 15 µm3) of the left oM. Statistical analysis used ANOVA followed by post-hoc 
Bonferroni, p<0.05 was considered statistically significant. Results: In comparison with naïve 
and sham mice, tooth extraction was associated with a significantly increased number of 
astroglia in layers 1-2 and 5 of oM (p<0.05), as well as increased surface area and volume of 
astroglial processes (p<0.01). Conclusions: Together with our previous published data, these 
novel findings suggest that astroglial cells are involved in the mechanisms underlying oM 
changes following tooth loss, and that oM astroglia may represent a potential novel target for 
modulating orofacial sensorimotor functions following orofacial injury. 
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Abstract: Vocalizations produced by a wide variety of organisms - including pinnipeds, 
songbirds, and humans - display a high degree of temporal regularity. We have recently 
demonstrated that the ultrasonic courtship vocalizations (“song”) of male mice also exhibit a 
characteristic rhythmic structure composed of stereotyped alternations between two temporally 
distinct call (“syllable”) types and three silent interval (“boundary”) classes (Castellucci et al. 
2016, Sci. Rep., 23305). In the present study, we demonstrate that this rhythmic structure is an 
archetypal characteristic of wildtype (C57Bl/6J) song, and the temporal features of syllables as 
well as bouts of syllables are extremely stable across mice. We also observed distinct temporal 
signatures in syllables adjacent to boundaries and transitions between syllables types, indicating 
that this vocal rhythmic structure may be planned to some extent by the motor system. We have 
also begun examining motor coordination during vocalization production using freely moving 
plethysmography and vocal tract electromyography to better understand the articulatory 
strategies used in syllable and boundary production. For example, we have determined that 
different boundary types are articulated with distinct patterns of respiratory activity. Finally, 
despite the high degree of stability in the temporal organization of vocalizations across mice, we 
found that disruptions in Foxp2 expression and lesions to the cerebellum result in temporal 
defects in song production. Interestingly, the speech of humans with mutations in the FOXP2 
gene or damage to the cerebellum also displays timing and prosodic irregularities, suggesting 
that the study of the murine vocalization production system may prove to be a valuable model in 
which to study the biological basis of temporal organization in speech and diseases that affect it. 
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Abstract: DNA damage occurs throughout the entire lifetime of neurons due in part to their high 
rates of oxygen metabolism, post-mitotic state and relatively long life span. Some damage may 
have an evolutionary function; however, the majority of the damage occurs spontaneously and 
can alter key cellular function contributing to pathology. DNA double-strand breaks are a type of 
molecular lesion in which the double helix structure is physically broken at specific genomic 
loci. While DNA double-strand breaks are widespread in developing and mature nervous system 
landscapes, deficiencies in repair of nuclear and mitochondrial DNA damage have been linked to 
several neurodegenerative disorders, including Parkinson’s disease (PD). The objective of the 
present study is to use the animal model of PD, the PIT3X mouse, to address the issue of DNA 
double-strand breaks in the brain. In addition, we address the extent of DNA double-strand 
breaks in the tongue as structural and nuclear changes are widespread in PD, including cell 
pathways involved with energy sensing and metabolic control. It should be noted that the tongue 
is heavily involved in the physiology of perception, with emphasis on gustation and 
chemesthesis. In addition, electrical signals from the tongue yield sustained activation within the 
medial orbito-frontal cortex and hippocampus, indicating a reward response. In this context, PD 
patients often present with deficits in olfactory and gustatory sensing along with core motor 
features of the disease, including tremor, bradykinesia and muscle rigidity. These findings 
suggest that the ability of the tongue to probe calorie content and taste signaling may be 
diminished in PD as a result of excessive DNA double-strand breaks. Indeed, our preliminary 
results indicate that the hippocampus and tongue of PIT3X mice appear to differ in their relative 
load of DNA double-strand breaks from that of healthy control C57BL/6J mice. Further insight 
on the relative contribution and potential synergies of the brain and tongue to PD pathology is 
needed to refine applicable programs of therapy for this particular neurodegenerative disease. 
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Title: Ankle impedance modulation evoked by imposed inversion/eversion stiffness during 
locomotion 
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Abstract: As a distal joint, the ankle is responsible for mechanical interaction between the 
human body and the ground. Previous research showed that humans modulate ankle mechanical 
impedance during walking: for most of the swing phase, ankle impedance is low, but it increases 
towards the end of the swing phase prior to heel-strike, when its action resembles a ‘shock 
absorber’. However, previous research also showed that the human ankle is especially weak and 
compliant in inversion, consistent with the prevalent direction of ankle sprains. In this study we 
examined the effect of externally-applied inversion/eversion (IE) stiffness, both stabilizing 
(positive) and de-stabilizing (negative), with applications to the treatment of chronic ankle 
instability. The experiments studied healthy subjects walking on both a treadmill and overground 
while a wearable ankle robot imposed a programmable IE stiffness. During locomotion, the robot 
recorded the knee angle profile and ankle excursions in the IE and DP (dorsi/plantarflexion) 
directions. Muscle activity was recorded from Tibialis Anterior, Peroneus Longus, 
Gastrocnemius, and Soleus using surface electromyography (EMG). Pressure sensors under the 
heel and toes identified the heel-strike and toe-off phases of the gait cycle. Trials were divided 
into four five-minute epochs, administering neutral, positive, and negative stiffness in the IE 
direction only; no external stiffness was applied in the DP direction. Each epoch allowed for 
sufficient time to assess immediate response and possible adaptation to the imposed stiffness. 
First, zero stiffness was applied to establish a baseline. Subsequently, positive stiffness (40 
Nm/rad)—analogous to walking with an IE brace—was applied. IE stiffness was then returned to 
zero to assess the persistence of any adaptation. Next, IE stiffness was decreased to a negative 
value (-10 Nm/rad)—analogous to walking on a thin pipe. Lastly, the imposed stiffness returned 
to zero to assess the persistence of any adaptation induced by the negative stiffness. As expected, 
imposing positive IE stiffness evoked a decreased range of IE motion but did not affect range of 
DP motion. Imposing negative IE stiffness evoked an increased range of IE motion. Remarkably, 
it also evoked a reduced range of DP motion, consistent with increased neuromechanical 
stiffness in both DP and IE. The latter may be due to restoring the stability margin reduced by 
the negative external stiffness, the former due to coupling between degrees of freedom. These 
results suggest that maintaining adequate ankle stiffness is an important aspect of human 
locomotion and may have implications for robot-aided locomotion therapy. 
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Abstract: Background: A healthy sensorimotor system maintains spatial parameters (step-
length and step-width) within a range of variability during walking. It has been seen that the 
influence on spatial variability is direction-dependent such as when walking in the anterior-
posterior plane (forwards), step-length is consistent while the orthogonal, step-width, is 
significantly more variable. Consequently, when walking in the sagittal plane (sideways) there is 
a reversal of this variability. This has led to the inference that orthogonality of balance control, 
indicated by the characteristic orthogonality of movement variability during walking, is governed 
by the direction of progression. However, it is not clear how visual flow information affects this 
orthogonality. Methods: Participants walked on a treadmill while wearing a virtual reality (VR) 
headset. Once a preferred walking speed was established (PWS) for both anterior-posterior (AP) 
and medial-lateral (ML) walking, familiarization trials with the headset were performed in the 
AP and ML directions. Subsequently, participants randomly performed 8 trials - 4 VR conditions 
in each of the two directions. The VR conditions consisted of walking in a VR corridor that 
provided: AP optic flow (OF), ML OF, diagonal OF, and an Oscillating OF. Coefficient of 
variation was calculated for step-length and step-width. Results: The effect of walking direction 
led to a ten-fold increase in variability in the orthogonal direction. The effect of VR was the 
following: In comparison to the congruent OF conditions (i.e., OF in AP for AP walking and ML 
for ML walking), walking trials with the orthogonal OF showed a 6.6% increase, the diagonal 
OF, a 0.6% increase, and the oscillating OF, an 8.6% increase in COV. Discussion: During trials 
with conflicting locomotor and OF directions there was an increase in variability between steps. 
This shows the importance of reliable visual perception of self-motion for maintaining balance 
control during dynamic tasks such as walking. 
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Title: Effects of hand posture on corticospinal excitability to trunk muscles 
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Abstract: Trunk muscles are critical for the successful performance of many daily tasks. They 
maintain postural equilibrium in response to external and internal perturbations, such as upper 
limb movements. We have shown that corticospinal excitability to the trunk muscles is increased 
during dynamic shoulder flexion indicating interactions between the neural pathways controlling 
upper limb and trunk muscles in a postural task. Further, we have shown that increases in trunk 
corticospinal excitability also occur during static contractions of certain upper limb muscles. 
Whether cortical input to trunk muscles can also be facilitated during functional hand 
movements, in which the postural disturbance is less, is unclear and was the purpose of this 
study. 
Twenty healthy subjects (mean [SD] age 22.1 [1.1] years; 12 male, 8 female) performed static 
hand tasks with varying grips (power, precision) and postures (neutral, pronated, supinated) with 
the dominant hand. Transcranial magnetic stimulation at an intensity of 120% of active motor 
threshold was delivered to the primary motor cortex targeting the hotspot for the contralateral 
erector spinae (ES) during the tasks. The resulting motor evoked potentials (MEPs) in ES were 
recorded using electromyography (EMG). ES MEP amplitudes during different tasks were 
normalised to a control task to allow inter-subject comparisons. Pre-stimulus EMG recorded 
from the ES was matched across all tasks to ensure consistent levels of motoneuron excitability. 
The normalised ES MEP amplitudes were higher for the neutral hand posture (112.61±9.06%), 
than the supinated posture (97.77±9.23%) during a power grip (p<0.01). There were no 
differences in MEP amplitudes between postures for the precision grip. Further, there were no 
differences for a given posture between grip types (p>0.05). These findings suggest that crossed 
facilitation exists between hand and trunk muscles and grasping with different hand postures 
may have distinct effects on trunk corticospinal excitability. The clinical implications of the 
current findings include rehabilitation, where improvements in trunk control in people with 
deficits in trunk control such as stroke and spinal cord injury, using repetition of hand 
movements, might be possible. 
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Title: Effect of co-contraction on cortical excitability of lower limb musculature 
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Abstract: INTRODUCTION: Transcranial magnetic stimulation (TMS) has been extensively 
used to evaluate corticospinal circuitry, but the majority of studies have investigated upper 
extremity musculature. There is a paucity of investigations on lower limb muscles, and on how 
methodological aspects such as agonist or antagonist activation influence TMS-evoked 
responses. Here, our objective was to evaluate the effect of agonist-antagonist co-contraction on 
TMS-evoked motor evoked potentials (MEPs) recorded from the tibialis anterior (TA) muscle.  
METHODS: 13 young, neurologically-unimpaired adults (3 male, 10 female, ages 23-35 years) 
participated in this study. TMS pulses were delivered at 120% resting motor threshold over the 
TA hotspot, and TMS-evoked MEPs were recorded from the TA muscle using surface 
electromyography (EMG). Three conditions were tested: TA and soleus at rest (Rest), TA 
activated at 10% maximum EMG activation (Agonist-on), and both TA and soleus activated at 
10% of maximal activation (Co-contraction). Paired t-tests were performed to compare TA 
MEPs as well as pre-stimulus background EMG amplitude during the rest and co-contraction 
conditions with the Agonist-on condition.  
RESULTS: Comparison of background EMG amplitudes confirmed that the TA background 
activation was greater during Agonist-on and Co-contraction versus Rest. There were no 
differences in TA background EMG during the Agonist-on versus Co-contraction conditions. 
Compared to the Rest and the Agonist-on conditions, TA MEP amplitudes were significantly 
greater during the TA-soleus Co-contraction condition (p<0.05). Ongoing analysis is exploring 
whether cortical excitability of proximal lower limb muscles (e.g. quadriceps) are influenced by 
co-contraction at the ankle joint. 



DISCUSSION: Our results suggest that during the measurement of TMS-evoked MEPs, 
agonist-antagonist co-contraction may have potential as a testing condition that provides 
enhanced cortical excitability and more controlled muscle activation states. Greater cortical 
excitability observed during the Co-activation condition may be caused by several factors. Co-
activation may require greater cognitive effort and cortical activation. Additionally, previous 
studies suggest that TA and soleus may have overlapping cortical representations. Furthermore, 
due to the location of the lower extremity M1 deep within the inter-hemispheric fissure, both the 
TA and soleus corticomotor-neurons may be activated by suprathreshold TMS. Future studies 
will determine to what extent aging, neurologic impairment, and gait training influence the 
effects of muscle activation on cortical excitability. 
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Abstract: Objective:Clinical observations that supratentorial lesions often impair postural 
balance suggested an important role of the cerebral cortex in human bipedal postural control. 
Accordingly, concurrent cognitive task (dual-task) often leads to impaired performance of 
postural or gait task in elderly people. However, several studies have shown that postural 
stability is improved under dual-task condition in younger people. These paradoxical findings 
raise a question about the cortical role for the human postural control. To investigate the cortical 
mechanisms for this paradoxical finding, we directly assess the postural task related cortical 
activation using functional Near infrared spectroscopy (fNIRS) system. Methods:We recruited 
15 healthy young subjects. For the postural task, we applied brisk forward and backward 
translations of a platform as a perturbation. Fourteen perturbations were delivered with 
randomized intervals of 10-18 s. For the cognitive task, we asked the subjects to perform flanker 



task in the upright position. For the dual task, they performed flanker task between perturbations. 
As a measure of balance ability, the cumulative displacement of the position of the center of 
pressure (COP) during three seconds around the perturbation. To detect task-related cortical 
activation, statistical analysis using general-linear model were performed with Oxy-Hb based 
signal. Results:Multi-subject’s analysis of Oxy-Hb signals showed that prefrontal cortical areas 
in both hemispheres as well as the left supplementaly motor area significantly activated in simple 
postural task than dual-task . On the other hand, there was no area more activated in dual-task 
than simple postural task. In behavioral analysis, mean COP sway by perturbations was smaller 
in dual-task than simple postural task. Conclusions:Our findings suggested the better postural 
control in dual-task condition would associate with the smaller cortical activation, But there 
would be several possible interpretation including less cortical demand lead to more automatic, 
reflexive postural control resulting in better postural control, or predictive recruitment of the 
cortical resource for upcoming perturbation would reduce task-related cortical activation in dual-
task condition. 
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Abstract: Voluntary use of the upper limb muscles in a static isometric contraction has 
previously been shown to increase corticospinal excitability to the trunk muscles, known as 
crossed-corticospinal facilitation. These interactions may underlie the postural adjustments 
associated with upper limb movements. Evidence exists that an alternating dynamic task 
significantly increases the corticospinal excitability of upper limb muscles over an EMG 
matched static equivalent. Whether an alternating dynamic task produces similar increases in 
crossed-corticospinal facilitation in muscles of the trunk has not been studied. The aim of this 



study was to determine whether the corticospinal excitability of the trunk muscles during a 
continuous unimanual cycling task differs to the excitability seen in a static upper limb task. 
20 healthy subjects (mean [SD] age 23.6 [5.8] years) performed a dynamic task (forward arm 
cycling at 60 revolutions per minute), a static task (exerting force on the locked pedal) and a 
control task (hands resting on the thighs). EMG activity was recorded from the contralateral 
erector spinae (ES) at the T12 vertebral level and rectus abdominis (RA) and from biceps brachii 
(BB) and the triceps brachii (TB) of the cycling arm. Transcranial magnetic stimulation was 
applied to the hotspot for ES over the primary motor cortex at the pedal position corresponding 
to maximal BB EMG (6 o’clock position) and maximal TB EMG (12 o’clock position). 
Prestimulus EMG in ES was matched within the 3 tasks for the different pedal positions. 
The study demonstrated that the size of MEPs for ES in dynamic and static tasks were 
significantly larger than the control in the 6 o’clock pedal position, but there were no significant 
differences in ES MEPs in the 12 o’clock pedal position. This is in-keeping with a recent study 
suggesting that crossed corticospinal facilitation between the upper limb and the trunk is 
increased in a static isometric BB contraction but not in a static TB contraction. Our results 
suggest that for a task with minimal postural requirement, the corticospinal excitability of the 
trunk muscles is independent of contraction type of the upper limb muscle. This could have 
implications for development of rehabilitation programmes in subjects with impaired trunk 
control, such as spinal cord injury or low back pain. 
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Authors: *J.-P. SOUCY1,2, F. STARRS3, C. PAQUETTE4;  
1Montreal Neurolog. Inst., Montreal, QC, Canada; 2PERFORM Ctr., Concordia Univ., Montreal, 
QC, Canada; 3Kinesiology and Physical Educ., 4McGill Univ., Montreal, QC, Canada 

Abstract: Introduction: Steering of gait is an essential element of goal-directed locomotion 
involving a high degree of sensorimotor integration. Gait steering and directional changes while 



walking are complex tasks which place a significant burden on the CNS, especially as 
individuals age and are affected by a variety of neurological diseases. Current concepts on 
control of ambulation propose that steering of gait and straight walking are supervised by distinct 
neuronal networks. fMRI studies in subjects imagining they are walking found that volitional 
goals (steering) originate from SMA which then modulates more automatic brain stem structures 
controlling straight walking via basal ganglia loops. Of course, such protocols do not involve 
actual walking and cannot account for sensory-motor integration. Therefore, the aim of this 
study is to identify the neuronal networks involved in the control of gait (straight walking versus 
upright standing) and steering of gait (steering of gait versus straight walking) in young healthy 
subjects using 18F-fluorodeoxy-glucose (18F-FDG) Positron Emission Tomography (PET). It is 
hypothesized that superior parietal and sensorimotor regions will be activated during steering of 
gait and that occipital areas and supraspinal structures will be activated during straight walking. 
Methodology: 18F-FDG-PET was used to assess rCMGIc in 7 healthy subjects (mean age= 25). 
On testing days, subjects performed 1 of 3 motor tasks for 40 minutes immediately after tracer 
injection (approx. 150 MBq of 18F-FDG): 1) steering of gait, 2) straight walking and 3) upright 
standing. Image acquisition started ~15 minutes after task completion. Straight walking images 
were subtracted from steering of gait images and upright condition images were subtracted from 
straight walking images. Regions showing significant increases or decreases in glucose 
metabolism were thresholded at p < .05, and corrected for multiple comparisons. Results & 
Conclusions: During steering of gait, our subjects showed consistent activation of the 
intraparietal sulcus, sensorimotor cortex and cerebellar vermis. The straight walking network for 
its part showed recruitment of the visual areas of the occipital lobe, sensorimotor cortex and the 
cerebellar vermis. 
18F-FDG-PET allowed for measurement of whole-brain activations during complex locomotor 
tasks and showed consistent steering of gait and straight walking neural networks. Information 
on the integration of sensory information with motor controls in controls is crucial for 
developing rehabilitation therapies for pathological populations and understanding the 
compensatory mechanisms of normal aging. 
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Title: Activity of the subthalamic and pedonculopontine nuclei during initiation of gait: an 
electrophysiological approach in humans. 
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Abstract: Humans share locomotion with all vertebrates, a capacity relying on a 
phylogenetically conversed neuronal network able to autonomously organize the locomotor 
pattern in relationship with internal and external constraints. It involves the central pattern 
generators at the spinal level, the mesencephalic locomotor region (MLR), that includes the 
pedunculopontine (PPN) and the cuneiform nuclei, at the brainstem level, the basal ganglia, the 
cerebellum and various, mainly fronto-parietal, cortical areas. In cats, electrical or chemical 
modulation of the neuronal activity of the MLR, the subthalamic nucleus area and the cerebellum 
provokes locomotor activity and postural tone changes. In humans, imaginary of gait triggered 
gait-specific activity in the PPN neurons, but no or few changes in the subthalamic nucleus 
(STN). To further decipher the role of the PPN and the STN in the human locomotion and 
postural control, we recorded the neuronal activity of these structures during real bipedal gait in 
patients with deep brain stimulation (DBS) electrodes. We recorded local field potentials (LFP) 
during gait initiation in 26 patients with Parkinson’s disease (PD) implanted bilaterally for STN 
(n=22) or PPN (n=4) DBS, and 2 patients with obsessive compulsive disorders (OCD) implanted 
bilaterally for STN-DBS. Gait initiation, that comprises a preparatory postural phase and an 
execution phase, was quantified by coupling kinetic, kinematic and electromyographic 
acquisitions. In both PD and OCD patients, we observed STN neuronal activity modulations 
during the gait initiation with i) a synchronization in the theta-alpha band during the preparatory 
phase, ii) a desynchronization in the beta band that started at the preparatory phase , iii) an 
increased theta-band and gamma synchronization for the first and following steps preparations. 
In PD patients, the gait initiation process differently affected PPN neuronal activity with an 
increased synchronization in the alpha and gamma bands that started at the time of the first step 
execution, and the following steps, with no significant changes during the preparatory phase. 
These results may suggest that, in human, the STN is mainly involved in the preparatory phases 
and the PPN in the rhythmic stepping activity during locomotion. 
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Abstract: Walking while simultaneously performing another task requires divided attention, eg. 
holding a cup without spilling. Stability control during gait alone requires attention, which may 
be compromised as the cognitive demand increases. Our primary goal was to investigate neural 
correlates associated with increased attentional demands when holding a hot coffee/tea cup 
versus a cup of room-temperature water while walking using functional near-infrared 
spectroscopy (fNIRS). Healthy young adults (n=11) and a stroke participant walked on a 3m 
long force-sensing treadmill (CMill, Motek-Forcelink). Cortical activation was acquired with a 
NIRScout system (NIRx) using a custom-built cap covering the frontal cortex. The protocol 
included repeated block trials consisting of four alternating blocks of standing (20s) and walking 
(25s) at a comfortable speed determined prior to the experiment. Five walking trials were 
performed, each consisting of four randomized conditions including holding a Styrofoam cup 
that was empty or filled with water, jelly or hot liquid. Participants held the cup in the dominant 
or non-paretic hand. The cortical hemodynamic response was quantified by concentration 
changes of oxygenated hemoglobin (oxyHb) in the frontal cortex. Cortical response maps were 
determined based on the general linear model using SPM (nirsLAB) by dividing the walking trial 
in three different time segments, acceleration, steady-state walking and deceleration. In healthy 
controls, walking while holding a hot beverage was associated with an increased activation of the 
dorsolateral prefrontal cortex (DLPFC) only during the acceleration and deceleration phase. In 



addition, the comparison of walking with a liquid medium (water/coffee/tea) vs a semi-liquid 
medium (jello) resulted in activation of SMA and DLPFC during acceleration and steady-state 
walking phase. On the other hand, comparison of walking with water vs jello in stroke 
participant results in cortical activation of lesioned as well as contralesional hemispheres. During 
acceleration, DLPFC of the lesioned hemisphere showed increased activation while steady-state 
walking was associated with increased activation of the contralesional DLPFC. The deceleration 
phase showed bilateral activation of the prefrontal cortex. The results of the study suggest that 
walking with a hot beverage increases priority on attentional demands which are associated with 
activation of the prefrontal cortex during different phases of dual-task locomotion. 
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Abstract: Human bipedal balance control is importantly dependent on rapid reactions to internal 
or external perturbations to stability. It is now believed that a distributed network is involved in 
such reactive balance control with a potential role for the cerebral cortex. Our potential 
understanding of the role of cortical regions during balance control will benefit from 
identification of both functional segregation and neural integration/connectivity. Previous EEG 
studies have shown that a whole body balance perturbation results in a negative potential (N1) 
that peaks around 100 ms after the perturbation onset and is widely distributed across fronto-
central-parietal areas. In addition, an evoked N1 potential also exists during automatic balance 
reactions that occur continuously when one is standing still and is widely distributed across 
fronto-central-parietal areas. The widespread distribution of N1 during static and dynamic 
reactive balance control leads to speculation that an integrated activity of different neuronal 
assemblies might generate N1 rather than a single dipole. Hence, this study aims to explore the 
EEG functional connectivity linked to the N1 by examining the event-related phase coherence 
between pairs of 30 EEG electrodes recorded during reactions to external balance perturbations 



and internal perturbations during standing still. Twelve young healthy adults performed 30 sec of 
quiet standing (Tandem Romberg stance) on a force plate. Another twelve young healthy adults 
performed feet-in-place balance reactions to temporally unpredictable whole body perturbations 
evoked by releasing the cable of a lean and release system. The grand average connectivity 
matrix revealed that a robust functional connectivity exists between fronto-central-parietal areas 
in theta (4-6 Hz), alpha (8-12 Hz), and beta (14-30 Hz) frequency bands during perturbation-
evoked N1 and natural instability-evoked N1. These results are compatible with the idea that 
integrated activity of different neuronal assemblies segregated in frontal, central, and parietal 
cortical areas might be involved in generating complex reactive balance control strategies. 
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Abstract: Aging is associated with declines in sensorimotor and cognitive functioning. Further, 
older adults often recruit additional cognitive resources to perform a sensorimotor task and/or to 
reach youth-like motor performance levels. This becomes especially apparent in situations when 
a person has to perform more than one task simultaneously (so-called dual- (DT) or multi-task 
situations). In this line, proprioceptive acuity, especially in lower limbs, has been shown to 
decline with increasing age and to require more cognitive resources. Proprioceptive information 
from the mechanoreceptors is necessary for the performance of successful movements. Changes 
in proprioceptive acuity may contribute to an enhanced risk of falling and lead to restrictions in 
everyday life. 
Lifestyle factors, like regular physical activity are proven to benefit motor and cognitive 
performance in older adults. Also lower limb proprioceptive acuity seems to be higher in persons 
who are physically active (Ribeiro and Oliveira, 2010). Whether this finding applies to older 
adults under DT conditions as well is unclear. 
We investigate proprioceptive acuity under single-task (ST) and DT conditions in a sample of 50 



older adults between 65 and 75 years of age. Further, we analyze whether baseline activity level 
has an influence on proprioceptive acuity. Physical activity is measured with an adapted version 
of the IPAQ (international physical activity questionnaire). Proprioceptive acuity is assessed by 
an ankle position-matching task under ST and DT conditions. Under DT conditions, the 
matching task is performed simultaneously with a Random Number Generation Task (Albinet et 
al., 2006) in order to determine the attentional costs of proprioceptive acuity. 
We expect that persons who are regularly physically active, reach better performance in the 
proprioceptive and cognitive tasks under ST conditions and further exhibit less DT costs during 
the motor and cognitive tasks under DT conditions. The early recognition of declines in 
proprioception may contribute to prevent falls in the future. Further, insights into the relationship 
between physical activity and processing of proprioceptive acuity may provide important 
insights for exercise recommendations for older adults. 
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Abstract: A better understanding of the control of bipedal locomotion can contribute to the 
development of programs for enhancement of human function and performance. Researchers 
within e.g. neuroscience, physiology, and psychology have investigated an intriguing long-
standing question: Why do humans spontaneously shift from walk to run, at a certain point 
during gradually increasing velocity? (1, 2). To investigate this, we recruited 26 healthy 
individuals (19 men and 7 women of age, height, and body mass of 26.3±5.4 years, 1.78±0.08 m, 
and 75.2±10 kg, respectively) for treadmill walking and running. We showed that calculated 
stride frequency at walk-to-run transition (70.6±3.2 strides per min) agreed with transition stride 
frequency (70.8±3.1 strides per min) predicted from stride frequencies occurring during 
behaviourally natural conditions of walking and running at freely chosen velocities and stride 
frequencies. The two stride frequencies used for prediction were considered attractors. And the 
prediction was that gait is shifted to running at the point where the walking stride frequency 



starts to get closer to the running attractor than it is to the walking attractor. Agreement was 
based on Bland & Altman’s statistics for assessing agreement between two methods (3). 
Previous research has focussed on transition velocity (1, 2) and optimisation theories based on 
minimisation of e.g. rate of energy turnover (4) or biomechanical loadings of the legs (5). The 
previously reported coincidence between energetically optimal and freely chosen stride 
frequencies in locomotion could reflect evolutionary development rather than deliberate motor 
control prioritising minimisation of energy turnover. We propose the central phenomenon of 
walk-to-run transition to be attributed to the following. Based on a dynamical systems approach, 
attractors in form of stride frequencies during behaviourally natural gait conditions (here, 
walking and running at freely chosen velocities and stride frequencies) occur. The attractors 
possibly reflect outputs from a non-hierarchical tripartite system consisting of spinal central 
pattern generators, their supraspinal input, and their sensory feedback. During walking at 
increasing velocity, gait is shifted to running at the point where the walking stride frequency 
starts to get closer to the running attractor than it is to the walking attractor. References: 1) Kram 
R et al. 1997 J Exp Biol 200, 821-826. 2) Diedrich FJ & Warren WH 1995 J Exp Psychol Hum 
Percept Perform 21, 183-202. 3) Bland JM & Altman DG 1986 Lancet 1, 307-310. 4) Alexander 
R 2002 Am J Hum Biol 14, 641-648. 5) Ranisavljev I et al. 2014 Hum Mov Sci 38, 47-57. 
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Abstract: Background: Postural control studies suggest that primary motor area (M1) is 
responsible for volitional movement execution while supplementary motor area (SMA) plays a 
role in postural preparation. Support for the role of SMA in postural control would be provided 
by determining functional connectivity and establishing greater connection of SMA to critical 
postural control areas compared to M1. Both M1 and SMA have direct projections to the spinal 
cord, thus muscle representational maps can be obtained using transcranial magnetic stimulation 
(TMS). However, motor representational maps do not identify what brain areas are connected to 



M1 and SMA. Resting-state functional magnetic resonance imaging (rs-fMRI) can be used to 
identify muscle-specific neural circuitries.This study will compare whole-brain functional 
connectivity (FC) of SMA and M1 representational areas of external oblique (EO) to gain insight 
into the differential function of SMA and M1 in the control of this muscle. Purpose: Determine 
the location of EO cortical representation and explore resting state (rs) FC in SMA and M1 
among healthy adults. Methods: 13 adults participated. TMS mapping of M1 and SMA was 
conducted. MEP amplitudes for EO determined the Center of Gravity (CoG) in both M1 and 
SMA. The MNI coordinates of EO CoG in SMA and M1 were used to explore FC of these areas 
utilizing rs-fMRI. Results: MEPs were elicited consistently in M1 and SMA. MNI coordinates 
for EO CoG were determined for M1 and SMA. FC analysis demonstrate that anterior cingulate, 
basal ganglia and cerebellum are more connected to SMA; Prefrontal, precuneus, and parietal 
cortex are more connected to M1. Conclusion: While EO is represented in both SMA and M1, 
these representations are not functionally equivalent in their interaction with the rest of the brain. 
Therefore, SMA and M1 may play distinct roles in the control of this postural muscle. Greater 
connectivity of SMA to basal ganglia and cerebellum compared to M1 can support the distinct 
role of SMA in postural control. 
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Abstract: Complex motor skills, such as those involving sequencing, must be learned through 
repeated practice. In piano training, it is common to practice the left and right finger sequence 
separately before playing with both hands. Footwork sequence (e.g., for dancing) is usually 
practiced with both legs instead. Here we tested whether a learned bilateral step length sequences 
could be decomposed into individual leg components. If the sequence components were stored 
separately (unilaterally), then the two could be flexibly combined to produce new (untrained) 
bilateral walking patterns. In addition, we hypothesize that inter-limb transfer will occur if 



learned sequences were stored as high-level task variables that could be implemented with either 
leg. Methods: Walking was challenged by presenting visual stepping targets displayed on a 
screen in the front of the treadmill. Subjects had to take different step lengths (i.e., short, medium 
or long) to hit the targets. Training consisted of both random blocks (with no repeating sequence) 
and sequence blocks (Figure 1a). Three groups of subjects were tested. The training sequence 
(A) was the same for all groups, while the transfer sequence (B) was different between groups 
(Figure 1 b). The difference in block performance was interpreted as sequence-specific learning 
(A3 - R3 and B3 - R4) and sequence-specific transfer (B1 - R3 and A4 - R4). Results: There was 
complete transfer of learning when the left and right sequences were shifted to create a new 
bilateral sequence (Group 1). There also complete transfer of learning when the left and right 
sequences were switched between legs (Group 2). There was incomplete transfer when the left 
and right sequences were changed (Group 3). In conclusion, the results observed in the present 
study suggested that unilaterally sequence components were learned and stored, and that inter-
limb transfer learning is mediated at a higher level allowing the task to be executed with either 
leg. 
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Abstract: Background: Control of walking involves a balance between “automatic” (primarily 
sub-cerebral) and “executive” (cerebral) control strategies. Executive control has a major role in 
real-time gait adaptations and may also serve an additional compensatory role for control of 
basic walking if automaticity is impaired. This compensation could compromise the safety of 
walking because executive control is attention demanding, slow, and susceptible to interference. 
New insights into the executive control of walking are possible with the use of functional near 
infrared spectroscopy (fNIRS), which allows for cortical neuroimaging during natural 
movements. We hypothesize that individuals with mobility deficits will exhibit greater reliance 
on executive control during walking, as measured by prefrontal cortex activation. Methods: 
Participants included 14 adults post-stroke with moderate/severe mobility deficits, 15 elderly 
adults with mild mobility deficits, and 9 young healthy adults. fNIRS was used to measure 
prefrontal cortex activation during four walking tasks: typical walking, walking over obstacles, 
walking in dim lighting, and a dual-task condition of walking plus a verbal fluency task. 
Participants with stroke were also assessed with the Activities Specific Balance Confidence 



Scale and the Fugl-Meyer Assessment of lower extremity function. Results: Prefrontal activity 
during walking showed a main effect of group (p<0.001) and task (p<0.001), with stroke > 
elderly > young. Furthermore, lower functioning stroke participants exhibited greater prefrontal 
activity than higher functioning stroke participants when subgroups were defined by either the 
Fugl-Meyer score (p=0.011) or the balance confidence score (p=0.006). Prefrontal/executive 
reserve capacity, as quantified by the difference in prefrontal activity between dual-tasking and 
typical walking, was lower in the elderly and post-stroke participants (p=0.003). Conclusions: 
Executive control of typical and complex walking tasks is increased in individuals with mobility 
deficits, as indicated by greater prefrontal cortical activity. Increased use of executive control is 
likely a compensation for impairment in neural circuits of locomotor automaticity. Assessing 
locomotor control strategies with fNIRS is a promising direction for objective assessment of 
impairment and recovery in humans with mobility deficits. 
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Abstract: The increase in trunk muscle activity prior to rapid movement of the upper limbs is 
termed anticipatory postural adjustments (APAs). Since APAs occur within a time window 
considered too fast to be a result of afferent feedback, it has been suggested that they are 
controlled in part by cortical mechanisms. This is substantiated by our previous work showing 
increases in corticospinal excitability of trunk muscles at time points closer to the initiation of 
rapid arm movements. However, the neural mechanisms modulating these increases in 
corticospinal excitability of the trunk muscles remain unclear, and were therefore investigated in 
the present study. Twenty healthy subjects performed rapid shoulder flexion in response to a 
visual cue while standing. Electromyographic (EMG) activity was recorded from the anterior 



deltoid (AD) and erector spinae (ES) at the T12 vertebral level. Non-invasive cortical and 
cervicomedullary stimulation were used to examine motor evoked potentials (MEPs) and the 
activity of intracortical inhibitory circuits (short-interval intracortical inhibition, SICI) measured 
from the ES. Stimuli were given at rest, and at two time points (75ms and 25ms) prior to the 
expected increase in EMG activity of the AD; this was calculated using a recognition reaction 
time task prior to experimentation. Compared to those at rest, MEPs in the ES were similar at 
75ms prior to the increase in AD EMG but were larger at 25ms prior to the increase in AD EMG. 
In addition, at 75ms, SICI was comparable to that at rest, but at 25ms, was significantly reduced. 
In contrast, cervicomedullary MEPs in the ES remained unchanged across time points. Our 
results suggest that the increase in corticospinal excitability of the ES during the APAs are 
modulated at a cortical level. These findings not only provide insight into the neural mechanisms 
of APAs in the trunk muscles, but also highlight the importance of using functional task training 
in subjects with deficits of postural control such as lower back pain and stroke. This may be 
relevant in the development of rehabilitative strategies for such conditions. 
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Abstract: Upright balance equilibrium relies on complex processing and integration of 
information arising from visual, somatosensory and vestibular cues. However, little is known 
about the subcortical and cortical structures that are active with respect to reactive postural 
control. The purpose of this study was to elucidate the active brain areas related to whole-body 
surface translations and to determine whether the activity of these localized cortical and 
subcortical areas is depressed during a dual task compared to a single task paradigm. This study 
utilized high-density electroencephalography in conjunction with independent component 
analysis, dipole location, and measure projection analysis from event-related potentials (ERPs) 



time-locked to backwards surface translation onsets to determine which cortical or subcortical 
structures were active when performing reactive postural control. Participants (n = 15) either 
reacted to whole-body surface translations while performing a visual working memory task (dual 
task) or standing quietly (single task). During the single task, activity was localized to the 
following sources: somatosensory, motor, spatial processing, conflict and error detecting areas. 
Interestingly, activity related to the perturbation onset shifted to more somatosensory association, 
spatial, navigation and memory processing and visual and auditory processing areas and less 
error detecting areas during the dual task. Further, mean absolute N1 ERP amplitudes from brain 
areas active during both tasks were significantly attenuated during the dual-task compared to the 
single-task paradigm. Overall, our results indicate additional frontoparietal area activity, related 
to spatial attention and memory, and less activation within areas related to error-detection for the 
dual compared with single task. These results provide evidence of resource re-allocation within 
the cortical and subcortical structures in the presence of a dual task compared with a single task. 
Thus, we emphasize here that reactive postural control activity displays distinct patterns within 
the cortical or subcortical structures depending on the task (i.e., single versus dual) suggesting an 
attenuation of ERP activity and a re-allocation of neural resources during a dual task when 
compared to a single task. 
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Title: The coupling of gaze and gait when walking over real-world rough terrain 
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Abstract: When walking over rough terrain, walkers gather information about the upcoming 
path to support stable and efficient locomotion. In this context, the biomechanics of human gait 
define the task constraints that organize eye movements when traversing difficult terrain. 



Specifically, humans must perform a rapid visual search to identify stable footholds in upcoming 
terrain in a manner that is temporal coupled to the ongoing gait cycle. In this way, walkers adapt 
their energetically optimized, biomechanically preferred gait cycle to account for the complexity 
of the terrain being traversed. We developed a novel experimental apparatus to record eye 
movements and full-body kinematics of subjects walking over real-world terrain. For the first 
time, we can precisely record gaze and body movement data during natural behavior in 
unconstrained outdoor environments. Subjects walked over terrain of three increasing 
difficulties: flat packed-earth paths, moderately rocky trails, and extremely rough dry creekbeds. 
In flat terrain, the absence of environmental impediments allows subjects to adopt their preferred 
gait cycle that exhibits highly regular stride length and timing. In this condition, ground fixations 
were infrequent and not directed towards footholds, consistent with the minimal visual 
information needed to guide stepping in flat terrain. When walking over the moderate and 
extremely rough terrain displayed strong spatiotemporal coupling between gaze patterns on 
upcoming terrain and their ongoing gait cycle. In difficult terrain, subjects performed rapid 
visual search on regions around 2-4 steps ahead, often fixating precisely on locations of 
upcoming footholds. In all types of terrain, both visual and locomotor aspects of subject behavior 
shows a highly regular phase timing, while the spatial components were more variable. These 
results highlight the essential inseparability of gaze and gait during locomotion over rough 
terrain, and indicate that the visual control of locomotion over rough terrain is primarily 
organized around the phasic timing of the bipedal gait cycle. 
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Abstract: [Purpose] We investigated the effects of difference of initial standing position on 
postural control associated with bilateral arm movement and contingent negative variation 
(CNV). [Methods] Thirteen healthy adults (age: 20-42) standing on a force platform rapidly 
flexed their shoulder bilaterally from the sides of the body to the horizontal level in response to a 
response signal (S2) in warning signal (S1) - S2 paradigm (inter-stimulus interval (ISI): 2 sec). 
The standing positions the subjects maintained until S2 presentation (initial positions (IPs)), 
calculated as the percentage distance of COP from the heel in relation to foot length (%FL), were 
as follows: quiet standing position, 20%FL, 30%FL, 40%FL, 50%FL, 60%FL, 70%FL and 
80%FL. After ten trials of arm movement were performed at any position next ten trials were 
performed at another position. The order of the position was randomized for each subject. After 
10 trials were performed at each position another 10-15 trials were performed for each position. 
Electromyography (EMG) were recorded from anterior deltoid (AD), erector spinae (ES), biceps 
femoris (BF), the medial head of the gastrocnemius (GcM), soleus (Sol) and abductor hallucis 
(AH). Electroencephalography (EEG) recorded from Cz during ISI was averaged for each IP 
with mean amplitude in the 500 ms period before S1 was used as the baseline. The mean 
waveforms shifted negatively during ISI were defined as CNV. [Results] Preceding activation 
with respect to activation of AD was found at all IP in ES, 40%FL and more anterior in BF, 
50%FL and more anterior in GcM and 70%FL and 80%FL in AH. Continuous significant 
increase in CNV from baseline (p < 0.05) was found considerably earlier at 70%FL and 80%FL 
than another position. IP at which significantly larger CNV amplitude with respect to the mean 
amplitude in the period of 1000-1100 ms before S2 (p < 0.05) were found at 50%FL, 60%FL and 
80%FL. [Discussion] It was suggested that the onset timing of brain activity related to attention 
and motor preparation become relatively earlier as the initial standing position shifts near an 



extreme forward position and that the preceding activation of the triceps surae was effective in 
postural control since the activation was found at more anterior position than quiet standing. 
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Abstract: Trunk muscles play an important role in the maintenance of posture and execution of 
voluntary movements. It is well established that movements of the upper limbs induce activity in 
muscles that are related to, but not directly involved in the task. These postural adjustments serve 
to stabilise the body against the impending perturbation, but the neural mechanisms underlying 
them are unclear. We have shown that contractions of the upper limb muscles, including those of 
the hand, increase the corticospinal excitability of trunk muscles. This cross-facilitation effect 
has been characterised in hand muscles. However, the link between such fine control of the hand 
muscles and trunk muscles has not been studied. Thus, the present study investigates the effects 
of hand posture on the corticospinal excitability to trunk muscles using tasks involving power 
and precision grip. 
Twenty healthy subjects [mean (SD) age 22.2 (0.89) years] participated in the study. Subjects 
were seated and instructed to reach, with the dominant hand, for a wooden ball and a plastic peg, 
then lift up the object using a power grip or a precision grip, respectively. Electromyographic 
activity was recorded from the contralateral erector spinae (ES) at vertebral level T12 and rectus 
abdominis (RA). Transcranial magnetic stimulation (TMS) was delivered over the motor cortex, 
to the hotspot for ES, at 120% active motor threshold. During the tasks, TMS was delivered 
while reaching, just prior to the object being picked up, or after it had been picked up. The sizes 
of the motor evoked potentials (MEPs) were normalised to a control condition (subjects seated 
with arms extended in front). The amplitudes were calculated to assess the corticospinal 
excitability of the trunk muscles. Background activity in ES was matched across tasks to 
minimise the effects of ongoing EMG on the MEP size. 



The results showed normalised MEPs were greater in ES when executing the power grip than the 
precision grip while reaching for the object (141.52±12.2% power vs 106.7±8.87% precision) 
and upon lifting the object up (156.4±16.7% power vs 122.0±10.3% precision). There was no 
difference between the precision grip tasks and control tasks or between the “pre” and “post” 
pickup tasks. The results suggest that there is a task specificity in the corticospinal control of 
trunk muscles, even during hand movements, which likely induces far less of a postural 
disturbance than rapid movements of the entire upper limb. Further, the clinical implications of 
these results include rehabilitation, where improvements in trunk control in subjects with 
incomplete spinal cord injury, using repetition of simple hand movements, might be possible. 
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Abstract: The light touch of the index fingertip on a fixed surface provides additional 
somatosensory information that is used to reduce postural sway during quiet standing. 
Individuals also reduce their postural sway when performing a cognitive, visual search task while 
standing. However, it is still unknown which components of the postural sway (i.e., rambling and 
trembling) are affected by the light touch and visual search task. Therefore, the aim of the 
present study was to examine the effects of the light touch and visual search task on the 
components of the postural sway. Thirteen right-handed adults stood, as quiet as possible, on an 
AMTI force plate during 70 seconds. Participants performed three trials for each touch (with and 
without the right index fingertip touching a fixed bar composed by a force sensor ATI) and 
visual (with or without visual search task) conditions. For the visual search condition, 



participants were instructed to search and count the letters in a text displayed one meter ahead 
and to say the number of letters counted to the evaluator after each trial. Different letters were 
used for each trial. For touch condition, participants maintained the elbow in extension while 
lightly touched (applied force less than 1 N) a rigid surface using their right index fingertip. The 
center of pressure (COP) at anterior-posterior direction was computed using the forces and 
moments of the force plate and decomposed in two components: rambling, representing the 
migration of the reference point on the supporting surface, and trembling, representing the 
deviation of the COP from its equilibrium position. The amplitude of COP and its components, 
the mean force applied on the bar during the trials with touch and the error in the cognitive task 
were assessed. The COP and rambling amplitude reduced when participants performed the visual 
search task or touched the bar. However, the trembling reduced only in the touch condition with 
or without the visual search task being performed simultaneously. For all conditions, the 
reduction of the rambling was greater compared to the trembling. The force applied on the bar 
increased when the search task was performed with the touch but the performance on the 
cognitive task was not affected by the touch. The visual search task affects only the rambling 
trajectory that reflects the supraspinal process. Conversely, the light touch reduces, in addition to 
the rambling, the trembling trajectories that reflect the action of spinal reflexes and the 
mechanical properties of the muscles and joints. Overall, the findings suggest that the reduction 
on postural sway is mainly due to the need of postural stabilization to perform the visual search 
task or the touch. 
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Title: Dynamic entrainment of human walking to ankle dorsi-flexion perturbations 

Authors: *J. OCHOA1, D. STERNAD2, N. HOGAN3;  
1Mechanical Engin., Massachusetts Inst. of Technol. Dept. of Mechanical Engin., Cambridge, 
MA; 2Biology, Electrical and Computer Engineering, and Physics, Northeastern Univ., Boston, 
MA; 3Mechanical Engineering, and Brain and Cognitive Sci., MIT, Cambridge, MA 

Abstract: The concept of a central pattern generator as a rhythmic movement primitive has been 
well established in animal locomotion. Our recent research on human locomotion demonstrated 
dynamic entrainment to periodic perturbations in ankle plantar-flexion, evidence of an 
underlying limit-cycle oscillator. Entrainment of subjects’ gaits with phase-locking at ankle 
‘push-off’ suggested that the torque pulses provided mechanical assistance with forward 
propulsion. To further explore the mechanical and neural origin of that oscillator, this study 
tested the effect of torque pulses in dorsi-flexion given that ‘toe-up’ torque does not assist 
propulsion. As before, perturbations were delivered periodically to both treadmill and 
overground locomotion. 
Fourteen healthy subjects walked overground (OG) and on a treadmill (TM) while wearing an 
exoskeletal robot that was programmed to exert short square torque pulses in dorsi-flexion at a 
period 50 ms different from subjects’ preferred stride period. Entrainment was observed during 
both OG and TM walking, evidenced by a near-constant phase of maximum knee flexion with 
respect to the torque pulse. Entrainment during TM trials took longer in comparison to OG trials, 
occurring after an average of 15 vs. 26 perturbation cycles, respectively. Entrainment was always 
accompanied by phase-locking: the pulses converged to ‘initial swing’ (71.92% ± 4.28% of the 
gait cycle), suggesting that subjects assumed a phase relation such that the perturbation assisted 
ankle dorsi-flexion to facilitate foot-ground clearance and limb advancement. 
These observations support the presence of a limit-cycle attractor underlying human locomotion. 
However, these results cannot be attributed to mechanics alone since phase-locking occurred 
while the foot was in the air, when the imposed torque pulses did not influence mechanical work. 
Overall, the observed behavior seems to require a neural adaptation that cannot easily be 
ascribed to biomechanics, suggesting a hierarchical organization between the supra-spinal 
nervous system and the spinal neuro-mechanical periphery: episodic supervisory control. In this 
scenario, the supra-spinal nervous system may behave as a tele-operator of the semi-autonomous 
spinal neuro-mechanical periphery to reduce the burden on higher centers of the brain, especially 
given the delays in neural conduction and limited speed of muscle response. Taken together, 
these results indicate that a limit-cycle oscillator exists in the semi-autonomous lower-levels, 
which is capable of stable rhythmic walking with little high-level intervention. 
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Abstract: Sensorimotor changes such as postural and gait instabilities can affect the functional 
performance of astronauts following gravitational transitions. By training astronauts preflight 
with supra-threshold noisy stochastic vestibular stimulation (SVS), the central nervous system 
can be trained to reweight sensory information by utilizing veridical information from other 
sensory inputs, such as vision and proprioception, for postural and gait control. This, in turn, can 
enhance functional performance in novel gravitational environments. The optimal maximum 
amplitude of stimulation to simulate the effect of deterioration in vestibular inputs for preflight 
training or for evaluating vestibular contribution in functional tests in general, however, has not 
yet been identified. Most studies have used arbitrary but fixed maximum current amplitudes from 
3 to 5 mA in the medio-lateral (ML) direction to disrupt balance function in both ML and 
anterior-posterior (AP) directions in healthy adults. The goal of this study was to determine the 
minimum SVS level that yields an equivalently degraded balance performance. Fourteen subjects 
stood on a compliant surface with their eyes closed and were instructed to maintain a stable 
upright stance. Measures of stability of the head, trunk, and whole body were quantified in the 
ML direction. Objective perceptual motion thresholds, were estimated ahead of time by having 
subjects sit on a chair with their eyes closed and giving 1 Hz bipolar binaural sinusoidal 
electrical stimulation at various current amplitudes. Results from the balance task suggest that 
using stimulation amplitudes of 280% of motion-perceptual threshold (~2.2 mA on average) 
significantly degraded balance performance and increasing the stimulation amplitude did not 
lead to further degradation. We anticipate that preflight training using supra-threshold SVS 
stimulation will be a component of preflight sensorimotor adaptability (SA) training designed to 
improve adaptability to novel gravitational environments. This combination may help to 



significantly reduce the time to recover functional performance after long-duration spaceflight or 
after landing in a novel gravitational environment (e.g. Moon or Mars). Another application of 
using electrical stimulation of the vestibular system is in the evaluation of tests for vestibular 
function by simulating acute deterioration of vestibular sensory inputs. 
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Abstract: The practice of martial arts requires an exceptional level of control in order to execute 
motor skills such as overhead kicks with both speed and accuracy while maintaining balance and 
postural control. Motor skill training has been shown to induce changes in both spinal and 
cortical neurophysiology. For example, athletes in sports with high postural demands show 
reduction in spinal Hoffmann reflex (H-Reflex) excitability (Nielsen et al. 1993). In addition, 
professional musicians show evidence of greater recruitment of neurons in the hand area of 
motor cortex for a given stimulus intensity (Rosenkranz et al. 2007). These and other studies 
suggest that expert motor skill can be associated with changes in both spinal and motor cortical 
circuitry. However, because these sites have not been compared directly in a single highly skilled 
population, the degree to which each contributes is unknown. Here we asked whether highly 
trained martial artists would show differences from untrained controls in spinal reflexes, motor 
cortical responses, or both. To quantify spinal neurophysiology, the H-reflex for the right soleus 
muscle was measured at varying stimulus intensities to construct a recruitment curve. To 
quantify motor cortical neurophysiology, motor evoked potentials (MEPs) were elicited with 
transcranial magnetic stimulation (TMS) applied over the soleus area of the motor cortex; 
stimulation intensity was varied to construct a recruitment curve for motor cortex. In each case, 



the subject was seated and muscle twitch amplitude was measured with electromyography using 
surface electrodes. Linear regression was used to determine the slope of each recruitment curve. 
Five right-footed subjects have participated to date: 2 untrained controls and 3 martial artists 
with 7-15 years of intensive martial art training experience. In these subjects, recruitment curve 
slope is lower in martial artists than untrained controls for both H-reflex and motor cortex. This 
could indicate that martial arts training is associated with recruitment of fewer neurons for a 
given stimulus intensity, at both the cortical and spinal level. Data collection is ongoing, but 
differences in both cortical and spinal neurophysiology would be consistent with the literature 
that has found, separately, changes at each level related to highly trained motor skill. 
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Abstract: The soleus spinal stretch reflex is implicated in maintaining posture and balance 
during bipedal human locomotion. Furthermore, previous studies have demonstrated that the 
neural circuitry from the contralateral antagonist has crossed-spinal modulatory influences on 
this reflex while standing and lying prone. The influence of the contralateral antagonist has not, 
however, been investigated during walking. The purpose of this study was to assess the 
modulatory effect of the contralateral tibialis anterior on the ipsilateral soleus H-reflex. The four 
subjects who participated were asked to walk at a speed of 4km/hr while receiving tibial nerve 
stimulations at 7 different interstimulus intervals that represent different times during single leg 
stance (0, 2.5, 5, 7.5, 10, 12.5, and 15%). These stimulations were delivered at specific intervals 
following heel strike that corresponded to the desired timing of the stance phase. The 
conditioning stimuli consisted of trains of 4 stimulations to the common peroneal nerve of the 
contralateral tibialis anterior spaced 5ms apart, for a total of 20ms. The timing of the 
conditioning stimuli were fixed to 30% of the gait cycle following ipsilateral heel strike, and the 
intensity was set to 1.5x motor threshold. Intensity for the control soleus H-reflex was set to 15% 



of M-max for each subject, which was obtained during walking. The conditioning protocol 
resulted in facilitation of the ipsilateral soleus H-reflex at the 7.5% interstimulus interval, which 
was significantly different from the control value (t(3) = 3.780, p = .032). The results 
demonstrate that at an interstimulus interval of 7.5% of single leg stance (~80ms following 
conditioning stimulus), the modulatory effect of the contralateral tibialis anterior on the 
ipsilateral soleus is facilitation. This is consistent with the literature that exists on standing 
subjects, which shows a facilitatory effect of the contralateral tibialis anterior at an interstimulus 
interval of 75ms. Further research is needed to elucidate the effects of the contralateral agonist 
muscle on the ipsilateral agonist (i.e. soleus-soleus interaction). 
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Abstract: For hand and wrist muscles there is strong evidence demonstrating that the primary 
motor cortex is a major contributor to the long latency response seen in muscles following a 
mechanical perturbation. There are also other areas that are likely to contribute, but the 
contribution (if any) from spinal cord (SC) circuits has so far been rarely considered. Two adult 
awake behaving monkeys were trained to perform a precision flexion finger movement with the 
index finger. At the end of each trial, the motor controlled lever returned the finger to starting 
position rapidly, with peak velocities in excess of 200o per second. This produced a response in 
muscles controlling the finger, recorded through intramuscular wire electrodes. During 
performance of this task we recorded the extracellular activity of neurones firstly from the 
contralateral M1 (n=211) and subsequently from the ipsilateral intermediate zone SC (n=119). 
The perturbation produced a response in over 60% of neurones in both M1 (149/211) and SC 
(76/119). Comparable fractions of identified neurones responded in each area - 73% of 
corticospinal cells (n=73) in M1, and 62 of premotor spinal interneurons (n=21) responded to the 
perturbation. In M1, of the cells responding to the perturbation, 67% did so with an increase in 



firing rate, while in the spinal cord this fraction was significantly (p<0.01, X2 test) much higher 
at 82%. The onset latency of the neural responses however were comparable between the two 
areas (M1 mean: 20.6ms, SC mean: 20.2ms, p>0.2, unpaired t-test). The amplitude of the 
response to the perturbation relative to the baseline was also comparable between the two areas 
(M1 mean: 1.6, SC mean: 1.6, p>0.4, unpaired t-test). Our results support the well-established 
involvement of M1 in long latency reflexes, but also support a contribution from spinal cord 
interneurons to both short and long latency components of the stretch response. 
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Abstract: Position threshold, velocity threshold, and gain are the preferred kinematic and EMG 
metrics to assess the strength of the stretch reflex. The thresholds describe how soon the reflex is 
evoked and the gain describes the sensitivity of the response. But how do these metrics arise 
from changes in physiological parameters of the monosynaptic stretch reflex such as of dynamic 
and static fusimotor drives? We used a neuromorphic system to answer this question. The system 
was a faithful implementation of the spinal stretch reflex circuitry with a population of spiking 
neurons, including 128 muscle spindles with tunable dynamic and static fusimotor drives and 
768 motor neurons with rate coding and size principle. They controlled the input of a Hill-type 



model of skeletal muscle to emulate the muscle force. An electric motor converted the emulated 
muscle force to tension in a tendon. Finally, two independent systems emulated the forces of a 
pair of antagonistic tendons, acting to the flexion-extension of the joint. We performed ramp-
and-hold perturbations to the joint (replicating those performed in the assessment of the stretch 
reflex) using a stiff servo motor with a wide range of velocities while systematically and 
differentially changing the static and dynamic fusimotor drives. For each set of fusimotor 
parameters, we quantified the minimum amplitude and velocity of perturbation required to evoke 
a reflex as well as the gain of the response. 
We find that 1) changes in fusimotor drive resulted in a wide range of thresholds and gain within 
the reported range for normal and pathological populations, and 2) these metrics were correlated 
to each other and depended on the values of the static and dynamic fusimotor drives. This 
demonstrates that our neuromorphic system sufficed to emulate healthy and pathologic 
behaviors. We conclude that measurement of the thresholds together with gain is necessary to 
fully explain the strength of the stretch reflex response. Moreover, our results inform new 
approaches to use simple reflex tests to interrogate the underlying mechanisms of fusimotor 
control. 
Research reported in this publication was supported by the National Institute of Arthritis and 
Musculoskeletal and Skin Diseases of the National Institutes of Health under Awards Number 
R01 AR-050520 and R01 AR-052345, by the Fonds de recherche du Québec - Nature et 
technologies, and by USC provost fellowship. The contents of this endeavor is solely the 
responsibility of the authors and does not necessarily represent the official views of the National 
Institutes of Health. 
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Abstract: Healthy shoulder function requires the humeral head to remain secure in the glenoid 
cavity. Stretch-sensitive feedback may be critical for glenohumeral stability, since it is known 
that pathologies impairing feedback (e.g. stroke or spinal cord injury) often lead to shoulder 
instability. However, little is known about stretch reflexes at the shoulder due to experimental 
limitations. This study investigated the coordination of stretch reflexes elicited by rotations of the 
glenohumeral joint using a manuipulandum developed by our lab to study 3D shoulder 
mechanics and neural control. We hypothesized that stretch reflexes would be described more 
accurately by a heteronymous model linking muscles of the shoulder than by a homonymous 
model considering only the state of an individual muscle. Subjects (n=10) were seated with the 
right arm fixed to a rotary motor. Electromyograms (EMGs) were recorded from 8 shoulder 
muscles in response to pseudo-random binary perturbations as subjects exerted voluntary 
isometric torques (±10 and ±20% max contraction) about 3 measurement axes. Reflexes were 
quantified by average rectified EMG in short- (20~50 ms), medium- (50~75 ms), and long-
latency windows (75~100 ms) after perturbation onset. Background activity was computed 100 
ms before each perturbation. The volitional torques created rich patterns of background activity, 
providing a means to test our hypothesis using a linear mixed-effects model between background 
activity and stretch reflexes. Separate models (n=144) were constructed for reflexes in each 
muscle, perturbation direction, and response window. A simulated log-likelihood ratio was used 
to determine if models considering background activity in all muscles (heteronymous) were 
significantly better than those considering only background activity in the muscle in which the 
reflex was measured (homonymous). The heteronymous model was significantly better than the 
homonymous model in all tested conditions. The heteronymous models had an average R2 = 0.68 
± 0.19, and explained 28.6 ± 22.5% (mean ± std) more of the total measured variance than the 
homonymous models, demonstrating a wide range of improvements. The improvement differed 
across response windows (p = 0.025; 1-way ANOVA): greater (p = 0.013; Tukey’s correction) in 
the long-latency (34.5 ± 3.45%, mean ± se) than the short-latency (22.1 ± 3.10%) window. Our 
results demonstrate that stretch reflexes in the shoulder are sensitive to changes in the 
background activity of multiple muscles, not simply that from which the reflex is measured. This 
suggests that shoulder reflexes consider the state of the entire joint to coordinate a response to 
perturbations. 
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Abstract: The features of the patellar tendon reflex response provide significant perspective for 
the standard neurological examination. The iPod is a ubiquitous portable media device that has 
successfully quantified the patellar tendon reflex response. The iPod is equipped with inertial 
sensors, such as a gyroscope, which enable a convenient representation of the patellar tendon 
reflex response. The iPod can function as a wireless gyroscope platform by the incorporation of a 
software application. The integration of a multilayer perceptron neural network to distinguish a 
feature set of the patellar tendon reflex response provides expanded capability of the system 
incorporating the iPod as a wireless gyroscope platform for reflex quantification. Machine 
learning platforms, such as the multilayer perceptron neural network, offer considerable utility 
relative to the standard neurological examination. A hemiplegic and healthy patellar tendon 
reflex pair demonstrates visibly distinguishable characteristics, which can be consolidated into a 
quantified feature set from a gyroscope signal recording. The iPod utilizes a software application 
to record the gyroscope signal and wirelessly transmit the trial as an email attachment for post-
processing amenable to machine learning. The iPod wireless gyroscope platform implementing a 
multilayer perceptron neural network successfully classifies a hemiplegic and healthy reflex pair. 
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Abstract: Threats to standing balance have been shown to increase tendon-tap stretch (T-) 
reflexes, likely due to increased muscle spindle sensitivity [1]. Spindle static and dynamic 
sensitivity are thought to change differently with task novelty or threat in cats [2], yet T-reflexes 
are primarily subject to dynamic sensitivity, and involve only a select number of receptors. As 
such, it is unknown if threat independently modulates static and dynamic aspects of spindle-
based reflex responses to large muscle stretches in humans. This study examined velocity- and 
amplitude-dependent changes to spindle-based ramp-and-hold short- (SLR) and medium-latency 
stretch reflexes (MLR) with a height-induced postural threat. 
Sixteen young healthy adults stood with their right foot on a servo-controlled tilting platform and 
left foot on a stable surface level with the tilting platform; the platform was positioned at the 
edge of a hydraulic lift. Participants stood at a low threat condition (1.1m high; away from edge) 
followed by a high threat condition (3.5m high; at edge). Toe-up ramp-and-hold stretches were 
delivered at 3 angular velocities (Vel) of 60, 100 and 170°/s (all to 5°), and 3 amplitudes (Amp) 
of 2, 5 and 7° (all at 170°/s); Soleus T-reflexes were evoked by taps to the Achilles tendon with a 
linear motor. Surface EMG was recorded from Soleus and Tibialis Anterior, and platform Amp 
and Vel were calculated from a potentiometer. Individual slopes were calculated between SLR 
and platform Vel (dynamic) and MLR and platform Amp (static) and compared across heights. 
Main effects of height were also calculated for SLR and MLR amplitudes. 
T-reflexes were on average 14% larger at height (p=0.06), replicating prior work [1]. SLR and 
MLR amplitudes were correlated to platform Vel and Amp, respectively (SLR low: r=0.49; SLR 
high: r=0.57; MLR LOW: r=0.80; MLR HIGH: r=0.79). SLR/Vel slopes tended to be steeper at 
height (44% steeper, p=0.067), yet MLR/Amp slopes were not affected by height (7% steeper, 
p=0.5). There were no main effects of height on either SLR (5% larger, p=0.52) or MLR 
amplitudes (3.5% larger, p=0.34). 
Observations of increased velocity-dependent scaling of human lower-limb SLR slopes and T-
reflex amplitudes suggest spindle dynamic sensitivity may be increased with postural threat. The 
lack of amplitude-dependent MLR slope changes suggests no change in static sensitivity with 
threat. These results together may be explained by selective fusimotor control, which has been 
inferred from other human studies using non-balance lower-limb attention tasks [3]. 
Funded by NSERC. 
1-Horslen et al (2013) J Neurophysiol, 2-Prochazka (1989) Prog Neurobiol, 3-Hospod et al 
(2007) J Neurosci 
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Abstract: The roles of fusimotor drive and α-γ coactivation in the control of voluntary 
movement have been debated since the time of Sherrington. We have taken a synthetic analysis 
approach to build a custom, real-time neuromorphic system which features a physiologically 
faithful representation of the stretch reflex loop including muscle spindles with tunable fusimotor 
drives and populations of motor neurons with recruitment and rate-coding [1,2]. This multiscale 
system allows the recording and adjustment of time-varying physiological variables which are 
otherwise inaccessible in intact subjects and specimens. The neuromorphic system has recently 
been used by us to explore the role of fusimotor activity in closed loop monosynaptic stretch 
reflex responses. 
In this work, we demonstrate how the settings of the fusimotor system affect the kinematics that 
arise from a same sinusoidal alpha command. As a first step, we applied half-wave rectified 
cortical voluntary drives (i.e., alpha signal) to a pair of antagonist muscles. A 180° phase shift 
ensured that the drives to the antagonist pair were out of phase and never countered each other, 
ensuring smooth sinusoidal movement. Upon systematically varying the tonic gains of the 
fusimotor drives, we found that they affected the amplitude, velocity and mean position of 
voluntary finger oscillation. To our knowledge, this is the first neuromorphic implementation of 
voluntary finger movement in cadaver specimens. While these results are not unexpected, they 
are a critical first step in the simulation and understanding of healthy and pathological 



movement, tremor, dystonia, and spasticity. Moreover, this provides a mechanistic platform to 
explore the role of α-γ coactivation from physiological and anatomical first principles. 
Research reported in this publication was supported by the National Institute of Arthritis and 
Musculoskeletal and Skin Diseases of the National Institutes of Health under Awards Number 
R01 AR-050520 and R01 AR-052345. The contents of this endeavor is solely the responsibility of 
the authors and does not necessarily represent the official views of the National Institutes of 
Health. 
[1] Niu, Chuanxin et al. "Emulated muscle spindle and spiking afferents validates VLSI 
neuromorphic hardware as a testbed for sensorimotor function and disease." Frontiers in 
computational neuroscience, 2013. 
[2] Sohn, Won J. et al. "Increased long-latency reflex activity as a sufficient explanation for 
childhood hypertonic dystonia: a neuromorphic emulation study." Journal of neural engineering, 
2015. 
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Abstract: H-reflex methodology and related techniques have been employed in order to study 
spinal mechanisms. However, neural mechanisms which control bilateral coordination of the 
extremities are still unclear. Previous studies from our group have demonstrated a possible neural 
connection between motor pools in the ipsilateral soleus and the contralateral tibialis anterior, 
which may contribute to the generation of stereotypical bilateral coordination. However, neural 
mechanisms which embody bilateral coordination is yet to be determined. It is known that 
human soleus H-reflex is modulated during gait and this modulation is known to be dependent 
on a phase of the gait cycle. Therefore, the purpose of this study was to explore soleus H-reflex 
modulation using contralateral tibialis anterior conditioning. Four subjects participated, each 
with no history of neuromuscular disease and with normal fitness levels. Subjects walked on a 



treadmill at 4km/h. An EMG signal was collected from the right soleus and stimulating 
electrodes were prepared at the right popliteal fossa and the left head of fibula in order to 
delivery electrical stimulation to the right tibial nerve and the left common peroneal nerve. 
Control H-reflex amplitudes were set at 15% of M-max and inter-stimulus intervals (ISI) were 
selected at 0%, 2.5%, 5%, 7.5%, 10%, 12.5%, and 15% of gait cycle. Conditioning stimulation to 
the left common peroneal nerve was delivered prior to the test stimulation. Conditioning stimuli 
were a train of 4 pulses during 20 msec and intensity was set at 1.5 motor threshold in the tibialis 
anterior. Test H-reflex was evoked at two different gait cycle points: single support and double 
support during the late stance phase. Soleus H-reflex during double support phase was 
significantly inhibited at 2.5% ISI conditioning (-57%) and significantly facilitated at 10% ISI 
conditioning (+96%), compared with unconditioned H-reflex. This modulation observed in 
double support phase was different from that in single support in the late phase. Results suggest 
that the status at the spinal neural network in the late phase of gait may differ between double 
support and single support. Sensory inputs attributable to the conditioning stimulation had 
greater impact on the contralateral soleus H-reflex in double support phase than in single support 
phase. It is implied that neural inputs from the contralateral side are controlled with other sensory 
information and/or a phase of gait cycle. 
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Abstract: Locomotion requires precise coordination between the four limbs, which is thought to 
be mediated by pathways coupling the fore- and hindlimbs, such as interlimb reflexes. Miller et 
al. (1977) showed that homolateral interlimb reflexes in decerebrate cats were modulated with 
phase and were stronger for descending (forelimb to hindlimb) than ascending (hindlimb to 



forelimb) ones. Here, we characterized interlimb reflexes in intact cats during treadmill 
locomotion and extended the analysis to diagonal limbs. Three cats were implanted with 
electrodes for electromyography and to stimulate the superficial peroneal (SP) and superficial 
radial (SR) nerves. Reflexes were evoked during treadmill locomotion at 0.4 m/s with a train of 
three 0.2 ms pulses at 300 Hz. For each nerve, ~120 stimuli were given at 1.2 times the motor 
threshold throughout the cycle. Stimulating the SP nerve evoked ascending interlimb reflexes in 
the homolateral triceps brachii (TriB) in 3/3 cats, with short-latency inhibitory responses (N1) 
during forelimb stance starting at ~25 ms, followed by small excitatory responses (P2) at ~50 ms. 
Similar responses were observed in the diagonal TriB of 2/3 cats, with N1 responses during 
forelimb stance starting at ~20 ms followed by P2 responses at ~45 ms. Ascending interlimb 
reflexes in the homolateral and diagonal biceps brachii were only observed in 1/3 cats for both 
limbs, with P1 responses starting at ~20-25 ms during forelimb swing. Therefore, ascending 
interlimb reflexes appear more frequent in elbow extensors compared to elbow flexors. With SR 
nerve stimulation, descending interlimb reflexes were evoked in an homolateral hindlimb 
extensor muscle, vastus lateralis or lateral gastrocnemius, in 2/3 cats, with N1 responses starting 
at ~30 ms during hindlimb stance. One cat also showed P1 responses starting at ~20 ms during 
hindlimb swing. Diagonal responses in hindlimb extensors were observed in 3/3 cats, with N1 
responses during hindlimb stance starting at ~30 ms. Descending interlimb reflexes were found 
in the homolateral and diagonal semitendinosus in 3/3 cats, with P1 responses starting at 20-30 
ms during hindlimb swing. Therefore, both ascending and descending interlimb reflexes are 
present during treadmill locomotion in the intact cat, with projections to homolateral and 
diagonal limbs. Consistent with previous findings, the strength of descending interlimb reflexes 
appears stronger than ascending ones. Interlimb reflexes could be a mechanism to rapidly reduce 
the excitability of extensor muscles, thus lowering the center of gravity, and/or to prolong or 
delay phase transitions to optimize dynamic stability. 
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Abstract: Past studies have demonstrated the modulatory effects of crossed-spinal conditioning 
on the soleus H-reflex. These studies have only explored crossed-spinal conditioning during 
static positions. However, given the critical role for coordination between the ipsilateral and 
contralateral muscles of the lower extremities play in movement control, the purpose of this 
study was to assess crossed-spinal conditioning of the soleus H-reflex during gait. Four young, 
healthy subjects were tested while walking on a treadmill at 4 km/h. Control H-reflexes, set to 
50% Hmax, were elicited from the ipsilateral soleus muscle at two points in the gait cycle: (1) 
mid stance and (2) late stance. Mid stance was determined to be 30% of the gait cycle, while late 
stance was determined to be approximately 43% of the gait cycle post-ipsilateral heel strike. 
Conditioning stimuli, a train of four for 20 ms, was applied to the contralateral common peroneal 
nerve at the fibular head preceding the ipsilateral test stimulation to the tibial nerve popliteal 
fossa. Conditioning stimuli were set to 1.5 x motor threshold and delivered at interstimulus 
intervals (ISIs) set at 0%, 2.5%, 5%, 7.5%, 10%, 12.5%, and 15% of the gait cycle. Contralateral 
conditioning delivered at 2.5% ISI of the gait cycle resulted in modulation of the soleus H-reflex 
during late stance phase by -38% (inhibition). A one sample t-test showed this inhibition to be 
significantly different from the control H-reflex. However, there was no significant 
inhibition/facilitation of the soleus H-reflex during mid stance phase. These results show 
contralateral conditioning at 2.5% of the gait cycle has differential modulation on the ipsilateral 
soleus H-reflex. This modulation was dependent on when the test stimulus to the ipsilateral 
soleus was delivered during the gait cycle (mid vs. late stance phase), suggesting that 
contralateral antagonist sensory information is regulated by the phase of gait cycle. Overall, 
more investigations into this complex reflex response in humans will be required to make 
advancements in the understanding of crossed-spinal communication during human gait. 

Disclosures:  A.M. Phipps: None. K. Katano: None. M. Enyart: None. D.M. Koceja: None. 

Poster 

724. Defensive Behavior and Aggression 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 724.01/VV22 

Topic: F.02. Behavioral Neuroendocrinology 

Support: Macao Science and Technology Development Fund, FDCT, 011/2104/A1 

Title: Built for fighting: neuroendocrine and transcriptomic regulation of aggression in a fighter 
strain of the siamese fighting fish Betta splendens 



Authors: *D. GONÇALVES1, A. RAMOS1, C. HUANG2, S. M. Y. LEE2;  
1Univ. of St. Joseph, Macau, Macao; 2Univ. of Macau, Macao, Macao 

Abstract: Across southern Asia, breeders have been selecting males of the Siamese fighting fish 
Betta splendens for fighting contests for a period of over 200 years. This strong directional 
selection has produced a variety of B. splendens morphologically different and more aggressive 
than wildtypes. Because wildtypes are still available in remote regions of southern Asia, the 
comparison with fighter strains provides an excellent opportunity to identify the genetic and 
neuroendocrine mechanisms underlying the expression of aggression in fish. In this study we 
compared the behavior, endocrine response and brain transcriptome profile of a strain of fighters 
with wildtypes when exposed to an aggressive challenge. As predicted, males fighters displayed 
more aggressive behavior both towards their mirror image and towards an opponent than 
wildtypes. Interestingly, female fighters were also more aggressive than female wildtypes, in 
spite of only males being the target of selection. In control animals (not displaying aggression), 
plasma androgen levels of 11-ketotestosterone (11KT), but not of testosterone (T), were more 
elevated in fighter males. Both fighter and wildtype males increased very significantly the 
secretion of both androgens in response to a 1h aggressive challenge. Whole brain gene 
expression profiling of wildtype and fighter males generated 74.7Gb of sequencing data that was 
assembled with Trinity, with 77% of unigenes annotated into known proteins. The analysis 
revealed significant differences in the brain transcriptome between wildtypes and fighters, both 
in the control and aggression-elicited treatment, with over 12,000 transcripts being differentially 
expressed, suggesting that selection for aggression has resulted in a highly divergent brain 
transcriptome profile. Exposure to the mirror treatment induced a similar number of 
differentially expressed genes in the two strains (443 in fighters and 312 in wildtypes), and 
enrichments detected by pathway analysis included steroid hormone biosynthesis, estrogen 
signaling and AVP/AVT pathways. In addition to providing the first annotated transcriptome for 
Betta splendens and identifying potential genomic pathways relevant for the expression of 
aggressive behavior, the study shows that selection for aggression produced a significantly 
altered brain transcriptome in males and co-selected high aggression levels also in females. The 
results also suggest that 11KT may be a key hormone modulating the high levels of aggression 
observed in males of the fighting strain. 
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Abstract: Aggression is a complex and nearly universal behavior, documented in animal species 
ranging from humans to flies. Based on comparative research investigating the proximate 
mechanisms responsible for the appropriate perception and execution of aggressive behaviors, it 
is clear that genes and neurochemicals (i.e., biogenic amines, hormones, neuropeptides) that 
mediate this suite of behaviors are conserved across a wide range of taxa. The serotonergic (5-
HT) system, in particular, shares deep evolutionary origins between vertebrates and invertebrates 
and has been largely implicated in aggressive behavior. However, most of our understanding 
with respect to the mechanisms of the serotonergic system derive from manipulations that result 
in global 5-HT changes. To better understand the system and the role of 5-HT we need to target 
individual genes such as receptor subtypes. Additionally, a large majority of this work has 
focused on a few model organisms, predominantly rodents and fruit flies, with the primary focus 
on males. This has led to significant gaps in our understanding of the conserved mechanisms that 
govern aggressive behavior as well as the substantial differences between sexes. We use a novel 
species, the stalk-eyed fly Teleopsis dalmanni, to explore the conserved underlying genetic and 
neurochemical mechanisms that mediate aggression. Members of this species are sexually 
dimorphic; males have exaggerated eyestalks that protrude laterally from their head, which they 
use as aggressive signals and weapons against conspecifics. Females are relatively docile 
compared to males, rarely engaging in aggressive conflicts with other females. Using next 
generation sequencing (RNA-seq) and RNA interference (siRNA), we are able to uncover the 
serotonergic-mediated mechanisms responsible for the sexually dimorphic aggressive behavioral 
response in a novel species. 
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Abstract: Despite legal prohibitions against anabolic/androgenic steroids (AAS) in the US, 
usage rates amongst high school aged males are steadily rising and range between 2-5%, with 
some states reporting abuse rates as high as 8%. The AAS use during adolescence is associated 
with a host of risk factors and traits that include increased violence and aggressive behavior. 
Alongside aggression, AAS exposure during adolescence is also linked to an increased incidence 
of anxiety disorder diagnoses during adulthood that occur after the cessation of AAS abuse. 
Relatedly, adolescent males with low circulating testosterone report higher levels of anxiety, 
while those with high testosterone show no changes in anxiety, but exhibit high levels of 
aggression. Together, these data suggest that androgen fluctuations inversely affect aggression 
and anxiety, perhaps indicating that substrates of these behaviors are linked. Data generated in 
our lab support this hypothesis and show that AAS exposure during adolescence increases 
aggression and reduces anxiety. During withdrawal from AAS, anxiety levels rise significantly in 
the presence of normalized aggression. The effects of AAS on aggression and anxiety are likely 
regulated by 5HT and AVP signaling interactions in the lateral anterior hypothalamus (LAH) 
since, for example, AAS-aggression levels positively correlate with AVP fiber density in the 
presence of lower anxiety and reduced 5HT afferents in the LAH. Conversely, during withdrawal 
when anxiety levels are high, 5HT signaling remains reduced while AVP fibers and aggressive 
behavior return to control levels. Recently we showed that 5HT agonist injection in the LAH 
increases anxiety during AAS exposure. Along with previous reports showing that 5HT3 
agonists increase aggressive behavior, 5HT3-activated anxiety suggests that this receptor is an 
important modulator of the relationship between aggression and anxiety after AAS exposure. To 
build on this notion, we measured aggression and anxiety during AAS withdrawal after injection 
of 5HT3 antagonists in the LAH. Blockade of 5HT3 receptors reduced AAS-withdrawal induced 
anxiety without affecting aggression. These data suggest that 5HT3 receptors regulate the 
anxiety component of the LAH circuit, and may indicate that the LAH modulates both 



aggression and anxiety through a single upstream AVP pathway that diverges into parallel 
downstream mechanisms regulated by different populations of 5HT receptors. 
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Abstract: Avp activation of the Avpr1b subtype is necessary for social recognition and 
aggression in both males and females. Avpr1b expression in the central nervous system is strictly 
limited to hippocampal CA2 neurons. We've shown that replacement of Avpr1b into the CA2 of 
Avpr1b knockout (KO) males via viral (pan-neuronal) expression rescued the behavioral deficits 
in aggression. This study indicated that activity of Avpr1b in the CA2 during adulthood, but not 
development, was important for regulating resident-intruder aggression. We are now interested 
in determining the causal role of Avpr1b neuronal activity in aggressive behavior. The use of 
designer receptor exclusively activated by designer drugs (DREADDs) allows for non-invasive 
acute manipulation of neuronal excitability in a cre-dependent manner. We created a transgenic 
mouse line that ‘knocked-in’ Cre-recombinase under the control of the Avpr1b promotor 
(Avpr1b-Cre), such that the Avpr1b was replaced by the Cre gene. Double in situ hybridization 
confirmed Cre expression in Avpr1b CA2 neurons in heterozygous adult mice. This line of mice 
was used to test two hypotheses: 1) Acute enhanced excitability will rescue deficits observed in 
Avpr1b KO female mice; and 2) acute inhibition will reduce female aggression. Experiment 1: 
Avpr1b-Cre heterozygous and Avpr1b-Cre KO female mice were injected with a Cre-dependent 
virus expressing either DREADD-Gq or control fluorescent marker. Experiment 2: Avpr1b-Cre 
heterozygous females were injected with a Cre-dependent DREADD-Gi or control fluorescent 
marker. Females were then paired with males until pregnancy was confirmed, and the male was 
removed. Females were administered CNO (ligand for DREADD) prior to resident-intruder 



aggression testing. Tests were repeated several times across the mid-lactational period. Behavior 
was scored for latency and duration of aggression. Pup retrieval was recorded following 
aggression tests. Preliminary results suggest that Avpr1b-Cre KO mice injected with DREADD-
Gq are more likely to attack and show a shorter latency to attack compared to KOs injected with 
GFP. Furthermore, Avpr1b-Cre mice injected with DREADD-Gi show increased latency to 
attack (p < 0.05) and decreased duration of aggression (p < 0.05) compared to Avpr1b-Cre mice 
injected with GFP. Manipulation of CA2 neuronal activity does not appear to affect maternal 
care.These data suggest that the acute activity of CA2 neurons is important for the expression of 
typical maternal aggression. These data add to our understanding the precise temporal time 
course of CA2 neuronal activity in regulation aggressive behaviors and indicates that effects are 
not sex-specific. 
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Abstract: In the wild, male animals fight for limited resources like food, mates, and territory. 
When they fight, they chase, lunge, and bite other males. After several rounds of confrontations, 
the more aggressive animals win the fight, and the losers hold up front paws in front of their 
chest to protect their core and actively defend themselves. These attack and defense scenarios 
can also be observed in the laboratory by using mice as an animal model. Previous studies in 
mice, rats, and hamsters have shown that c-fos, an immediate early gene, was elevated in the 
ventromedial hypothalamus (VMH) in males that were defeated by other conspecific aggressors 
(Kollack-Walker et al., 1997; Motta et al., 2009; Silva et al., 2013). The aim of our study is to 
understand the role of the VMH during confrontation against aggressive males. We first 
examined the expression patterns of c-fos after the residents animals were attacked by an 
aggressor introduced into their home cages. Consistent with previous findings, we observed 
elevated c-fos in the VMH, suggesting the involvement of the cells during confrontation against 
aggressors (Kollack-Walker et al., 1997; Motta et al., 2009; Silva et al., 2013). To further 



understand the behavioral events, during which the VMH cells are activated, we performed 
electrophysiological recordings in VMH in freely moving animals. We observed acute increase 
of the VMH cell activity as the animal got attacked by the aggressor but not during his social 
investigation of the aggressor, indicating that the role of cells may be related to the physical 
defensive action of the animals. To test this hypothesis, we then optogenetically activated the 
VMH cells and observed light-bounded defensive behaviors, such as immobility, upright 
postures, and dashing. Taken together, our results suggest that the VMH cells may play an 
essential role in conspecific defense. 
References: Kollack-Walker, S., S. J. Watson, and H. Akil, 1997, Social stress in hamsters: 
defeat activates specific neurocircuits within the brain: J Neurosci, v. 17, p. 8842-55. Motta, S. 
C., M. Goto, F. V. Gouveia, M. V. Baldo, N. S. Canteras, and L. W. Swanson, 2009, Dissecting 
the brain's fear system reveals the hypothalamus is critical for responding in subordinate 
conspecific intruders: Proc Natl Acad Sci U S A, v. 106, p. 4870-5. 
Silva, B. A., C. Mattucci, P. Krzywkowski, E. Murana, A. Illarionova, V. Grinevich, N. S. 
Canteras, D. Ragozzino, and C. T. Gross, 2013, Independent hypothalamic circuits for social and 
predator fear: Nat Neurosci, v. 16, p. 1731-3. 

Disclosures:  L. Wang: None. D. Lin: None. 

Poster 

724. Defensive Behavior and Aggression 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 724.06/VV26 

Topic: F.02. Behavioral Neuroendocrinology 

Support: Smoking Research Foundation 

 JSPS KAKENHI 25670121 

Title: TRPA1 is indispensable to escaping from predator 
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Abstract: Transient receptor potential ankyrin 1 (TRPA1), a member of the TRP superfamily, is 
expressed in a subset of sensory neurons and mediates nociception evoked by pungent chemicals. 
We have reported that TRPA1 knockout mice (KO) failed to avoid entering a chamber filled 



with vapor of formalin, allyl isothiocyanate, and acrolein and proposed that TRPA1 serves as a 
frontline sensor to avoid environmental chemical threats (Sci Rep 3: 3100, 2013). In this study, 
we tested our hypothesis that TRPA1 also play a role in escaping from predator. As expected, 
TRPA1-KO failed to avoid fox feces and 2,4,5-trimethylthiazoline (TMT), a synthetic predator 
odor isolated from fox anal secretions. TRPA1-KO also failed to increase blood ACTH when 
exposed to TMT, but normally found buried food pellet indicating normal olfaction at least to 
smell of food. Nasal administration of AP-18, a specific blocker to TRPA1, in the wild-type mice 
reproduced the defect in TRPA1-KO. Finally, immunohistochemical examination revealed that 
TRPA1 is expressed in the nerve bundles in the respiratory turbinates of the nasal cavity. Taken 
together, we conclude that TRPA1 is indispensable to escaping from predator and that pungency 
of TMT, in addition to its smell, is important factor as a threatening cue. 
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Abstract: The neuropeptide hormone oxytocin (OT) plays a significant role in social bonding, 
social recognition, and anxiolytic behavior in both human and animal models. We examined the 
acute effects of intranasal OT (0.8 IU/kg) in male California mouse (Peromyscus californicus), a 
monogamous rodent that forms reliable pair bonds for mates and exhibits aggression towards 
territorial intruders. Previous research in prairie voles has shown that an acute dose of OT can 
decrease latency to form a partner preference; however, it is also important to ask how oxytocin 
influences behavioral interactions both before and after pair bond formation has occurred. Our 
goal was to determine the role of OT in males during critical social periods: pair bond formation, 
intrasexual aggression after pair bonding, pup retrievals with first litter, and partner preference 
after weaning of first litter. Males were treated with 25 uL of OT or saline 5 minutes before each 



behavioral test, receiving a total of four treatments of either OT or saline (N=12 per group). In 
the first 10 minutes of pairing, the OT group engaged in significantly fewer aggressive 
interactions than the saline group (t=2.19, p=0.04). During a same-sex intruder encounter in their 
home territory, males given oxytocin showed significantly greater anogenital sniffing (t=2.3, 
p=0.03) with no change in number of aggressive attacks. Results from other behavioral tests will 
be reported. Based on the hypotheses that OT increases aggression towards the out-group, but 
increases affiliation towards the in-group, we hypothesize that OT will increase a number of 
behavioral traits: responsiveness to pup calls and pup licking and grooming during pup retrievals, 
allogrooming towards partner and aggression towards stranger in the partner preference tests. In 
summary, OT administered to males has different behavioral effects depending on the social 
context and appears to influence a variety of aggressive and affiliative behaviors, including 
during pair bond initiation in male California mice. These results are similar to the effects seen in 
male prairie voles with the exception that vasopressin—not oxytocin—is implicated in pair bond 
initiation for male voles. 
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Abstract: The mantis shrimp Neogonodactylus oerstedii is a solitary marine crustacean that 
actively defends territory from conspecifics. Serotonin (5-HT) has been linked with aggression in 
several crustacean species based on exogenous 5-HT application. However, whether endogenous 
monoamines in the crustacean brain mediate aggression and contest outcome is relatively 



unknown. In other species, contest outcome is also influenced by recognition of previously-
fought opponents, as it can prevent further costly disputes when the likely outcome is already 
known. Some species of mantis shrimp exhibit brief memory of previous opponents as indicated 
by olfactory-based avoidance, but is not known if this alters subsequent aggression. Here, we 
first staged fights between size- and sex-matched pairs of N. oerstedii and measured brain 
octopamine, dopamine (DA) and 5-HT immediately afterwards, and show that contest losers 
have higher levels of 5-HT and DA relative to winners. Next, we determined if opponent 
recognition would reduce the duration and intensity of aggressive interactions between 
previously-fought individuals. Size and sex matched N. oerstedii engaged in two interactions 
with the same opponent but separated by a 24 h period, with control groups comprising winners 
and losers from the first fight paired with size-matched novel opponents of unknown status in the 
second contest. Shrimp paired with familiar opponents exhibited decreases in interaction length, 
number of strikes and threat displays in the second fight, with winning and losing status 
remaining consistent across contests. In contrast, individuals confronted with an unfamiliar 
opponent maintained their previous level of aggression, and 23% of subjects were able to reverse 
prior contest outcome. Our results suggest endogenous brain DA and 5-HT mediate initial 
expression of aggression in N. oerstedii, and that contest outcome is also heavily influenced by 
memory of previous opponents for at least 24 h after social status has been established. We are 
now testing if pretreatment with exogenous 5HT or DA can reverse the outcome of the second 
fight in familiar N. oerstedii opponents, which will provide insight into proximate mechanisms 
underlying formation and maintenance of social hierarchies. 

Disclosures:  A.D. Koch: None. J.D.W. Yaeger: None. M.W. Buchanan: None. M.L. Porter: 
None. M.J. Watt: None. K.J. Renner: None. 

Poster 

724. Defensive Behavior and Aggression 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 724.09/WW3 

Topic: F.02. Behavioral Neuroendocrinology 

Support: ERC Advanced Grant 

Title: Stereological analysis of intact ventromedial hypothalamus morphology and synaptic 
organization: new tools for understanding juvenile social behaviour plasticity 

Authors: *A. CICCARELLI, R. PAOLICELLI, D. WEIJERS, F. ZONFRILLO, E. PERLAS, 
G. BOLASCO, C. GROSS;  
Mouse Biol. Unit, EMBL, Monterotondo, Italy 



Abstract: Changes in social behaviour induced by juvenile conspecific interactions is a critical 
and pro-survival form of behavioral plasticity conserved across species. This form of 
neuroadaptation is supposed to depend on the high degree of brain plasticity present during 
development; however it is still unclear if a critical period for shaping social behaviour exists 
and from which brain region it is regulated. Ventromedial hypothalamus (VMH) has a pivotal 
role in regulating many types of social behaviours, such as defensive behaviour, aggression and 
sexual receptivity. We hypothesize that in mice structural plasticity occurring in this 
hypothalamic brain region could underlie behavioural changes induced by stressful social 
experiences during development. In this study we developed a behavioural protocol aimed to 
study the effect of repetitive social defeat on juvenile mice (from p22 to p31). Preliminary data 
show that juvenile-defeated mice display an increase in adult aggressive behaviour and social 
avoidance indicating a long-lasting form of behavioural plasticity. To study structural plasticity 
in VMH we first performed a detailed characterization of VMH synaptic network in control 
mice. We used a transgenic mouse line (Nr5a1::Cre; Rosa-CAG::LSL-Synaptophysin-GFP; 
Rosa-CAG::LSL-Tomato) that allows us to visualize: a) the majority of VMH neurons and their 
axonal/dendritic morphology; 2) the VMH excitatory synapses (presynaptic terminals) within the 
VMH (excitatory collaterals) and in VMH target regions (e.g., PAG). Quantitative analysis using 
confocal microscopy and immunofluorescence revealed that VMH collateral synapses represent 
approximately 30% of total VMH inputs and are denser in the rostral part of VMH. Double 
staining with presynaptic markers revealed that VMH collaterals express mainly Vglut2 and this 
region is enriched as well in synaptic inputs arising from extra-VMH excitatory neurons (Vglut1-
positive). Next, in order to systematically describe the entire VMH morphology and collateral 
synapses, we clarified the whole VMH of adult transgenic mice using a modified CLARITY 
protocol. With lightsheet microscopy we visualized the intact VMH and analysed the full 
population of VMH Nr5a1-positive neurons and the excitatory collateral synapses. Automatic 
quantification revealed that the VMH total number of neurons is approximately 32000 and 3D 
rendering showed new morphological properties of this region. In conclusion, here we describe a 
new form of juvenile-induced social behavioural plasticity and provide new tools for systematic 
analysis of intact VMH and its structural plasticity in mice. 
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Abstract: The physiological response in rats to traumatic stress can be acutely and chronically 
measured using a multitude of neuroendocrine and behavioral markers. Responses of these 
interrelated neuroendocrine and behavioral markers may vary from molecule to molecule and 
behavior to behavior, and outside factors like the type of stressor or the phase in circadian cycle 
may also influence observed changes. While rodent models of traumatic stress have provided a 
glimpse into the physiological response to acute and chronic stressors, few studies have 
examined a more comprehensive interrelated molecular and behavioral approach. The aim of the 
present study is to provide a more complete examination to describe the subacute effects of 
traumatic stress exposure and recovery to a panel of neuroendocrine markers, and to compare 
those alongside acute and long lasting behavioral responses such as exploratory behavior and 
acoustic startle response, over the circadian cycle. Rats were exposed to either underwater 
trauma (UWT) or predator exposure (PRED). Then repeated behavioral tests (exploratory 
behavior on the elevated plus maze, acoustic startle) were conducted across 5 individual time 
points over a 7 day period. Additionally, blood samples were simultaneously collected over 10 
time points across the circadian cycle in yoked stress-exposed cohorts. Neuroendocrine markers 
were quantified from serum using LC-MS or ELISA, analyzed over time, and compared against 
behavioral responses at corresponding time points. Preliminary data show differential responses 
for UWT and PRED across the experimental timeline, and distinct response timelines for the 
different measures collected. Supported by the Military Operational Medicine Research Program, 
US Army Medical Research and Materiel Command. Material has been reviewed by the Walter 
Reed Army Institute of Research. There is no objection to its presentation and/or publication. 
The opinions or assertions contained herein are the private views of the author, and are not to be 
construed as official, or as reflecting true views of the Department of the Army or the 
Department of Defense. Research was conducted in compliance with the Animal Welfare Act 
and other Federal statutes and regulations relating to animals and experiments involving animals 
and adheres to principles stated in the Guide for the Care and Use of Laboratory Animals, NRC 
Publication, 2011 edition. All procedures were reviewed and approved by the WRAIR 
Institutional Animal Care and Use Committee, and performed in facilities accredited by the 
Association for Assessment and Accreditation of Laboratory Animal Care, International. 
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Abstract: The hippocampus is a region of the brain involved in spatial learning and memory and 
is a site of neural plasticity in the adult brain. Specifically, this region has been shown to add 
new neurons in adulthood in a variety of animals, as well as have altered morphology (volume) 
under different seasonal conditions in some bird species. In the seasonally breeding green anole 
lizard, Anolis carolinensis, breeding season (BS) lizards exhibit territorial and aggressive 
behaviors to vigorously compete for large territories, with a decrease in these behaviors and 
territory sizes during the non-breeding season (NBS). Previous work has shown that morphology 
of brain areas involved in reproduction is altered seasonally and this is likely due to seasonal 
changes in steroid hormones, specifically testosterone (T) and its metabolites, estradiol (E2) and 
5α-dihydrotestosterone (DHT). It is currently unknown whether there are seasonal changes to the 
anole hippocampus. To investigate potential seasonal effects in the lizard homologue of the 
hippocampus, the dorsolateral cortex (DC) and medial cortex (MC), we examined 1) morphology 
in BS and NBS males and 2) neuron addition in BS males treated with various hormones. In 
experiment 1, we obtained males during the BS and NBS, collected brains, and examined 
volumes in Nissl stained sections. In experiment 2, we gonadectomized BS males and implanted 
subcutaneous capsules containing T, E2, DHT, or left empty (blank). After hormone 
implantation, animals were injected with bromodeoxyuridine (BrdU; 50mg/kg) once per day for 
three days and brains collected after 25 days. Immunohistochemistry for BrdU and HuC/D (a 
neuronal marker) was performed to determine the number of new neurons present in the DC after 
treatment. Preliminary results for experiment 1 have shown no significant difference in DC and 
MC volume between BS and NBS lizards (t < 1.10, p > 0.385, n = 2). Additionally, experiment 2 
preliminary results suggest that there may be a decrease in new neuron survival with T (n = 5) 
compared to blank (n = 3; t = 2.35, p = 0.057). These preliminary results suggest that DC and 
MC volume does not change seasonally, but steroid hormones may promote increased turnover 
of new neurons. Data collection for both experiment 1 and 2 is in progress and we will also 
examine new neuron numbers in animals treated with E2 and DHT. 
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Abstract: Antisocial behavior (AB) is a neuropsychiatric disorder characterized by inappropriate 
and often exaggerated aggressive and violent responses. Ample evidence has shown that the 
pathogenesis of aggression reflects the synergism of genetic and environmental vulnerability 
factors; in particular, the best-characterized gene x environment (GxE) interaction in AB 
concerns: 1) a low-activity variant of the MAOA gene, encoding the enzyme monoamine oxidase 
A; and 2) child neglect and/or abuse. Our lab has recently developed the first mouse model of 
this GxE interaction, based on exposing hypomorphic MAOA mutants (MAOANeo) to early 
stress (ES) during the first week of postnatal life. In line with clinical evidence, adult male 
MAOANeo mice subjected to this manipulation exhibit a marked increase in aggression, as 
compared to their non-stressed (NS) or wild-type (WT) controls. One of the major problems in 
AB management lies in its association with abuse of psychoactive substances, and, most notably, 
cannabis. This comorbidity may reflect a self-therapeutic attempt; indeed, low doses of the main 
psychoactive ingredient of cannabis, Δ9-tetrahydrocannabinol (THC), have been shown to reduce 
aggression. The antiaggressive effects of cannabis are posited to be mediated by cannabinoid 1 
receptors (CB1Rs) in key brain regions that orchestrate the emotional response to threat, such as 
amygdala and hypothalamus. Nevertheless, the neurobiological bases of the comorbidity 
between cannabis abuse and aggression remain unclear. To address this issue, we hypothesized 
that the aggression in ES-exposed MAOANeo mice may be underpinned by brain-regional 
changes in CB1Rs. In line with this idea, we found that adult male ES-MAOANeo mice displayed 



increased levels of hypothalamic CB1Rs. Furthermore, low-dose THC (0.03 mg/kg, IP) 
selectively ablated aggressive responses in adolescent ES-exposed MAOANeo mice, without 
affecting their locomotor behavior. Notably, these effects were dissociated from changes in 
anxiety-related changes and prevented by a selective CB1R antagonist, AM251 (1 mg/kg, IP). 
These results collectively suggest that CB1Rs are directly and selectively implicated in the 
regulation of GxE interactions in AB. Ongoing studies in our lab are currently assessing the 
temporal trajectory of the alterations in the endocannabinoid system with respect to the ontogeny 
of aggression, as well as the anti-aggressive mechanisms of THC. 
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Abstract: Death by suicide is 4 to 10 times higher among schizophrenia patients than in the 
general population. At odds with the general population, there is now compelling evidence 
suggesting that the pathophysiology of suicide in schizophrenia does not involve serotonergic 
neurotransmission. We recently described and characterized a murine Two-Hit Model of 
Suicide-related behaviors in a schizophrenia-like context (THMS) involving gestational 
inflammation followed by adolescent social isolation (SI). In this model, pregnant C57BL/6 mice 
are injected with polyinosinic/polycytidylic acid (PolyI:C) 20 mg/kg at gestational day 12 and 
their offspring are submitted to SI from postnatal (PN) days 21 to 53. In this THMS, clozapine 
normalized prepulse inhibition, aggressiveness, impulsivity and anxiety-like behaviours (1). 
While the basis of clozapine superior effectiveness on suicidal behaviors in schizophrenic 
patients is not well understood, previous works has revealed that clozapine alters central 
neurosteroid (NS) levels, such as allopregnanolone. 
Methods. As a preliminary step to ascertain a potential NS involvement, we submitted control 
and THMS mice to daily intraperitoneal administration (from PN43 to PN53) of 5-alpha-



reductase inhibitor finasteride (50 mg/kg) before clozapine (3 mg/kg) or vehicle injection. 
Clozapine and finasteride were administered 30 min and 20 h before behavioural testing, 
respectively. Prepulse inhibition (PN50), elevated plus maze (PN51), resident intruder test 
(PN52) and forced swim test (PN53) were then performed to assess the sensorimotor gating, 
anxiety-like behaviours, aggressiveness, and depressive-like responses, respectively. Mice were 
then sacrificed for biochemical analyses. 
Results. As previously reported, male THMS mice were more aggressive and impulsive than 
controls. In the THMS only, finasteride treatment further increased aggressiveness (# attacks 
+123 % (p<0.01); time spent attacking +70% (p<0.05)) and impulsiveness (55 % decrease in the 
latency before the first attack, p<0.05). Clozapine essentially normalized these parameters under 
both conditions (THMS or THMS + finasteride), without any evidence of a specific interaction 
with finasteride. 
Conclusion. These results thus suggest that neurosteroids may intervene in the control of 
aggression in the THMS model, but do not specifically underlie the beneficial effects of 
clozapine. 
(1) Deslauriers, J., et al., A two-hit model of suicide-trait-related behaviors in the context of a 
schizophrenia-like phenotype: Distinct effects of lithium chloride and clozapine. Physiol Behav, 
2016. 156: p. 48-58. 
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Abstract: During the perimenopause - a transition period that precedes menopause - women 
experience mood disorders like anxiety, depression as well as episodes of irritability and 
aggressiveness, which can be related to the hormonal changes like low levels of progesterone 
and testosterone as well as elevated or normal concentrations of estrogens. In rodents, 4-
vinylcyclohexene diepoxide (VCD) induces a gradual depletion of ovarian follicles, modeling 
the transition to menopause in women. We aimed here at investigating if aggressive behavior is 
also expressed in this animal model. Female Wistar rats (28 days old) were treated with VCD 
(160mg/Kg s.c) or oil for 15 consecutive days. Sixty five days after the onset of VCD treatment, 
rats were placed in individual cages, and the estrous cycle was verified daily. Around 10 days 
after, rats with regular cycles in the diestrus phase were submitted to social instigation for 5 min 
followed by the Resident-Intruder test for 10 min. The recorded behavior was analyzed for 
offensive aggression (lateral threat, clinch attack, keep down, bites, upright posture, chase and 
move towards) and defensive aggression (move away, defensive upright and submissive 
posture). VCD-treated rats exhibited higher frequency of offensive aggression, lower frequency 
of defensive aggression and lower attack latency (p<0,05). There was a significant increase in the 
offensive behaviors clinch attack and bites and a decrease in the defensive behavior move 
towards (p<0,05). There was no difference among non-aggressive behaviors like social and non-
social exploration, rearing and grooming, suggesting that locomotor activity was not impaired by 
the VCD-treatment. The higher aggressive behaviors displayed by rats in periestropause are 
similar to those exhibited by women, indicating that this animal model is suitable for the studies 
of perimenopause. These results incite new researches about the impact of the perimenopausal 
hormonal changes in the neural mechanisms that regulate aggressiveness. 
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Abstract: A critical challenge in neuroscience is determining how complex behaviors arise from 
rapidly changing circuitry in the brain. Early in life, animals initiate a broad repertoire of 
behaviors essential for survival, such as feeding, sleeping, and aggression. Somehow, young 
animals know how to engage in these activities, and for this reason, such innate behaviors are 
often referred to as “hard-wired”. However, innate behaviors can arise from immature underlying 
neural processes, show dramatic ontogenetic change, and be altered by experience, indicating 
that these circuits are highly dynamic and modifiable. Aberrant emergence of social behaviors in 
early life is a hallmark of human neurodevelopmental disorders, emphasizing the importance in 
gaining a mechanistic understanding of behavioral ontogeny. We are using the model system 
Drosophila to dissect the neural, molecular, and genetic logic underpinning the gating of 
aggression in early life. 
We have found that newly eclosed male flies do not exhibit aggressive behaviors for the first 24 
hours of adult life; this finding does not reflect a generalized inability to enact complex 
behaviors, as male flies begin courting females as early as 4 hours post eclosion. As flies age, 
aggression becomes increasingly robust: older flies display a greater number of aggressive 
behaviors, a decreased latency to initiate aggression upon encountering another male fly, and 
increased tendency to establish dominance over a fighting partner. To discover novel regulators 
of aggression ontogeny, we have undertaken a thermogenetic screen to identify neurons and 
circuits that can drive aggression in juvenile flies. Activation of neurons defined by two Gal4 
lines, YF1 and YF2, strongly promotes aggressive behaviors on the first day of adult life, when 
flies are normally non-aggressive. On-going work aims to determine how these neuronal 
populations interact with each other and with previously characterized regulators of mature 
aggression to modulate the developmental gating of aggressive behaviors in Drosophila. These 
studies will provide fundamental insights into the neurobiological mechanisms that regulate the 
maturation of essential behaviors. 
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Title: mGluR2 mediates the interaction between low MAO A activity and early stress model of 
aggression 
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Abstract: Pathological reactive aggression is a neurodevelopmental condition with devastating 
socioeconomic ramifications. The pathogenesis of this disorder is largely governed by the 
interplay between gene x environmental (GxE) factors. One of the best characterized genes for 
aggression is monoamine oxidase A (MAOA), the primary metabolic enzyme for serotonin (5-
HT) and norepinephrine degradation. A host of evidence has shown that individuals with low 
MAOA activity allelic variants, who have been subjected to early life neglect and/or abuse, are 
predisposed to aggression and antisocial behaviors. 
Based on these clinical findings, we developed a novel animal model of this GxE interaction by 
subjecting non-aggressive MAOA hypomorphic mutant mice (MAOANeo) to daily early stress 
(ES, maternal separation and saline injection) from postnatal day 1 through postnatal day 7 
(PND1-7). Adult ES-MAOANeo mice exhibit high levels of aggression compared to the wild-type 
littermates and non-stressed MAOANeo counterparts. These behaviors were accompanied by a 
gradual reduction in N-methyl-D-aspartate receptor (NMDAR) expression and function in the 
prefrontal cortex in adulthood, likely contributing to a prefrontal disinhibition over subcortical 
circuits. 
Previous studies revealed that ES-MAOANeo pups displayed elevated levels of 5-HT, as well as 
the 5-HT receptor 2A (5-HT2A) in the prefrontal cortex at PND7. Selective pharmacological 5-
HT2A blockade during the first postnatal week attenuated the aggressive behaviors and NMDAR 
deficits in ES-MAOANeo mice, suggesting that 5-HT2A hyperstimulation in early stages mediates 
aggression. However, it is unclear how NMDAR function in adulthood is affected by early 5-
HT2A receptor alterations. 
Building on these premises, recent evidence has indicated that 5-HT2A receptors inversely 
mediate the properties of metabotropic glutamate receptor 2 (mGluR2), a modulator of NMDAR 
function, through the formation of heteromeric complexes. Here we found that ES-MAOANeo 
mice display reduced mGluR2 expression in the prefrontal cortex at PND 7. Pharmacological 
treatment with the mGluR2 positive allosteric modulator biphenylindanone A (BINA, 30 mg/kg, 
IP) during the first postnatal week elicited a robust reduction in aggression in ES-MAOANeo 
animals. These findings suggest that the interaction between low MAOA activity and early stress 
in aggression is likely contributed by 5-HT2A receptor-mediated disruption of mGluR2 during 
early stages. 
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Abstract: Glucocorticoid dyshomeostasis is implicated in the pathophysiology of stress-related 
disorders (i.e., depression and anxiety). Glucocorticoids exert their biological effects by acting 
on Type I (mineralocorticoid MR) and Type II (glucocorticoid GR) receptors. Accordingly, 
compounds targeting both MR and GR are being pursued as putative antidepressants and 
anxiolytics. Women are twice as likely to suffer from stress-related disorders which may be due 
to sex differences in glucocorticoid production. For example, female rodents display heightened 
hypothalamic-pituitary-adrenal (HPA) axis activity (increased basal and stress-induced 
glucocorticoid concentrations) relative to male rodents. Previous data from our laboratory 
indicate that in most cases, compounds targeting GR dampen central (c-Fos), endocrine, and 
behavioral stress responses in males. Because of the dynamic interplay between MR and GR in 
regulating HPA axis tone, compounds targeting both receptor subtypes are of interest for stress-
related pathology. In this vein, we have determined that CORT 118335, a dual selective GR 
modulator/MR antagonist, attenuates endocrine and metabolic stress responses in males. Given 
the female biased increase in endocrine and behavioral stress responses, this study sought to 
assess potential sex differences in the efficacy of CORT 118335 to modulate central (c-Fos), 
endocrine, and behavioral stress responses. To accomplish this goal, adult male and female rats 
were treated for 5 days with either vehicle, CORT 118335, or imipramine (tricyclic 
antidepressant) and exposed to restraint (Experiment 1) or forced swim test (FST) (Experiment 
2) stress. CORT 118335 significantly dampened corticosterone stress responses in both sexes. 
Notably, imipramine dampened corticosterone stress responses in males, but increased 
corticosterone responses in females. The neuroendocrine stress dampening properties of CORT 
118335 did not impact behavioral responses in the FST in either sex. CORT 118335 did not 
affect c-Fos expression in response to FST exposure in the hippocampus in males, but increased 
c-Fos expression in the CA1 in females. Interestingly, imipramine dampened c-Fos expression in 



the hippocampus (CA1 and CA3) in males, but had no effect in these areas in females. 
Imipramine decreased c-Fos expression in the basolateral amygdala in both sexes, but increased 
c-Fos expression in the central amygdala in females only. These data indicate sex differences in 
the efficacy of these compounds to modulate central and endocrine stress responses and suggest 
differential recruitment of neural circuits during stress exposure in males and females. 

Disclosures:  E.T. Nguyen: None. J.L. Caldwell: None. J. Streicher: None. S. Berman: 
None. V. Ghisays: None. C.M. Estrada: None. M.B. Solomon: 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; Corcept Therapeutics. C. Other Research Support 
(receipt of drugs, supplies, equipment or other in-kind support); Corcept Therapeutics. 

Poster 

725. Glucocorticoid Actions 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 725.02/WW12 

Topic: F.04. Stress and the Brain 

Support: CONACYT 180009 

 DGAPA IN-204316 

Title: Corticosterone interferes with the response of TRHergic hypophysiotropic neurons to 
neural stimulation by attenuation of CREB phosphorylation. Mechanism involves GR interaction 
with catalytic subunit of PKA. 

Authors: *I. SOTELO RIVERA, R. M. URIBE, A. COTE-VÉLEZ, J.-L. CHARLI, P. 
JOSEPH-BRAVO;  
Inst. de Biotecnologia, UNAM, Cuernavaca, Mexico 

Abstract: Cold exposure activates the hypothalamic-pituitary-thyroid (HPT) axis, increasing the 
expression of thyrotrophin releasing hormone (TRH) in hypophysiotropic neurons of the 
paraventricular nuclei of the hypothalamus (PVN), TRH release into the portal blood, 
thyrotrophin (TSH) and thyroid hormone concentrations in serum. Stress inhibits the activity of 
the HPT axis and we have recently shown that a previous stress exposure as well as a 
corticosterone injection interferes with the response of the HPT axis to acute cold (1). We have 
characterized the response elements of the TRH gene promoter that bind phosphorylated CREB 
(CRE), and the dexamethasone activated glucocorticoid receptor (GR) GRE, and demonstrated, 



in primary cultures of hypothalamic cells that the combined treatment of PKA activators and 
dexamethasone interfere with the stimulatory effect of cAMP on TRH mRNA levels, on TRH 
transcription and on pCREB binding to CRE or GR binding to GRE (2); the latter process does 
not involve chromatin compaction (I. Sotelo-Rivera in preparation). We now evaluated the 
degree of CREB phosphorylation in PVN-TRH neurons of rats injected with corticosterone and 
exposed 1h to cold, measuring the total amount of cells expressing proTRH mRNA (detected by 
in situ hybridization) and pCREB, measured by immunocytochemistry. pCREB and 
TRHergic/pCREB neurons were increased by cold exposure but this was attenuated by 
corticosterone treatment. We confirmed in neuroblastoma cell line SH-SY5Y the results 
previously obtained in hypothalamic primary cell culture providing clear evidence for 
diminished pCREB in cells coincubated with forskolin and dexamethasone compared to 
forskolin alone. This combined treatment attenuated the proper translocation of GR or PKAc to 
the nucleus, compared to that observed with cells incubated only with forskolin or 
dexamethasone. Coimmunoprecipitation analyses confirmed protein-protein interaction between 
GR:PKAc. These results strongly support that the interaction of GR with PKAc might be 
responsible for the diminished CREB phosphorylation induced by cAMP or neuronal activation. 
(1) I. Sotelo-Rivera,et al., 2014. Journal of Neuroendocrinology, 26, 861-869. (2) M. Y. Díaz-
Gallardo et al., 2010. Journal of Neuroendocrinology, 22, 282-293. 
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Abstract: Classical glucocorticoid receptor (GR) signaling as a transcription factor begins with 
ligand binding to the intracellular GR, release of the GR from chaperone proteins and 
dimerization, and translocation of the GR dimer to the nucleus, where the GR binds to the 
glucocorticoid response element (GRE) to regulate GRE-dependent transcription. We studied 
GR nuclear translocation via activation of a putative membrane GR in a murine hypothalamic 
cell line, mHypoE-N42, which expresses endogenous GR. We found that the GR synthetic 
agonist dexamethasone (Dex) conjugated to bovine serum albumin (Dex-BSA), which is 
membrane limited, is able to rapidly induce nuclear translocation of the GR. Using a GR 
antibody and intensity analysis of the nuclear-to-cytoplasmic ratio of GR-immunoreactivity, we 
found that nuclear translocation of GR was increased equally by Dex and Dex-BSA within 20 
minutes. We confirmed the Dex- and Dex-BSA-induced GR translocation to the nucleus in 
primary hypothalamic neurons cultured from male P1 C57/BL6 mice. The Dex-BSA-induced 
nuclear translocation suggests the mobilization of an unliganded GR by signaling from the 
membrane. Akt activation blocked Dex-BSA-, but not Dex-mediated GR nuclear translocation, 
suggesting an alternative nuclear localization pathway may be initiated by membrane signaling. 
COS7 cells, which have no endogenous GR, were transfected with GR-GFP, and responded to 
both Dex and Dex-BSA treatment with GR nuclear translocation, suggesting that GR is sufficient 
for membrane-initiated nuclear translocation of GR. Dex treatment resulted in an increase in 
GRE-mediated transcription, detected with a GRE-luciferase assay, but Dex-BSA treatment for 
up to an hour did not result in an increase in GRE-luciferase activity. This suggests that the 
mobilization of the unliganded GR by Dex-BSA does not produce a transcriptionally active GR 
at the GRE, and serves as a control for the restriction of the Dex-BSA actions to the membrane. 
Thus, signaling from an unidentified membrane-associated receptor stimulates nuclear 
trafficking of GR, which is not transcriptionally active at the GRE. However, the unliganded GR 
may act on other transcriptional regulators to mediate some of the genomic effects of 
glucocorticoids. 
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Title: Intracellular signaling pathway of the membrane glucocorticoid receptor responsible for 
endocannabinoid modulation of excitatory synaptic inputs to hypothalamic neuroendocrine cells 
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Abstract: The hypothalamus controls homeostatic functions and acts as a site for crosstalk 
between brain circuits controlling fluid regulation, reproduction and the stress response. 
Glucocorticoids (GCs) secreted into the blood during stress activation of the hypothalamic-
pituitary-adrenal (HPA) axis feed back on the hypothalamus to inhibit HPA activation and curtail 
the stress response. GCs have rapid inhibitory actions on neuroendocrine cells in the supraoptic 
and paraventricular nuclei (SON/PVN) by activation of a putative membrane glucocorticoid 
receptor and downstream synthesis of the endocannabinoid 2-arachidonoylglycerol (2-AG) and 
retrograde suppression of glutamate release at excitatory synapses. Here, we used whole-cell 
patch-clamp recordings and pharmacological manipulations in hypothalamic slices to further 
explore the intracellular signaling pathway responsible for 2-AG synthesis by activation of the 
membrane glucocorticoid receptor. Using the synthetic glucocorticoid dexamethasone (Dex), we 
found that the rapid glucocorticoid-induced 2-AG suppression of excitatory synaptic inputs to 
magnocellular neurons is dependent on the activation of PKA, PKC, ERK, and SRC signaling 
pathways, as well as on inositol triphosphate receptor-mediated calcium release. PKA was found 
to be upstream of PKC and ERK in the signaling pathway. Interestingly, while PKC inhibition 
blocked the glucocorticoid-induced endocannabinoid suppression of excitatory synaptic inputs, 
PKC activation alone was not sufficient to activate endocannabinoid release, which suggested a 
bifurcation in the intracellular signaling pathway. In support of this, phospholipase C activation 
stimulated the endocannabinoid-mediated suppression of excitatory inputs, suggesting that both 
phospholipase C-induced intracellular calcium release and PKC activation may be necessary for 
the endocannabinoid suppression of glutamate release. Preliminary findings and other published 
studies suggest that SRC is a potential link between PKA and phospholipase C. These results 
suggest a model of the signaling by the membrane glucocorticoid receptor in hypothalamic 
neuroendocrine cells that includes PKA activation, which in turn activates SRC and 
phospholipase C, which leads to intracellular calcium release and PKC activation, which causes 
ERK activation. ERK then stimulates 2-AG synthesis, which is released retrogradely at 
excitatory synapses to suppress glutamate release. 
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Abstract: Activation of the hypothalamic pituitary adrenal (HPA) axis enables homeostatic 
responses to environmental changes by increasing glucocorticoid (GC) production. Yet, chronic 
HPA activation alters behaviors in rodents and increases risk for neuropsychiatric disorders in 
humans, emphasizing the importance of understanding its regulation. The principle regulator of 
the HPA axis is CRH, a glucocorticoid regulated neuropeptide synthesized and secreted by 
neurons of the hypothalamic paraventricular nucleus (PVN). Largely through binding to the 
glucocorticoid receptor (GR), GCs directly down-regulate PVN CRH expression to maintain 
basal and stress-induced HPA activity within homeostatic limits. Despite its significance, the 
molecular mechanisms underlying GC negative regulation of CRH remain poorly understood. To 
inhibit PVN Crh expression, GCs can influence Crh transcription either through direct DNA 
binding mechanisms or indirect interactions with other signal transduction pathways. Initially, 
using immunohistochemistry on CRH-cre:tdTomato (Ai14) mice in which CRH neurons are 
permanently tagged with a tdTomato fluorphore, we demonstrated expression of GR in virtually 
all CRH neurons of the PVN. To then determine if GRs are involved in the effects of acute 
glucocorticoid treatment on HPA activity and Crh expression we utilized digital droplet PCR 
(ddPCR) to allow us to measure, with a high degree of sensitivity and accuracy, absolute levels 
of CRH mRNA and primary transcript (heterologous nuclear RNA; hnRNA) in micropunched 
PVN. 48 hrs after adrenalectomy (ADX), male C57bl5/J mice were injected with RU28362 (0.4 
mg/kg BW; a selective GR agonist) or Vehicle and then challenged with a 20-minute restraint 
stress. Mice were sacrificed immediately at the end of restraint (stressed mice) or after removal 
from their homecage (unstressed mice). Brains were frozen, thick coronal sections were taken, 
and the paraventricular nuclei were micropunched. Absolute levels of CRH mRNA and CRH 
hnRNA were measured using ddPCR. Results show that RU282362 treatment decreases CRH 
hnRNA compared to vehicle treated controls in unstressed animals (P<0.05). Following the 20’ 



restraint stress we also observed a significant decrease in CRH mRNA (P<0.01) and hnRNA 
(P<0.01), which was potentiated by RU28362. These data indicate that GCs can act through GR 
to rapidly suppress HPA activity and, moreover, restraint stress can also rapidly reduce CRH 
transcription. Our results ultimately suggest that GR plays a role in down-regulating PVN CRH 
in a context dependent manner. 
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Abstract: Anxiety disorders constitute a major disease and social burden worldwide, however 
many questions concerning the underlying molecular mechanisms still remain open. Besides the 
involvement of the major excitatory (glutamate) and inhibitory (GABA) neurotransmitter circuits 
in anxiety disorders, the stress system has been directly implicated in the pathophysiology of 
these complex mental illnesses. The glucocorticoid receptor (GR) is the major receptor for the 
stress hormone cortisol (corticosterone in rodents) and is widely expressed in excitatory and 
inhibitory neurons, as well as in glial cells. However, currently it is unknown which of these cell 
populations mediate GR-actions that eventually regulate fear and anxiety-related behaviors. In 
order to address this question, we generated mice lacking the receptor specifically in forebrain 
glutamatergic or GABAergic neurons by breeding GRflox/flox mice to Nex-Cre-mice or Dlx5/6-Cre 
mice, respectively. GR deletion specifically in glutamatergic, but not in GABAergic neurons 
induced hypothalamic-pituitary-adrenal axis hyperactivity, and reduced fear and anxiety-related 
behavior. This was paralleled by reduced GR-dependent electrophysiological responses in the 
basolateral amygdala. Importantly, viral-mediated GR deletion additionally showed that fear 
expression, but not anxiety, is regulated by GRs in glutamatergic neurons of the BLA. This 



suggests that pathological anxiety likely results from altered GR signaling in glutamatergic 
circuits of several forebrain regions, while modulation of fear-related behavior can largely be 
ascribed to GR signaling in glutamatergic neurons of the BLA. Collectively, our results reveal a 
major contribution of GRs in the brain’s key excitatory, but not inhibitory neurotransmitter 
system in the regulation of fear and anxiety behaviors, which is crucial to our understanding of 
the molecular mechanisms underlying anxiety disorders. 
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Abstract: Stress induces hypothalamus-pituitary-adrenal axis activation and increase in 
circulating glucocorticoids (GCs). Major brain target of GC is the hippocampus, in which acute 
and chronic stressful stimuli induce changes in neuronal activity and synaptic functions, relying 
on circuit remodelling largely mediated by gene expression modifications. GCs are anti-
inflammatory, used as treatment in a variety of pathologies, including the Duchenne Muscular 
Dystrophy (DMD), a lethal, X-linked disease characterized by progressive muscular wasting 
consequent to lack of dystrophin (Dp427). Dp427 is a cytoskeletal protein highly represented in 
muscles, but also expressed by several brain regions, including hippocampus. As a consequence, 
DMD patients also experience various neurological disorders. In this study, we analysed whether 
GC treatment affected hippocampal neuron physiology, both in vitro and in vivo, focusing on the 
modulation of GC receptor (GR) expression and activation. GR mRNA and protein levels were 



analysed in hippocampal neuron cultures from E18 wild type (WT) and dystrophic mdx mice, 
following acute incubation with either 1 µM or 10 µM corticosterone (CORT). In WT mouse 
neurons, GR mRNA levels significantly increased (1.5 folds) after both treatments, compared to 
control (vehicle alone). Differently, in mdx mouse neurons, mRNA levels increased slightly only 
after 1µM CORT incubation. Protein levels (Western blot) and intensity of immunolabeling for 
GR and active pGR (phosphorylated) changed accordingly to mRNA results. These first data 
suggest that the GC-GR intracellular signalling in mdx mouse neurons could be less effective 
compared to WT, negatively affecting GR mRNA synthesis and consequent post-transcriptional 
modifications. Alternatively, mdx mouse neurons could be “pre-sensitized” during gestation by 
blood-derived GCs of pregnant mothers, which are afflicted by mild myodegeneration and 
inflammation. This might induce a sort of negative feedback, as described in vivo. Acute in vivo 
treatment, gave different results. One hour after CORT injection, levels of pGR increased 
significantly in both WT and mdx mouse hippocampi. GR protein levels, instead, significantly 
decreased in WT mice (negative feedback response), but remained similar to control in mdx 
mice. This result reinforces the idea that GC-GR intracellular signaling, and/or stress modulation 
by other factors (i.e. sympathetic neuron activity), could be affected in dystrophic mice. 
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Abstract: Chronic restraint stress (CRS) has been shown to increase acute stress-induced 
corticosterone (CORT) secretion in rats through a mechanism involving increased serotonin (5-
HT) levels in the adrenal cortex. Similarly, chronic stress increases expression of 5-HT 
transporter (5-HTT) in the central nervous system. The purpose of the present study was to 
investigate whether 5-HTT-like immunoreactivity (5-HTT-LI) and expression may also be 
increased in the adrenal glands as a result of CRS exposure. In addition, we asked the question 



whether potential CRS-induced changes in adrenal 5-HTT might be glucocorticoid-dependent. 
We examined the effect of CRS (20 min/day) as compared to control (CTRL) home cage 
conditions for 14 days on 5-HTT-LI in adrenal gland sections and 5-HTT protein levels in whole 
adrenal glands. On the other hand, the effect of a chronic 14-day treatment with CORT (20 
mg/kg, s.c. per day for 14 days) as compared to vehicle (VEH; 1 mL/kg, s.c.) was also evaluated 
on 5-HTT-LI and 5-HTT protein in adrenal glands. 5-HTT-LI and 5-HTT protein levels in 
adrenal glands were determined, respectively, by immunohistochemistry and Western blot 
experiments using specific antibodies. CRS decreased body weight gain and relative thymus 
weight while increasing relative adrenal weight. Furthermore, CRS markedly increased 5-HTT-
LI in the adrenal cortex as compared to CTRL treatment; this change involved an increased 
expression of 5-HTT as an increased amount of protein was detected in adrenals from CRS 
animals. Interestingly, whereas chronic CORT treatment induced a significant decrease of body 
weight gain and relative thymus weight, it evoked a significant involution of adrenal glands with 
respect to VEH treatment. Similar to CRS, chronic CORT treatment induced an increase of 5-
HTT-LI in the adrenal cortex as compared to VEH as well as an increased amount of 5-HTT 
protein in whole adrenal glands. Together, these results suggest that CRS-induced up-regulation 
of 5-HTT in the adrenal glands is a glucocorticoid-dependent effect that might be associated with 
the mechanism of endocrine dysregulation leading to increased stress-induced CORT secretion 
in rats. Whether the adrenocortical 5-HTT could be a target of antidepressant 5-HT reuptake 
inhibitors remains to be investigated. CRS-induced adrenal gland hypertrophy seems to be a 
glucocorticoid-independent phenomenon. 
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Abstract: Our previous study suggested that various drugs of abuse causing alterations of brain 
gene expression may involve glucocorticoid mechanisms. The aim of the study was to identify 
using next-generation sequencing the specific transcriptional alterations in the nucleus 
accumbens (Nac) in opioid-dependent mice and protracted withdrawal mice. We used C57Bl/6J 
mice injected acutely with morphine, or injected chronically with increasing dose of the drug 
twice a day. The transcriptome analyses were accompanied by the estimation of corticosterone 
level in the blood. Acute morphine (20 mg/kg 4h after injection) activated expression of several 
genes (Fkbp5, Zbtb16, Tsc22d3, Slc2a1, Plin4; FDR<0.1) regulated by GR-receptor, as well as 
activity-dependent genes (Fos,Fosl2) and group of genes such as Camk1g, Trim2 or Gpr83, 
which are suggested to be involved in neuronal plasticity. Prolonged treatment with morphine led 
to significant increase in GR-regulated genes and circadian clock genes (Per1, Per2, Per3) in the 
Nac of opioid-dependent mice. These changes were positively correlated with the peak of 
corticosterone in the blood. All the alterations in the transcriptome were transient and absent in 
protracted withdrawal mice that displayed a depressive–like behavior. In order to identify 
transcriptional changes in the specific striatal cell types of mice treated with a single dose of 
morphine or dexamethasone (a GR ligand) we isolated primary neurons and astrocytes utilizing 
MACS sorting technology. The study revealed that the vast majority of the GR genes are altered 
in astrocytes but not in neurons. The study indicates that stress and circadian systems in the Nac 
may affect the reward circuit using GR-dependent molecular pathways within astrocytes. The 
mechanism may be essential for development of opioid tolerance, dependence and addiction, and 
predict molecular targets for future therapies. 
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Abstract: A hallmark pathophysiological change in neuropsychiatric disorders is alterations in 
the hypothalamic-pituitary-adrenal (HPA) axis activity. The HPA axis mediates vertebrate-
specific systemic stress response (SR) through biphasic glucocorticoid receptor (GR) signaling 
comprising rapid non-genomic and slower genomic responses. It is largely unknown how 
changes in non-genomic GR response lead to lasting alterations in genomic response. Leveraging 
that the HPI (interrenal cells) axis in zebrafish is a functional homologue to the HPA axis, we 
hypothesized that zebrafish locomotor response to hyperosmotic stimulation (100 mM NaCl) is 
dependent on the HPI axis and rapid non-genomic GR signaling. This larval zebrafish locomotor 
assay provides a versatile platform that can dissect molecular components of non-genomic 
glucocorticoid signaling independently from any genomic response. By measuring locomotor 
response, genomic GR activation, cortisol levels, and drug response to selected antagonists using 
zebrafish mutants in the HPI axis, we have demonstrated that the locomotor response is 
dependent on mc2r (adrenocorticotropic hormone receptor). Both GR somatic mutants injected 
with TALENs and GR germline mutants have significantly decreased genomic response shown 
by the level of GR transcripts and glucocorticoid response element activation. However, rapid 
locomotor response to hyperosmotic stress is not decreased in GR germline mutants whereas 
significantly decreased in GR-targeting TALEN-injected fish. We are investigating translational 
GR isoforms potentially responsible for non-genomic response in germline mutants by targeting 
alternative loci in GR with different TALENs and TALEN-mediated precision knock-in 
strategies. Dissecting non-genomic and genomic GR response with genetic perturbation may lead 
to an establishment of a versatile assay system to investigate vertebrate SR and identification of 
components in non-genomic GR response. 
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Abstract: Chronic restraint stress (CRS) increases acute stress-induced corticosterone (CORT) 
secretion in rats apparently through an ACTH-independent mechanism involving 5-HT7 
receptors, and also increases the amount of 5-HT7 receptors in the adrenal cortex. Furthermore, 
ectopic expression of adrenocortical 5-HT7 receptors has been reported in human ACTH-
independent glucocorticoid-producing adrenal tumors. In this study we asked the question 
whether CRS-induced changes in adrenocortical 5-HT7 receptors are glucocorticoid-dependent. 
The effect of a chronic 14-day treatment with CORT (50 mg/kg, s.c., per day) as compared to 
that of vehicle (VEH; 1 mL/kg, s.c., per day) was evaluated on: 1) 5-HT7 receptor-like 
immunoreactivity (5-HT7-RLI) in adrenal gland sections; 2) 5-HT7 receptor protein in whole 
adrenal glands; and 3) baseline (0 min) and restraint (10 and 30 min)-induced ACTH and CORT 
secretion. One day after completion of treatments (on day 15), one group of animals of both 
treatments were anesthetized and perfused with fixative via the ascending aorta; another group of 
VEH- and CORT-treated animals were decapitated and trunk blood, adrenal glands and thymus 
were collected. 5-HT7-RLI and 5-HT7 receptor protein levels in adrenal glands were determined 
by immunohistochemistry and Western blot assays, respectively, using specific antibodies; 
hormone levels were measured using commercially available Elisa kits. Chronic CORT 
treatment significantly decreased body weight gain and thymus weight; in contrast to 
observations in chronically stressed animals however, chronic CORT evoked a significant 
involution of adrenal glands with respect to VEH treatment. Chronic CORT treatment induced a 
modest but noticeable increase of 5-HT7-RLI in the adrenal cortex as compared to VEH with the 
signal predominantly located in adrenocortical zona fasciculata cells. In addition, a significant 
increase in the amount of adrenal 5-HT7 receptor protein was detected in CORT- as compared to 
VEH-treated animals. Finally, chronic CORT treatment evoked a significant decrease of stress-
induced secretion of ACTH at 10 min of restraint along with a trend towards a decrease of 
ACTH levels at 0 min (baseline) and 30 min of restraint; also, significantly higher CORT levels 
were detected at 0 min, but not at 10 and 30 min of restraint in CORT-treated animals. Results 
support the notion that CRS-induced increase of adrenocortical 5-HT7 receptors is partly 
dependent on glucocorticoids; the development of hypercorticolemia during chronic stress 
however may involve additional mechanisms further to increased 5-HT7 receptor expression in 
adrenocortical steroidogenic cells. 

Disclosures:  N. Saroj: None. S.A. Mendoza-Contreras: None. S. shanker: None. M. Noyola-
Diaz: None. J.A. Terrón: None. 



Poster 

726. Early-Life Stress: Perinatal 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 726.01/WW22 

Topic: F.04. Stress and the Brain 

Support: R01-MH091451 

 R37-HD083217 

 R01-AA023181 

Title: Early life trauma has life-long consequences for sleep 

Authors: *M. P. LEWIN1,3,4, R. M. SULLIVAN3,2, D. A. WILSON3,2;  
1NYU, New York City, NY; 2NYU, New York, NY; 3Emotional Brain Inst., Nathan Kline Inst., 
Orangeburg, NY; 4Sackler, NYU Sch. of Med., New York, NY 

Abstract: Early life adversity is linked increased the incidence of later life psychiatric diseases 
related to anxiety, depression, anger, and antisocial behaviors. Individuals who have experienced 
trauma in early life are also reliably found to have a higher incidence of sleep problems, 
however, these human data generally rely on self-report and actigraphy, thus they provide 
limited insight into potential specific sleep mechanisms affected, and it remains unclear whether 
sleep disturbance is a consequence of psychiatric outcomes, or rather, a cause. Here, we used a 
naturalistic model of early life trauma in the rat where mothers are supplied insufficient wood 
shavings for nest building during specific postnatal periods of pup development (from 8-12 days 
old). The dearth of resources produces aberrant maternal behavior and harsh, mistreatment of the 
pups. Though they do not suffer from abnormal postnatal weight gain, pups in this low shavings 
(LS) condition exhibit robust behavioral and neurological disturbances across the lifespan, 
including depressive-like behavior, disordered social behavior, impaired emotional learning (fear 
conditioning), as well as altered neural function. We monitored sleep-wake function and 
circadian rhythms at 3 different points across the lifespan, recording from 7 age-matched LS-
CON pairs in each age group: adolescence (PN 21-30), young adulthood (2-4 months old), and 
older adulthood (6-10 months old), using telemetry cortical local field potential recordings and 
EMG. Data were collected continuously for each pair for up to 72 hrs. Our initial results 
demonstrate not only a difference in sleep physiology after early life trauma, but a trajectory of 
sleep dysfunction that changes across the lifespan. Postnatally abused animals show abnormally 
consolidated NREM sleep in early life (longer bouts of NREM sleep, greater NREM delta 
power) which shifts to NREM deficiency (NREM fragmentation, reduced NREM delta) in older 
adulthood. Future experiments will examine whether this sleep pathology may be bidirectionally 



related to the neurobehavioral deficits associated with early life trauma, and specifically whether 
sleep repair can ameliorate its lasting cognitive/emotional consequences. 
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Abstract: Early life trauma, particularly during the developmental sensitive period for infant 
attachment, is a major risk factor for later-life vulnerability to psychiatric disorders characterized 
by heightened fearfulness. The basolateral amygdala (BLA), long known for its integral role in 
threat response, has recently been shown to be hyper-responsive following early life abuse from 
the caregiver. However, the anatomical substrates that mediate increased responsiveness of the 
BLA at a synaptic level are unknown. Here, we use a rodent model of maternally-induced trauma 
to investigate the hypothesis that abuse during critical periods of neurodevelopment directly 
alters the inhibitory neurocircuitry for disinhibition of the BLA. Fast-spiking parvalbumin 
positive (PV+) inhibitory interneurons are known to play a major role in defining critical periods 
of neurodevelopment and have recently been shown to play a critical role in BLA fear response. 
A class of extracellular molecules referred to as perineuronal nets (PNNs), have been shown to 
end critical periods of neurodevelopment by locking axo-somatic synapses onto PV+ somata, 
thus preventing synaptic rearrangement onto these cells. Dissolution of PNNs has been shown to 
reopen critical windows for plasticity, allowing synaptic rearrangement onto PV+ cells to restore 
healthy function following deprivation. We hypothesize that early life abuse induces increased 
inhibitory synaptic input onto PV+ cells in the BLA, thus facilitating disinhibiton, which 
becomes locked by PNN development. Here, we report the effects of 5 days of maternally-
induced trauma on amygdala hyperactivity in the BLA of rats at 3 specific ages: post-trauma 
(PN14), during post-trauma recovery (PN18) and at weaning (PN23). We then used light 



microscopy to measure PNN formation over PV+ cells, as well as electron microscopy to 
quantify axo-somatic input onto PV+ neurons. Group differences are reported. 
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Abstract: Adversity early in life has been found to increase the risk for developing stress-related 
disorders in adulthood, such as depression and anxiety disorders. One of the major moderators in 
this is the quality of parental care. In rodents, disrupting maternal care can result in a stress-
sensitive phenotype and learning and memory deficits, often studied at the level of the 
hippocampus. However, less is known about how early life stress impacts the prefrontal cortex 
and executive functions such as cognitive flexibility, especially in older animals. 
In order to address this, we studied the effects of chronic early life stress (ELS) on reversal 
learning and orbitofrontal cortex structure in mice. ELS was induced by limiting the availability 
of nesting and bedding material from postnatal day (PND) 2-9 which results in fragmented 
maternal care and a stress sensitive phenotype in the offspring later in life. Between 11 and 15 
months of age, ELS and control mice were tested on instrumental conditioning, reward-based 
visual discrimination learning and subsequent reversal learning using a touchscreen-equipped 
operant chamber. After testing behaviour, mice were scanned using an 11.2T MRI scanner. 
Single voxel 1H magnetic resonance spectroscopy (MRS) and diffusion tensor imaging (DTI) 
experiments were performed to assess potential metabolic and structural changes in the 
orbitofrontal cortex and dorsomedial striatum. Finally, detailed morphological analysis of these 



areas was performed post-mortem, by 3D reconstruction and analysis of dendritic complexity of 
individual (Golgi-stained) neurons. 
We found that ELS does not impair acquisition of a visual discrimination paradigm. However, 
ELS reduces cognitive flexibility as reflected by increased correction errors during reversal 
learning of the acquired contingencies. This was paralleled by a decrease in the fractional 
anisotropy (FA) in the orbitofrontal cortex, indicative of changes in axonal architecture, while no 
differences in dendritic morphology were found. We conclude that ELS has long-term effects on 
executive function, which are present at mid-age, possibly mediated by differences in axonal 
projections. 

Disclosures:  C.A. Oomen: None. H. Amiri: None. H.J. Krugers: None. J.C. Glennon: None. 

Poster 

726. Early-Life Stress: Perinatal 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 726.04/XX3 

Topic: F.04. Stress and the Brain 

Support: University at Albany start-up funds 

Title: Effects of early postnatal undernutrition on affective behavior and conditioned fear in 
male and female Sprague Dawley rats 

Authors: *R. M. DE GUZMAN, L. M. COLON, A. M. POULOS, J. L. WORKMAN;  
Psychology, Univ. at Albany, State Univ. of New York, Albany, NY 

Abstract: Undernourishment during critical periods of brain development has long-term 
consequences for brain and behavior. In humans, early childhood malnutrition increases 
depression and suicidal thoughts in adolescents, as well as externalizing behaviors compared 
with well-nourished children. In rats, early-life undernutrition restricts growth and impairs 
spatial navigation. The hippocampus, which is involved in memory, stress, and affect, is 
particularly affected. For instance, early-life undernutrition decreases the total number of granule 
cells and cell proliferation in the dentate gyrus. However, rodent studies investigating 
hippocampal plasticity following early-life undernutrition have mainly investigated males. This 
study aimed to determine the behavioral and neural changes that occur following early postnatal 
undernutrition in male and female Sprague Dawley rats during adolescence and adulthood. Many 
rodent models of early-life undernutrition restrict food or nutrient availability to dams, which can 
alter maternal care. In this study, dams underwent either thelectomy (surgical removal of teats to 
inhibit milk letdown), sham surgery, or no surgery (control). During the postnatal period, 



offspring born to thelectomized and sham rats were rotated every 12 h to restrict feeding and 
offspring from control dams were not rotated and had unrestricted feeding. All dams had ad 
libitum access to food. Maternal care did not significantly differ between groups. We tested 
whether early postnatal undernutrition affected fear acquisition and extinction in fear 
conditioning and affective behaviors in the forced swim test and open field. Early postnatal 
undernutrition reduced body mass throughout lifespan and reduced distance traveled in the open 
field. When distance traveled was controlled for, early postnatal undernutrition increased entries 
into and time spent in the center of the open field in adolescents only, which suggests early 
postnatal undernutrition reduces anxiety-like behavior. Data on fear conditioning, forced swim 
test, and hippocampal neurogenesis will be presented. This research will reveal how early-life 
undernutrition influences behavior and brain plasticity in males and females and has implications 
for humans who experienced early life undernourishment. 
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Abstract: It has been reported in studies with rodents that maternal separation during 
breastfeeding (MSDB) generates changes at behavioral and physiological levels of the offspring. 
The breastfeeding, it has been shown that it provides benefits as a protective factor on 
gastrointestinal parasitic infections. Currently there are no reports correlating the disruption of 
breastfeeding caused by maternal separation and the development of intestinal infection for 
Giardia. The aim of this study was to establish the effect of maternal separation during 
breastfeeding on the Giardia infection in Wistar rats. MSDB protocol was performed from 
postnatal day 1 to postnatal day 21 for 360 minutes a day (180 in the morning and 180 in 
afternoon) with reverse light cycle. On postnatal day 22, the pups were distributed by sex and 



treatment; Group 1 (MSDB with infection), Group 2 (MSDB without infection), Group 3: (No 
MSDB with infection) and Group 4 (No MSDB without infection). Infection induction at 
postnatal day 25 was performed through oral ingestion of Giardia Lambia cysts isolated. The 
course of infection was analyzed by direct quantification of cysts in the feces, which were 
collected during the days 5, 10, 15 and 20 post-infection. Intestine samples were taken for future 
analysis. The results show that rats with MSDB have more infection compared with non MSDB 
rats (p < 0.05). The analysis for sex of the release of cysts indicates that MSDB males have more 
infections than control males (p<0.05). Additionally, was found statistically significant 
differences for sex, among the four study groups with their respective controls, between group 1 
Vs. group 2 and group 3 Vs. group 4 (P <0.05). The analysis of intestinal tissue of rats is 
currently under study in order to analyze possible histological changes in the small intestinal 
mucosa based on the infection. Preliminary results suggest that maternal separation with the 
interruption of breastfeeding predisposes to develop a Giardia infection, increasing the risk of 
disease in the intestinal tissue. These data supports that breastfeeding as a protective factor in the 
development of intestinal infections by this parasite. 
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Abstract: Early-life traumatic stress and obesity co-occur frequently and have been identified as 
major risk factors for anxiety disorders. Surprisingly, preclinical studies examining how obesity 
disrupts the ability of the brain to cope with traumatic stress are lacking. The objective of this 
study was to determine whether an obesogenic Western-like high-fat diet (WD) predisposes rats 
to posttraumatic stress. Adolescent Lewis rats (postnatal day, PND, 28) were fed ad libitum 
during eight weeks with either the experimental WD diet (41.4% kcal from fat) or the control 
diet (CD; 16.5 % kcal from fat). Posttraumatic stress responses were evaluated at one week 
following exposure to a predator odor threat by using standard behavioral paradigms. The 



elevated plus maze and the open field test revealed increased anxiety-like behaviors in the rats 
consuming the WD when compared to control animals at one-week posttraumatic stress (p < 
0.05). Magnetic resonance imaging (MRI) showed a significant 20% reduction in the total 
hippocampal volume of animals fed the WD when compared to controls. The reduced 
hippocampal formation was associated with increased behavioral indices of anxiety, 
neuroinflammation, and FKBP51 protein levels. Notably, we found asymmetric hippocampal 
vulnerabilities to the WD and stress, particularly in the ventral and left hippocampus. This study 
shows how WD intake during early life impacts key substrates implicated in posttraumatic stress 
disorder (PTSD). Understanding how trauma and obesity affect the developmental trajectories of 
the stress neurocircuitry is critical, as stress susceptibility imposes a marked vulnerability to 
neuropsychiatric disorders. 
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Abstract: Prematurity is a huge public health issue, since it concerns as many as 1/10 birth in the 
world. Most of the time, an integration in intensive care units is required for these preterm 
newborns, where they are submitted to repeated painful procedures and to maternal separation 
(MS) possibly altering the mother-infant link. In both human and animal studies, these perinatal 
events are known to have detrimental effects on the development of the newborn, especially on 
brain maturation. Clinical data strongly suggests that preterm babies are indeed at high risk of 
developing, at adulthood, neuropathologies affecting cognitive functions, chronic anxiety, 
depressive states, chronic pain and visceral dysfunctions. Hypothalamic changes, among other 
mechanisms, may explain the high prevalence of anxiety, stress disorders, visceral 
hypersensitivity, cognitive and social impairment seen after MS. We hence chose to study the 
consequences of MS on hypothalamic functions, with a particular interest in oxytocin (OT), a 



neurohormone modulating pain responses as well as regulating social and maternal behavior. 
MS is performed by separating Wistar rat pups from their mother 3 hours per day, between 
postnatal day 2 and 12 (P2-P12), mimicking some developmental and environmental components 
of preterm birth. Combining behavioral, electrophysiological and molecular studies, we 
identified a strong hypersensitivity to mechanical and thermal hot stimulation and a clear 
dysfunction of hypothalamic descending controls of pain after MS. In vivo electrophysiological 
recordings of wide dynamic range neurons in the spinal cord of MS rats revealed that OT failed 
to exert an efficient inhibitory control on nociceptive processing. This result was further 
confirmed on freely-moving animals since stress-induced analgesia mediated by OT receptors 
could not be observed. In carrageenan-induced inflammatory pain, OT inhibitory controls were 
also inefficient since MS animals displayed more intense pain symptoms and had a longer-
lasting expression of them. 
Altogether, behavioral and electrophysiological results strongly suggest that the descending 
inhibitory control of pain is impaired in adult rats previously submitted to MS. Lack of efficacy 
of OT in non-painful and painful stress conditions may easily explain several maladaptive 
behaviors observed after MS in these animals. The spinal mechanisms underlying these 
alterations are currently under investigation but may also affect supraspinal structures expressing 
OT receptors. 
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Abstract: Maternal care during early life influences physiology and behavior of adult animals 
via epigenetic mechanisms. In particular, maternal deprivation of neonatal mice and rats has 
long-term dramatic impact on offspring development. Previously we revealed immediate and 



long-lasting adverse effects of repeated maternal deprivation (45 min daily on postnatal days 
(PND) 3-6) on physiology and behavior of 129Sv mice. In the present work, we investigated 
hormonal and behavioral factors which could cause these changes. 
We analyzed two early-life stress markers: pup ultrasonic vocalizations (USVs) rates on PND 3 
& 6, and the levels of corticosterone in pups on PND 7. In addition, we examined maternal 
behavior in the home cage for 30 min before deprivation and for 30 min immediately after the 
reunion with the pups on PND 3 and 6. This allowed us to reveal the correspondence between 
distinct acoustic properties of different signal types and the types of maternal behavior. 
Maternal deprivation for 45 min/day from PND 3 to PND 6 resulted in changes in maternal 
behavior, which was accompanied by hormonal and behavioral stress response in 129Sv pups. 
Specifically, we found an increase in corticosterone levels and USV rates during deprivation in 
comparison with baseline levels and with non-deprived pups. It is important to emphasize that 
the elevation of corticosterone levels and USV rates showed no recovery to the baseline levels 
for 30 min after the reunion. In addition, the increase in USV rates from PND 3 to PND 6 was 
revealed in deprived pups, but not in non-deprived pups. 
Our results suggest that hormonal and behavioral responses described above might be the early-
life predictors of the long-term adverse effects of repeated 45-min maternal deprivation on the 
development of 129Sv mice. 
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Title: Increased corticostreone response on postnatal day 11 does not alter emotional or 
hormonal stress responses of adult male rats: role of maternal care 
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Abstract: Disruptions of mother-infant relationships during the stress hyporesponsive period 
(SHRP) can alter the programming of behavioral and physiological responses to stress in 
adulthood. We investigated whether sustained corticosterone secretion during the SHRP induced 
by maternal deprivation on postnatal day (PND) 11 altered behavioral and hormonal stress 
responses in adult male rats. To this purpose, 33 mixed sex litters were used: 16 were 
undisturbed (control group = CTL) and 17 were deprived from their mothers for 24 h (deprived 
group = DEP) on PND 11. Two hours before the end of the deprivation period, one half of the 
litters were injected with saline (0.1 ml/10 g of body weight) to induce an intense and sustained 
CORT secretion (DEP+SAL, N = 7), whereas the other half was not stimulated (DEP+NSAL, N 
= 10). NDEP litters were also distributed into NSAL (N = 8) and SAL subgroups (N = 8). At the 
end of the deprivation period or immediately after the SAL injection for NDEP group, litters and 
mothers were reunited and maternal behavior was assessed for 1 h at 10:00 h, 14:00 h and 17:30 
h. Every 3 min, the cage was observed and the predominant behavior of the mother was 
registered, making up for 20 observations/h. Behavioral tests begun on PND 70, when males 
were assessed in the following tests: novelty suppressed feeding (measures the motivation and 
anxiety to eat in novel environments), sucrose negative contrast test (measures the capacity of 
the animal to perceive a sudden change in hedonic value of a palatable solution), social 
investigation (evaluates the motivation to explore an unknown conspecific) and elevated plus 
maze (classic test of anxiety-like behavior), after which rats were decapitated in four different 
time-points for blood sampling: Basal (not-tested in the behavioral tasks) or 15 min, 45 min or 
70 min. The main results of this study were: 1) Maternal deprivation (regardless of the stressful 
stimulus) increased arched-back nursing and anogenital licking/grooming in the first hour upon 
reunion of the litters and mothers; 2) DEP+SAL males displayed smaller latency to start eating in 
the NSF test, but the amount consumed was the same for all groups; 3) There were no changes in 
the other behavioral tests; 4) All groups had a similar stress response profile, with the peak 
corticosterone secretion occurring 15 min after the stressor. These findings suggest that increased 
maternal care induced by separation of the litters from their mothers for 24 h may have protected 
adult animals from displaying overtly behavioral and hormonal stress responses. 
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Abstract: Neonatal rats elicit caregiving behavior of their mothers using ultrasonic vocalizations 
(USVs). Separation of neonatal rats from their mothers can cause severe impact on their survival 
therefore it is assumed that separated neonatal rats will change their behavior to call their 
mothers according to estimated distance from their mother. 
We recorded USVs of neonatal rats with varying distance from their mothers and analyzed 
changes in features of the USVs according to the distance. A neonatal rat and its mother were put 
in two cages separately. In first half of the recording we gradually increased the distance between 
the two cages. In latter half of the recording, we gradually decreased the distance between the 
two cages. We recorded the USVs for five minutes per every condition (distance). We evaluated 
the USVs with respect to their fundamental frequency. 
We found that USVs of higher fundamental frequency were observed more often as we increase 
the distance between the two cages. In contrast, we confirmed that USVs of higher fundamental 
frequency were decreased as the two cages got closer in the latter half of the recording. Average 
of fundamental frequency also altered responding to this tendency whence the average peaked 
when the distance was largest. 
These results infer that the change in the shift of the fundamental frequency of USVs by neonatal 
rats does not depend much on duration of separation from their mothers if the dependency on 
duration of separation is monotonic. Also behavior of the mother rats altered depending on the 
distance from their pups. These findings suggest that interaction between neonatal rats and their 
mothers separated from each other change their phase of calling and searching with their 
estimated distance. The results imply a possibility of predicting psychological stress on neonatal 
rats from their USVs. 
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Abstract: Selective serotonin reuptake inhibitor medications (SSRIs) are the most common 
antidepressant medications for treatment of maternal mood disorders during the perinatal period. 
SSRIs cross the placental barrier and are present in breast milk, suggesting an impact on 
offspring development. Previous clinical research shows effects of SSRI exposure on children’s 
social behavior; however, further work is needed to determine how perinatal SSRI exposure may 
affect social behaviors and behavior-related neurobiology. The aim of the present study was to 
determine how perinatal exposure to fluoxetine, a popular SSRI used during the perinatal period, 
affects social play behaviors and related neurobiology in the hippocampus and prefrontal cortex 
of juvenile male and female rat offspring. To mimic aspects of maternal depression, prior to 
breeding, Sprague-Dawley rat dams were subjected to chronic unpredictable stress, and were 
treated with fluoxetine (10mg/kg/day) or vehicle via oral administration from gestational day 10 
to postnatal day 21. Juvenile male and female offspring from the following four groups were 
used: 1. Control+Vehicle, 2. Control+Fluoxetine, 3. Preconception Maternal Stress+Vehicle, 4. 
Preconception Maternal Stress+Fluoxetine. Offspring underwent a social interaction test one 
week after weaning, and brains were preserved for immunohistochemical work. Results show 
that perinatal fluoxetine exposure, regardless of maternal stress, had a more remarkable effect on 
juvenile female offspring resulting in increased social behaviors, increased presynaptic 
immunoreactivity, via synaptophysin, in the dentate gyrus of the hippocampus and decreased 
postsynaptic immunoreactivity, via PSD95, in the prefrontal cortex. Perinatal fluoxetine 
exposure also increased social behavior in juvenile male offspring, but to a lesser degree. 
Exposure to maternal stress prior to conception had a more pronounced effect on juvenile male 
offspring resulting in decreased presynaptic immunoreactivity in the dentate gyrus of the 
hippocampus and decreased postsynaptic immunoreactivity in the prefrontal cortex. This work 



indicates an effect of perinatal SSRI exposure on brain and behavior, but that these effects are 
often sexually differentiated. Further work will investigate other measures of plasticity as well as 
how these early life exposures affect the hypothalamic-pituitary-adrenal system. Investigating 
the impact of SSRI exposure on neurobehavioral development will further our understanding of 
the benefits and risks of these medications during the perinatal period. 
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Abstract: Adverse early life experiences influence emotional development and increase the risk 
for and severity of affective pathology. Women are at increased risk of developing stress-
associated pathology, and have a two-fold higher risk of developing PTSD, anxiety disorder, and 
depression when compared with men. In a mouse model of early life stress (ELS), we found that 
female mice, but not male mice, go on to develop a depressive-like phenotype. Depressive 
pathology is highly comorbid with cognitive impairments and inflexibility, which is thought to 
result predominantly from altered frontal lobe function. The prefrontal cortex (PFC), which 
orchestrates the integration of cognitive and emotion through cortical and subcortical pathways, 
is especially sensitive to ELS. However, it is largely unknown whether ELS effects cognitive 
function in a sexually dimorphic manner, and what the underlying mechanisms of disruption are. 
Here, we use a combination of behavioral, molecular, and optogenetic approaches to examine a 
possible mechanism underlying sex-specific vulnerability following ELS in mice. Using an 
attentional set-shifting task, we found that female mice exposed to ELS were impaired on the 
rule-reversal phase of learning (p <0.01), and observed no differences between groups during 
initial rule learning or extra-dimensional rule shifts. Fast spiking (FS) GABAergic interneurons 
containing the calcium binding protein Parvalbumin (PV), have been implicated in PFC-



dependent cognitive functioning, and have been shown to be sensitive to ELS. However, their 
specific role in reversal learning and cognitive function following ELS remain unclear. Here, we 
find a decrease in PV and GAD67 mRNA levels in the orbitofrontal cortex (OFC) of female 
mice following ELS. To test a potential role for PV interneurons in reversal learning, we 
employed an optogenetic approach using halorhodopsin to selectively silence PV+ cells in the 
OFC during different test phases of the attentional set shifting task. Findings related to these 
experiments will be discussed, and have implications for understanding the molecular and 
cellular mechanisms underlying stress-induced impairments in cognitive function, and sex 
differences in risk for pathology development. 
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Title: Early life stress alters the development of the fear recall and expression in pre-adolescent 
mice 
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Abstract: Acute traumatic events and/or prolonged stress incurred early in life increase the risk 
of developing anxiety and depressive-like behaviors in both humans and animal models. 
However, the effect of early life stress (ELS) on neural development, and their consequences on 
circuit activation are not well understood. To investigate the effect of ELS on the development of 
the conditioned fear circuit we took advantage of an ELS paradigm that consisted of reducing 
maternal access to bedding and nesting materials during postnatal days 4 to 11 (Rice CJ et al., 
2008). Subsequently, we investigated the development of fear learning and expression in control 
reared and ELS mice using an auditory fear conditioning paradigm. Briefly, male and female 



mice were exposed to six tones (30s), each of which co-terminated with a foot-shock (1s; 
0.57mA) on postnatal day (P) 16, 21, 28, or 50. Interestingly, at postnatal day 21 both ELS 
reared mice showed significantly diminished levels of freezing during recall testing at 6 hrs. (% 
time freezing: 45% Controls vs. 17% ELS; P < 0.01) and 24 hrs. (% time freezing: 65% Controls 
vs. 22% ELS; P < 0.01) but not at 7 days (% time freezing: 62% Controls vs. 53% ELS; P = 
0.33) post conditioning. To study the changes in the development of the fear circuit induced by 
ELS we used a combination of distinct immunohistochemical markers to study late developing 
neurons. Interestingly, we found that P21 ELS animals had a significantly increased number of 
parvalbumin positive neurons (PV+; late differentiating inhibitory neurons) when compared to 
controls at P21 and ELS animals at P16 in both the amygdala and hippocampus but not in the 
medial prefrontal cortex (mPFC). This data suggests that ELS animals may be undergoing early 
maturation of subcortical, but not cortical structures, which may be causing an impairment in the 
mPFC - amygdala communication, resulting in the inability of ELS mice to express the 
conditioned memory at normal levels. To test if ELS animals could express a freezing response 
when basal lateral amygdala (BLA) activity is increased during each tone of fear conditioning, 
we optogenetically inhibited, using halorhodopsin, PV+ neurons in BLA. The inhibition of PV+ 
neurons in BLA at P21 resulted in a significant increase of freezing in ELS animals (% time 
freezing: 41% ELS Controls vs. 76% ELS Halo; P < 0.02) to levels comparable to controls (% 
time freezing: 69% UHC Controls). However, it remains unclear whether ELS effects the 
development of mPFC inputs into BLA or whether ELS may be resulting in lowered responses to 
fear condition as a result of heightened activity thresholds in BLA or downstream structures. 
Ongoing experiments aim at answering these questions. 
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Abstract: Exposure to early life stress is known to increase the risk of anxiety-like and 
depressive-like behaviors in both human and mice models. While a great deal of research has 
investigated the long-term implications of early-life stress (ELS) in adulthood, its effects on 
development and the mechanisms driving aberrant outcomes remain largely unknown. We 
hypothesize that these outcomes are the consequence of stress-associated changes in the timing 
of neurodevelopmental events, ultimately impacting circuit structure and function. We further 
predict that alterations in neurodevelopment result from atypical expression of trophic factors 
(BDNF), which drives an acceleration in maturation. To test this hypothesis, we used a mouse 
model of ELS, maternal bedding restriction from postnatal days (P) 4-11. Using this 
manipulation, we have previously found that ELS leads to an earlier emergence of the latent 
period of contextual fear inhibition and earlier expression of markers of circuit maturation. Here, 
we collected hippocampal brain tissue from mice across early development and assessed the 
effects of ELS on neurotrophin expression, and found that ELS was associated with an earlier 
rise in BDNF as well as suppressed expression of TrkB.T1 (an endogenous dominant negative 
receptor for BDNF), as assessed by realtime qPCR. Using immunohistochemistry, we also 
observed an earlier onset of parvalbumin expressing neurons (PV+), compared with control 
reared mice, a process that is known to be initiated by developmental changes in BDNF levels. 
To test if changes in BDNF are necessary and sufficient to alter the timing of neural and 
behavioral development following ELS, we employed a genetic approach in which we attempted 
to block developmental changes in BDNF signaling following early life stress or if elevating 
BDNF in the absence of stress was sufficient to drive aberrant development. Specifically, we 
tested if the presence of the BDNF Val66Met polymorphism, a model of diminished BDNF 
release, blocks accelerated neurodevelopment following ELS as well as if genetic deletion of the 
TrkB.T1 receptor, in the absence of ELS, leads to accelerated neurodevelopment. Based upon 
preliminary results, BDNF is both necessary and sufficient for ELS associated changes in the 
timing of neurodevelopment. 
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Abstract: Several studies have shown that the development of anxiety disorders in adulthood 
might be a consequence of chronic stress in early life. In Wistar rats it has been reported that 
after the exposure to maternal deprivation, animals present depression- and anxiety-like 
behaviors that persist into adulthood. The Wistar Kyoto (WKY) rat strain, widely used to study 
hypertension related diseases, has also been proposed as a good model for the study of 
depression- and anxiety-like behavior, because of its exacerbated responses to stressors stimulus 
evidenced by increased levels of ACTH and corticosterone. The objective of the present study 
was to compare the effects of chronic stress during early life development in adult Wistar and 
WKY rats, using as chronic stressor the maternal deprivation protocol. Briefly, this protocol 
consists in separating the dams from their pups during 3 hours daily from postnatal day (PND) 7 
to 21. In control groups, the litters stayed together until the weaning day. To avoid hormonal 
fluctuations only male rats were chosen. The animal model used to study the anxiety like- 
behavior was the defensive burying test. Animals were subjected to this test at PND 90. The 
results showed that maternal deprivation increases anxiety-like behaviors in Wistar rats but 
decreased them in the WKY strain. The WKY rats showed increased general activity and 
exploratory behavior. Results suggest that the WKY rat strain presents a different adaptive 
mechanisms to chronic stress stimulus during early life experiences. 
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Abstract: Stress serves an adaptive function by causing the body to react to perceived threats to 
homeostasis.  While acute stress is largely beneficial, chronic stress can have deleterious effects 
through over-activation of the hypothalamic-pituitary-adrenal (HPA) axis.  Previous research has 
demonstrated that chronic stress associated with early life traumas can have adverse effects 
lasting into adulthood.  This study investigated the behavioral and endocrine effects of chronic 
maternal separation on Sprague-Dawley pups and dams.  Cohort I included 4 litters of 12 pups 
each; pups were separated from dams once daily for 3 hours, along with the rest of their 
littermates, from postnatal day 7 to 14. Cohort II included 6 litters of 8 pups each; pups were 
separated from their dams for 4h per day from postnatal day 6 to 21 and were kept in pairs 
during separation.  Control animals were briefly handled and returned to their dams. The effects 
of maternal separation (MS) on depression-like behaviors were assessed in the forced swim test 
(FST); anxiety-like behaviors were tested using the elevated zero maze. In addition, effects on 
spatial learning and memory were tested in the Morris water maze (MWM). Approximately 5 
weeks after separation and weaning, juvenile pups were subject to a single episode of restraint 
stress novel during which tail blood was collected for measurement of baseline, stress and post-
stress corticosterone levels.  In Cohort I, MS pups showed decreased latency to immobility and 
more time spent immobile in the forced swim test (FST); they also gained less weight than their 
control counterparts. Maternal separation also led to a significant impairment in learning in the 
MWM, although there was no effect on memory. We also observed several sex differences, as 
females had greater locomotor activity but took longer to reach the platform in both the learning 
and memory trials in the MWM.  Finally, preliminary studies of the dams separated from their 
pups indicate trends for increases in both depression- and anxiety-related behaviors. These 
studies indicate that maternal separation may have negative behavioral consequences for both 
mothers and their offspring. 
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Title: Early-life stress and reduced MET expression interact to disrupt neuronal morphology and 
behavior in mice 
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Abstract: A common hypothesis is that early adverse experiences, combined with genetic 
influences, increase risk of anxiety, mood, and post-traumatic stress disorders in adulthood. 
Previously, our lab has identified a functional single nucleotide polymorphism in the promoter 
region of MET (rs1858830 ‘C’ allele) that has been associated with altered functional and 
structural brain connectivity, and increased risk of autism spectrum disorders. In mice, reduced 
expression of MET results in altered anxiety-like behavior and fear acquisition and memory, 
reduced neuronal arbor complexity and synaptogenesis, and precocious maturation of neurons 
based on measures of synaptic function. Here, we induced early-life stress (ELS) using limited 
nesting material in wild-type mice and mice with reduced MET protein expression (Met+/-) in the 
brain. In post-pubertal mice, we analyzed neuronal morphology of pyramidal neurons in the CA1 
region of the ventral hippocampus that project to the basolateral amygdala, as well as anxiety-
like behaviors, social interaction, and contextual fear acquisition, memory and extinction. We 
observed an increased number of affected behavioral domains in Met+/- mice that experienced 
ELS, and Met+/- mice were more affected by ELS than wild-type mice in the social interaction 
test. Surprisingly, we observed an absence of altered dendritic arbors of CA1 neurons in Met+/- 
mice exposed to ELS, but disruption with ELS or genetic reduction of Met alone. The altered 
responsiveness to ELS in neurons with reduced expression of Met may be due to the precocious 
maturational state. These novel gene-environment interaction findings suggest that 
developmental perturbations may differentially impact distinct functions that may exhibit distinct 
vulnerabilities. 
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Abstract: Research investigating the role of early and recent life stress on cortisol response 
yielded conflicting results, which were exacerbated by the inclusion of serotonin transporter 
genotype as a moderator. In this study, we aimed to investigate the combined effect of these 
factors on Cortisol Awakening Response (CAR). We hypothesized a lower CAR with increased 
recent life stress and an interaction between early life stress and serotonin transporter genotype 
such that S-carriers would show an increased CAR with higher early life stress, while the 
opposite pattern would be seen in LL homozygotes. Participants were 92 undergraduate students 
(75% female) providing saliva samples 0, 30 and 45 minutes after awakening for two days. 
Additional saliva samples were collected for genotyping. Early life stress was assessed by the 
Childhood Trauma Questionnaire and recent life stress was assessed by the Perceived Stress 
Scale. Sleep duration and time of awakening were taken as covariates because of their potential 
influence on CAR. For Day 1, there was a main effect of recent life stress (F (1, 82) = 4.20, p = 
.044) such that those with high stress showed lower CAR than those with low stress. In addition, 
there was a significant interaction between serotonin transporter genotype and recent stress (F (1, 
82) = 4.63, p = .034) such that S-carriers showed lower CAR independent of stress, while LL 
homozygotes showed a decreased CAR with higher stress. In terms of early life stress, there was 
a significant interaction with serotonin transporter genotype (F (1, 82) = 9.74, p = .002) such that 
S-carriers showed increased CAR with increased early life stress, while LL homozygotes showed 
the opposite pattern. Finally, there was a trend level interaction between early and recent life 
stress on CAR (F (1, 82) = 2.63, p = .110). For individuals with high early life stress, recent 
stress did not influence CAR, while for those with low early life stress, increased recent stress 
was associated with decreased CAR. For Day 2, we observed similar trends for all analyses. Our 
results suggest differential effects of early and recent life stress on CAR as a function of 
serotonin transporter genotype that may altogether alter individuals’ vulnerability for 
psychological disorders like depression. 
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Title: Social isolation rearing influences epigenetic regulation of dorsal raphe GABAB receptor 
and responses to social stimulation in mice. 
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Abstract: In rodents, social isolation rearing during childhood induces behavioral abnormalities 
such as hyperlocomotion, aggression and depression-like behavior, and neurochemical 
abnormalities such as dorsal raphe hyperexcitability and an increase in extracellular serotonin 
level in the prefrontal cortex. Previous studies have showed that these neurochemical 
abnormalities are involved in a part of these behavioral abnormalities, suggesting that 
dysregulation of dorsal raphe function triggers abnormal behaviors. It is known that serotonergic 
neurons are mainly regulated by GABAergic systems in the dorsal raphe nucleus (DRN). In this 
study, we examined the impact of isolation rearing on dorsal raphe GABAergic function. We 
also studied the involvement of isolation rearing-induced dorsal raphe GABAergic dysfunction 
in the abnormal behaviors. Both mRNA and protein levels of GABAB1a (a GABAB receptor 
subunit) were increased in the DRN of isolation-reared mice. DNA hypomethylation and histone 
H3 hyperacetylation around the transcription start site of GABAB1a were observed in the DRN of 
isolation-reared mice. Intra-DRN microinjection of 0.3 nmol phaclofen (a GABAB receptor 
antagonist) attenuated encounter-induced hyperactivity and aggressive behavior of isolation-
reared mice. These findings indicate that an increase in dorsal raphe GABAB1a expression via 
epigenetic regulation may be associated with abnormal responses to social stimulation such as 
encounter-induced hyperactivity and aggressive behavior in isolation-reared mice. 
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Title: Early adversity uncouples preference formation from anxiolysis in mice 
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Abstract: Early adversity impacts emotions, behavior, cognitive abilities and susceptibility to 
psychiatric illnesses throughout life. One link may be that early life stress (ELS) alters the timing 
of biological critical periods for circuit maturation. Under typical rearing conditions, juvenile rats 
appear to be protected from exhibiting anxiety, whereas after adverse rearing, fear learning 
appears more mature, making stressful memories persist (Callaghan et al, 2013). Whether this is 
due to a shifted onset, closure or duration of a critical period remains unclear. Here, we 
leveraged a novel prefrontal critical period for the acquisition of preference behaviors in mice 
with a clearly defined window of plasticity (Yang et al, 2012). Exposure to music between 
postnatal day P15-25 induces a lifelong preference for that acoustic environment over the 
animal’s innate bias for silent shelter. Acquisition of such a preference is at the same time 
anxiolytic, increasing open field center crossing or stress measures on an elevated platform. 
Adult animals can be made to acquire preference / anxiolysis if plasticity is extended or reopened 
by the pharmacological (HDAC inhibitors) or genetic (NgR) disruption of molecular ‘brakes’ on 
plasticity (Yang et al, 2012). Here, to study the impact of ELS on critical period timing, we 
examined a ‘fragmented’ maternal care (FC) paradigm in mice, in which reduced nesting 
material creates a stressful situation that disrupts mother-infant interaction during P2-9 (Ivy et 
al., 2008). We found that female offspring in particular exhibited heightened anxiety in 
adulthood. Strikingly, they failed to acquire a music preference despite exposure at various time 
windows after hearing onset. Instead, the anxiolytic effect of music was still observed, but only 
for exposure earlier than normal (P13-18). Our study reveals that preference behaviors and 
anxiolysis are dissociable, and that strategically timed music exposure may help to counteract 
some of the debilitating effects of ELS. Ongoing work is exploring the oxytocin system - which 
develops in an experience-dependent manner during the first postnatal weeks in rodents and 
underlies the formation of partner preference in voles - as a potential mechanism for critical 
period shifting by ELS. 
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Abstract: Our hypothesis is that nurturing reunions will shorten time required to reduce distress 
from a separation. In our clinical studies, the family nurture intervention repeats calming 
activities during mother and premature infant reunions. It is known that disruptions in mother-
infant interactions decrease weight gain and impair development in human neonates. Paradigms 
with short periods of maternal deprivation are commonly used in preweaning rat pups to mimic 
disruptions in nurturing relationships. Many mammalian species, including rats, vocalize after 
isolation or environmental stress. Few have studied reunions. Maternal cues are deemed 
important for calling, as pups have higher ultrasonic vocalization (USV) rates after a separation 
following a brief reunion with a dam than with littermates, a phenomenon called maternal 
potentiation. Here, we further study the effect of separation/reunion by correlating maternal 
potentiation with an index of physiological stress—corticosterone (CORT) measurement. Twelve 
day old Sprague Dawley pups were separated overnight, and USVs were counted the next day to 
assess whether pups potentiated in the separation paradigm. Plasma CORT was measured in at 
30, 60 or 90 minutes after separation after a dam or littermate reunion using a 
radioimmunoassay. Vocalizations increased an average of 62.3±9.73 for maternally reunited 
pups while pups reunited with littermates increased by average of 3.24±1.71. Baseline CORT in 
animals was 99.3±7.08 ng/mL. At 60 minutes, CORT levels were significantly higher in pups 
reunited with littermates compared to the dam group (p=0.042). Taken together, reunion type 
significantly changes corticosterone levels. Therefore, our data suggests that maternal 
potentiation is not a marker of stress since the pups that potentiated had a lower CORT response 
then those that did not. The lower CORT response in maternally reunited pups aligns with the 
idea that maternal potentiation is a pup’s expression of an expectation that the dam is close 
enough to return upon calling. Taken together with our findings that vagotomy blocks 
potentiation, the low CORT response in maternally reunited pups signal the primacy of the 
dyadic relationship. Extrapolating to human preterm infants, our results suggest that babies who 
have a reunion with their mother, albeit a brief one, may be able to better cope with the stress of 
maternal separation. 
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Title: Effects of maternal separation on vulnerability to methamphetamine and synaptic 
plasticity 
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Abstract: Methamphetamine addiction affects roughly 1.2 million people nationally, and stress 
has been previously shown to affect the incidence and progression of addictive behaviors. It is 
not fully understood, however, which stress-induced mechanisms in the brain are involved in 
mediating these effects. We hypothesized that exposure to stress during early life can cause 
significant and long lasting changes in the brain, leading to enhanced vulnerability to 
methamphetamine addiction. Male Wistar rats were maternally separated (MS) from their dams 
for 3h/d from postnatal day (PND) 2 to PND14 and were assessed in adulthood (PND 70-80). 
Proteins involved in dopaminergic signaling [dopamine transporter (DAT), dopamine receptor-2 
(D2), tyrosine hydroxylase (TH)] or synaptic plasticity [post-synaptic density 95 (PSD95), 
NMDA receptor-1, and α-synuclein] were evaluated by Western blot in adult MS and control 
animals. Brain regions in which the levels of these proteins were quantified included the 
prefrontal cortex (PFC), hippocampus, dorsal striatum, and the nucleus accumbens (NAcc). 
Preliminary data have shown a significant increase in the expression of DAT in the dorsal 
striatum (p=0.035), as well as a trend toward decreasing expression of α-synuclein in the PFC 
(p=0.099) following MS. Separate groups of animals that underwent the same MS procedure 
were behaviorally tested for conditioned place preference (CPP) with 1 mg/kg 
methamphetamine, to identify changes in drug sensitivity caused by MS. Stressed animals did 
not demonstrate a change in preference for methamphetamine at this dose, compared to controls. 
Future studies will test different doses of methamphetamine to evaluate changes in preference or 
aversion caused by MS. 
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Title: Microglial alterations after maternal separation in rodents 
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Abstract: There is a great demand for therapeutic advancements with respect to mood disorders 
and a significant link between stress and major depressive disorder (MDD) exists. Maternal 
separation in rodents is a widely used animal model used to induce early-life stress. This model 
has reliably demonstrated an increased risk of depressive-like behavior later in life. Existing 
research also supports that individuals with MDD have learning and memory deficits. Two 
regions of the hippocampus, the dorsal and the ventral regions, are suggested to be functionally 
different while the dorsal hippocampus is involved in cognitive function and the ventral 
hippocampus is involved in emotion and stress. Additionally, microglia activity is associated 
with causing the atrophy and pathology of these brain regions and may be implicated in MDD. 
The proliferation and stability of microglia across the development into adulthood differs. We 
aimed to examine the expression of dorsal and ventral hippocampal microglia in rats that 
experience postnatal maternal separation during development. In the present study, Sprague 
Dawley male and female rat pups were separated from the dam from PND 2 to PND 14 for three 
hours a day. A control condition of non-separated pups was maintained. Experiment 1 examined 
behavioral tasks during adolescence in males and during adulthood in females. Alterations in 
hippocampal IBa1, CD11b and cytokine expression were observed and may provide insight as to 
the molecular mechanisms responsible for hallmark MDD pathogenesis and possible therapeutic 
remedies. 
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Title: Alterations related by gestational stress in glial morphology and working memory of the 
adulthood rats 
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Abstract: El estrés crónico durante el embarazo puede afectar negativamente a las respuestas 
biológicas y de comportamiento en un largo plazo. Algunos de estos efectos están relacionados 
con los cambios estructurales en regiones específicas del cerebro. La corteza prefrontal medial 
(córtex prefrontal medial) es una región del cerebro que se ha relacionado con las funciones 
cognitivas, la memoria de trabajo y especifically atencional conjunto de la delegación de 
funciones. mPFC puede alterar su función y morfología de los acontecimientos estresantes 
durante la vida temprana. Las células gliales juegan un papel clave en la función cerebral. Los 
astrocitos son el tipo celular más prevalente en el sistema nervioso central, a regular neuronal 
micro-entorno, los circuitos de sinapsis y que se ha relacionado con el aprendizaje y la memoria. 
Los astrocitos también juegan un papel central en la defensa contra el daño mediante la 
modificación de su actividad proliferativa y morfología. Nosotros evaluamos los Efectos de un 
largo Plazo del estrés crónico las variables (CVS) Durante la gestación Sobre la Proliferación de 
astrocitos en el córtex prefrontal medial y la Memoria de Trabajo de Las Ratas Adultas Macho. 
Métodos: Ratas Wistar hembras expuestos were una . Durante CVS 13-19 Días de gestación . 
Despues del nacimiento, las Crías de Madres estresadas permanecen en las Condiciones de 
laboratorio Hasta cuatro meses de age Un this age se evaluaron la Memoria del Trabajo y de 
Atención : tareas alternancia / discrimination con laberinto de la ONU en T. despues de eso, se 
analizó la Proliferación de astrocitos en el córtex prefrontal medial. Resultados: Las ratas 
expuestas a CVS Durante el período m de gestación mostraron menor incapaz para resolver Una 
Memoria de Trabajo y no se observaron Diferencias: tareas y alternancia / discrimination de 
Atención en el Número de Células astrogliales en el córtex prefrontal medial. Conclusión: La 



Exposición de un CVS Durante el embarazo producen: efectos perdurables Relacionados: tareas 
córtex prefrontal medial y Su Población de astrocitos. 
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Title: The role of oxidative stress in the effect of prenatal stress on the fetal brain 
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Abstract: Stress experienced by the mother during pregnancy is linked to an increased risk of 
psychiatric disorders in her offspring. However, the molecular mechanisms that link prenatal 
stress (PS) and psychiatric outcomes have yet to be elucidated. Oxidative stress has been shown 
to be a mediator of the impact of multiple environmental exposures, making it a prime candidate 
for mediating the effects of in utero environmental changes like PS. The balance between 
oxidative and reductive processes is critical during rapid periods of cell growth and 
differentiation, so small changes in the level of reactive oxygen species (ROS) during embryonic 
brain development could have significant effects. We used two approaches to investigate 
oxidative stress as a mechanism for PS, both utilizing a mouse model of repetitive restraint stress 
starting on embryonic day 12 (E12). First, we examined changes in gene expression in E13 brain 
after PS by Illumina microarray and qPCR validation. Second, we evaluated the impact of 
antioxidant administration during PS on GABAergic migration delays. After correcting for 
multiple comparisons, we found 5177 genes significantly altered in E13 ventral forebrain after 
one day of PS. Panther analysis of these genes revealed that 38 pathways were enriched for 
differentially expressed genes-- the oxidative stress pathway was the third most significant 
pathway changed (p= 0.0000027). In addition, four of the six genes annotated with “antioxidant 



activity” by Panther were differentially expressed, including sestrin 1, sestrin 3, glutathione 
peroxidase, and catalase. 421 genes were found to be differentially regulated by PS in males 
versus females. Two of the top 15 genes from this analysis were within pathways contributing to 
ROS-- Aifm1 and Idh2. When examined by qPCR, both Aifm1 and Idh2 were significantly 
changed only by PS, with no effect of sex. These results reveal that genes in oxidative stress and 
antioxidant pathways are a significant component of PS changes in the fetal brain. In the second 
experiment, N-acetylcysteine (NAC), a common antioxidant supplement, was administered in 
drinking water to pregnant dams starting at E0 with half of dams undergoing PS at E12 and half 
maintained as controls. We have shown previously that PS delays GABAergic progenitor 
migration. Pilot data showed maternal NAC administration normalized GABAergic migration at 
E13, but not E14, suggesting that oxidative stress may only play a role in acute, but not 
prolonged, changes after PS. Oxidative stress may play a significant role in the elusive 
mechanisms by which persistent cellular changes are induced in the developing brain by 
maternal PS. 
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Abstract: In recent clinical trails, NMDA receptor antagonist ketamine has been shown to act as 
an antidepressant, due to its rapid action and efficacy on treatment-resistant patients. 
Antidepressant effects of a single dose of ketamine might start within hours and sustain for up to 
2 weeks. Early life stress can cause long-term behavioural and morphological alterations in the 
central nervous system. Likewise, chronic unpredictable stress can cause depressive-like effects. 
In experimental models, we have previously demonstrated that exposure to either prenatal or 
chronic unpredictable stress paradigms can induce depressive-like behavioral deficits, as well as 
morphological alterations in the rat brains. The aim of this study was to investigate the 
behavioral effects of single dose ketamine injection in rats exposed to combination of both 



prenatal and chronic unpredictable mild stress, in a gender dependent manner. Pregnant rats were 
exposed to immobilization stress during the last week of their gestation for 3 hours a day. Then, 
beginning from postnatal day 95, a random pattern of unpredictable mild stressors was applied 
daily, for 28 days. At the end of stress period, one group of animals received a single dose 
(10mg/kg) of intraperitoneal ketamine injection, whereas the other group received same amount 
of saline injections. Next day, behavioral responses of animals were evaluated in the forced 
swim, sucrose preference, open field and suspension tests. In these tests, no significant 
differences were observed between groups. Two-way ANOVA results showed that ketamine 
injections cause similar effects on both female and male animals. Although these results are in 
accordance with our previous findings in animals exposed to chronic unpredictable stress, it 
displays some controversies with the literature. Therefore, antidepressant efficacy of ketamine 
needs to be explored in different animal models of depression caused by various stressors. Future 
studies are underway to compare gender-dependent morphological and molecular effects of 
single dose ketamine injections. 
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Title: Reductions in hippocampal AMPA receptor and NMDA receptor subunit expression are 
associated with impaired learning in adult male rats following prenatal exposure to 
Dexamethasone 
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Abstract: Antenatal glucocorticoids (GC) have been used clinically to enhance lung maturation 
in the fetus at risk for preterm birth. However, exogenous Dexamethasone (Dex) has been 
associated with a disturbance of the normal relationship between components mediating 
glucocorticoid action in the hippocampus. It is possible that these agents may increase the risk 
for physical, neurological, and behavioral alterations. Perturbations in GC programming in the 
fetal brain could affect neuritic outgrowth, synaptic activity and cell signaling through 



glutamatergic and serotonergic circuits. We hypothesized that exposure to excess glucocorticoid 
during fetal development exerts a deleterious effect on expression of hippocampal genes 
mediating synaptic function and behavior in adult male rats. Pregnant rat dams were injected 
once daily with 150ug/kg of Dex (sc) from gestation-day 14 through 19. Control dams were 
injected with vehicle. At 120 days, male offspring were tested for learning and memory function 
using the Morris Water Maze. At 150 days, whole hippocampi were rapidly dissected and frozen 
using liquid nitrogen. Gene Expression was measured using real-time PCR. Using the Morris 
Water Maze protocol, we found that the Dex-exposed males spent more time trying to find the 
platform even after 5 days of training (longer latency, p = 0.05). Expression of key genes known 
to mediate this behavior was also perturbed as follows: In the Dex-exposed animals, a significant 
reduction was detected in AMPA receptor subunits GluR1 and GluR2 (p =0.002 and p<0.02, 
respectively) as well as the NMDA receptor subunits NR2A and NR2B (p<0.02 and p =0.002, 
respectively). The mRNA expression for the NR1 subunit, a constitutive subunit for NMDA 
receptors, was not significantly altered. Interestingly, the mRNA expression for serotonin 
receptors 5HT1A, 5HT1B and 5HT2A was significantly increased in the Dex-exposed male 
offspring, perhaps due to a compensatory response. Synaptotagmin and SNAP-25 mRNA 
expression was not significantly altered. These data support the observation that gene-
environment interactions during critical periods of neurogenesis lead to developmental changes 
that persist into adult life. More specifically, prenatal exposure to synthetic glucocorticoid at key 
points of brain development disturbs glutamatergic and serotonergic function which may be 
associated with learning and memory deficits in adult hood. 
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Abstract: Stress causes deleterious effects in health and may occur at different stages of life, 
even in the gestational period. Prenatal stress (PS) is capable of disrupting hippocampal 
physiology through maternal glucocorticoids (GC), decreasing glucocorticoid receptors in that 
brain structure, causing alterations in learning and memory in the adult. Thus, the aim of this 
study was to evaluate learning and memory in prenatally stressed rats and whether these changes 
are associated with alterations in serotonin and noradrenaline release in the dorsal hippocampus. 
Pregnant females were assigned to control or stress groups. Spatial learning and memory were 
evaluated with the Morris Water Maze (MWM) in 2 ½ months old offspring. Cannulas were 
implanted in the dorsal hippocampus of other adult offspring. The dialysates were collected each 
hour before and after administration of high doses of potassium. Neurotransmitters were detected 
by HPLC-ED. The results showed greater escape latencies as well as less time in the platform 
quadrant and platform-site crossovers, compared to the control rats. Additionally, basal serotonin 
and norepinephrine release were greater in the PS group than in the control. However 
neurotransmitter release decreased after high doses of potassium, suggesting that serotonin and 
norepinephrine neurotransmission is disrupted by prenatal stress. 
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Abstract: Major depressive disorder or major depression is a common disorder that affects 
people worldwide and combines symptoms at psychological, physiological, and behavioural 
levels. This disorder is predicted to be the second cause of disability in 2020. Animal models of 
major depression caused by stress are relevant to the better understanding the aetiology of 
depression. Thus, the aim of this work was to evaluate whether prenatal stress induces 
depressive-like behavior and if this behaviour is related to changes in serotonin content and 
release in ventral hippocampus of the adult rats. Pregnant female Wistar rats weighing 250 grams 
were randomly assigned to the control group or stress by immersion in cold water from day 15 to 
21 of pregnancy. At 21 days of age, pups were sexed and males were separated. Depressive-like 
behaviour was assessed by forced-swim tasks and sucrose intake test in male offspring at 8–12 
weeks of age. Rats displaying depressive-like behaviour were selected and cannulas were 
stereotactically implanted into the right ventral hippocampus. The dialysates were collected and 
basal serotonin release was evaluated HPLC-ED. The results indicate that prenatal stress caused 
depressive-like behaviour, with increased immobility in the Porsolt test, as well as decreased 
sucrose intake (considered as anhedonia) in adult male offspring. Serotonin release was higher in 
prenatally stressed males. Administration of high doses of potassium did not stimulate the 
neurotransmitter system. These findings suggest that prenatal stress is able to induce depressive-
like behaviour in adult male offspring and this could be related to disruption in serotonin release 
in the ventral hippocampus. 
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Title: Changes in cortical GABAergic maturation after prenatal stress and the role of oxidative 
stress 
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Abstract: Objective: Our lab seeks to understand the mechanisms by which early developmental 
events increase the risk of psychiatric illness. The purpose of this ongoing study is to determine 
further how prenatal stress (PS), specifically, perturbs cortical maturation. 
Background: We have found previously that PS delays GABAergic progenitor migration and 
postnatal pruning of cortical populations during development in mice. These delays may 
contribute to disruptions of cortical inhibitory circuitry theorized to be a component of 
psychiatric pathology. How PS may affect other aspects of cortical maturation is not clear. The 
formation of extracellular perineuronal nets (PNNs) around GABAergic neurons has been 
implicated in regulating developmental plasticity. PNNs, their maturation, and their “protection” 
of GABAergic neurons may be influenced by oxidative stress, a possible mechanism by which 
PS influences the brain. To examine these issues, we measured multiple aspects of cortical 
GABAergic neuron maturation in a mouse model of PS, targeting one possible mechanism, 
oxidative stress, through administration of a known antioxidant N-acetylcysteine (NAC). 
Methods: In a cohort of pregnant female CD1 mice, half underwent PS which consisted of 45 
minutes within a restraint tube three times a day starting at embryonic day 12 (E12), seven days 
prior to parturition. In the perinatal period, mothers and pups were given either normal drinking 
water or NAC (2 mg/mL) in drinking water. Offspring were tested on behavioral tasks at 
weaning age and in adulthood. By using stereology with immunostaining, we examined 
GABAergic neurons, their activation (by cFOS) and surrounding PNNs in medial frontal cortex 
(mFC) at postnatal day 24 (P24) and in adulthood. 
Results: PS resulted in reduced sociability in adulthood as well as increased anxiety and motor 
inhibition at P24 and in adulthood. Pilot data suggest amelioration of some of these behavioral 
changes with early postnatal NAC administration. We have previously found that PS increases 
mFC GABAergic cell number at P24 but not in adulthood. We have new data suggesting that PS 
decreases PNN+ GABAergic cells at P24 and cFOS+ GABAergic cells at P24. Findings from 
mFC at P24 suggest that early NAC exposure normalized GABAergic population numbers and 
may show some amelioration of PNN+GABAergic proportions. 
Conclusion: This ongoing study provides initial evidence that PS may affect multiple aspects of 
GABAergic interneuron maturation in mFC, coincident with behavioral abnormalities. Postnatal 
enhancement of antioxidant systems may affect some but not all of these maturational changes 
after PS. 
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Abstract: Prenatal exposure to stress during critical periods of fetal growth and development has 
serious behavioural and health implications for the offspring. The effects of prenatal exposure to 
stress are poorly understood; evidence is accumulating that these vulnerabilities span future 
generations. To investigate the potential behavioural deficits on multiple generations of 
offspring, pregnant Wistar-Kyoto rats were exposed to one of two treatment regimes during the 
equivalency of the third trimester (beginning on gestational day 15): daily IP injections until 
birth of 1) a synthetic glucocorticoid, dexamethasone (DEX; 100µg/kg/day) or 2) vehicle (4% 
ethanol with 0.9% saline). A third group received only physical manipulation to serve as a naive 
control. The offspring from each litter (F1 generation) were allowed to mature and were tested 
during week 17 for indications of anxiety and depression through use of the Elevated Plus Maze 
(EPM) and the Porsolt Swim Test (PST) respectively. Randomly selected males and females 
were bred with new naive animals and the following generation of offspring (F2) were allowed 
to mature and underwent the same behavioural testing. Further, a third generation (F3) was 
generated using the animals from the F2 generation. Neural tissue from each generation was 
collected and stored at -80°C for histological and immunohistochemical (IHC) processing to 
investigate deficits in neurogenesis and changes in glucocorticoid receptor expression. 
Preliminary results indicate exposure to prenatal DEX predisposes adult offspring to exhibit 
depressive-like behaviours that spans several generations. The PST results for the F1 generation 
primarily show a significant effect on the first day of testing for total time spent immobile during 
the procedure (χ2 = 10.002, p < 0.001), and a similar trend with other generations. EPM results 
from the F1 generation show a main effect (Z = -1.952, p < 0.05), where females spend 
significantly more time in open arms than males. The F2 and F3 generations exhibited the same 
sex effect with females spending more time in open arms than males (p < 0.05). The F2 



generation also showed a significance between groups (F(5, 44) = 2.62, p = 0.037), whereby 
naive males and females spent significantly more time in open arms than DEX F1 male 
offspring. Altogether, these results suggest that late prenatal exposure to stress causes long-term 
behavioural changes in the offspring that is also apparent in subsequent generations. 
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Abstract: Overexposure to glucocorticoids during gestation increases the risk in adulthood for 
developing disease such as metabolic syndrome. However, little is currently known about the 
mechanisms underlying the fetal programming of adult disease by glucocorticoids. In rodents, a 
potential target for the programming of metabolic syndrome is the development of hypothalamic 
circuity that controls food intake, metabolism and adiposity which is largely dependent on a 
surge of leptin during the second week of postnatal development. This study investigated the 
effects of maternal exposure to synthetic glucocorticoids (sGCs) on the surge of leptin during 
early postnatal development as a candidate hormone for the fetal programming of adult disease. 
In this study, time-pregnant dams were administered 0.1 and 0.4 mg/kg dexamethasone (Dex) 
daily during days 18-21 of gestation. Blood was collected from offspring on postnatal days (PD) 
0, 7, 10, and 13 and plasma was then assayed for leptin levels using an enzyme-linked 
immunosorbent assay. Prenatal Dex treated animals were significantly smaller at birth and as we 
have previously reported, when allowed to grow to adulthood, these animals exhibit some signs 
of metabolic syndrome such as macrovesicular hepatic steatosis as detected by Oil Red O 
staining in liver. During neonatal life, there was a significant elevation in plasma leptin levels 
which peaked in vehicle treated animals at PD 10 (8.2 ± 1.1 ng/ml) and 13 (10.2 ± 1.9 ng/ml). 
Moreover, 0.1 mg/kg Dex significantly reduced plasma leptin at PD 10 (4.0 ± 0.3 ng/ml) and 13 



(6.7 ± 0.7 ng/ml), while 0.4 mg/kg Dex significantly reduced plasma leptin at PD 13 (6.9 ± 1.3 
ng/ml) as compared to vehicle-treated controls. We are currently determining the consequences 
of alterations in the leptin surge during early postnatal development by prenatal Dex treatment. 
An altered leptin surge could dramatically alter the development of hypothalamic circuity 
controlling food intake and adiposity, thereby shedding light on a potential mechanism by which 
maternal exposure to sGCs programs adult metabolic syndrome. 
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Abstract: Schizophrenia is a devastating disorder with a worldwide prevalence of 0.5-1.2% 
(Kessler et. al., 2005), generally presenting in late adolescence and early adulthood (Kessler et 
al., 2007). Previously, a majority of gene-environment studies involving dominant-negative 
Disrupted-in-Schizophrenia-1 (DN-DISC1) have focused on prenatal infection and immune 
activation (Abazyan et al., 2010; Hida et al., 2013; Lipina et al., 2013). It is unclear how the 
interplay between the presence of a susceptibility gene and exposure to environmental stressors, 
in particular prenatal stress, increase the risk of neuropsychiatric disorders, such as 
schizophrenia. Putative vulnerability genes, such as DISC1, when exposed to excessive trauma, 
may act in concert and produce disruptions in neurodevelopmental events. 
Here, we examine alterations in reciprocal circuits of the amygdala and hippocampus in a DN-



DISC1paradigm submitted to prenatal restraint stress. Biochemical and immunohistochemical 
data suggest expression of DN-DISC1 appears to reduce expression of the calcium binding 
protein, parvalbumin, and glutamate receptor subunits, GluN1 and GluA1, in the hippocampus 
and amygdala. These data imply alterations in the amygdalo-hippocampal circuit that may be 
central to the pathophysiology of fear circuits in schizophrenia and may be severely altered when 
the genetic predisposition is combined with early life stress. 
Since neurodevelopmental landmarks and the molecular mechanisms that govern fear memory 
are highly implicated in the etiology of schizophrenia, the impact of DN-DISC1 expression 
combined with prenatal stress exposure in fear circuitry was examined using a battery of 
behavioral tests and biochemical assays. Fear conditioning, specifically contextual and cued 
conditioning, suggest potential effects between the presence of expressed DN-DISC1 and in 
utero stress via restraint of the pregnant dam. 
While one particular gene may not cause schizophrenia, characterizing the gene-environment 
interaction in this disorder will help to further our understanding of its etiology and provide 
insight into the risk of its development possibly creating interventions to help target or alleviate 
its symptoms. As mentioned previously, there is an abundance of evidence to suggest that the 
GABA system is associated with dysfunction in cognitive processing, especially fear memory. 
By defining the GABA system within fear circuitry after prenatal stress exposure in the presence 
of expressed DN-DISC1, we may be able to find new evidence to target the developmental time 
points significant to the onset of schizophrenia. 
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Abstract: Birth involves dramatic changes in a newborn’s environment and the processes 
associated with birth prepare key peripheral organs for the transition to postnatal life. However, 
little is known about how birth influences the brain and behavior. We previously found that birth 
mode (Vaginal “V” vs Cesarean “C”) may alter neurobehavioral development. In this study, we 
further investigated the effects of birth on brain development by focusing on cell death, a key 
feature of nervous system development. There is increased cell death across many brain regions 
around the time of birth in mice, but whether birth induces cell death, and whether mode of birth 
influences cell death has not been addressed. We manipulated birth mode in timed-pregnant 
C57BL/6 mice and collected the brains of offspring in utero at embryonic day (E)18.5 and E19 
and ex utero at postnatal day (P)0 (3h after birth), P1, P3, and P23 for the histochemical 
detection of activated caspase-3, a cell death marker. We found that C born mice had higher cell 
death perinatally across many brain regions, including hypothalamic, epithalamic, hippocampal 
and midbrain subregions. We are currently assessing whether these differential patterns of cell 
death induce long-lasting effects on regional cell number and volume. We are also processing the 
brains for the histochemical detection of microglia, the brain’s resident immune cells. Uterine 
inflammation triggers labor, and parturition activates the peripheral immune system of the 
offspring. Our previous results show that birth is associated with dynamic changes in pro- and 
anti-inflammatory cytokines in the periphery. Whether the immune activation at birth extends to 
the brain is not known and will be investigated here. Together our results suggest that birth may 
be an important event for brain development and deviations from the natural mode of birth may 
alter brain and behavioral development. 
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Title: Influence of In utero stress on fear memory consolidation in adulthood. 
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Abstract: Early life stress has been recognized to have profound and long-lasting effects in 
humans, catalyzing the development of neuropsychiatric disorders such as depression, anxiety 
disorder and Post-Traumatic Stress Disorder (PTSD). To understand how early life stress exerts 
these effects, diverse rodent models have shown varying but significant effects on physiological 
and behavioral endpoints in adulthood. However, little research has been done exploring the 
effects of in utero stress on fear learning in adults: an influence that may have direct 
consequences for the development of PTSD. We explored the relationship between in utero 
stress and the formation of fear memories using classical conditioning. Pregnant female 
C57/Bl6J mice were administered five un-signaled mild foot-shocks, once per day for 3 days, 
causing in utero stress to the gestating offspring on embryonic days 17-19 post-fertilization. In 
adulthood, F1 males were first tested in an Elevated Plus Maze to test anxiety-like behavior, and 
no differences were noted between non-stressed F1 offspring (F1-Control) and F1 animals that 
experienced in utero stress (F1-Stressed). Animals then underwent auditory fear conditioning 
where neutral tone presentations co-terminated with mild foot-shocks. Using freezing as a 
measure of learning and memory, the acquisition of fear was examined during training, and the 
consolidation of fear memory was examined one day later by presenting the same tone in a 
different context. F1-Control and F1-Stressed males did not acquire fear any differently from 
each other during training. In contrast, F1-Stressed males demonstrated lower levels of freezing 
upon tone presentations on the second day compared to F1-Control males suggesting that in 
utero stress impairs the consolidation of fear memory. These data suggest that stress experienced 
in utero results in deficits in the consolidation of emotional memories, which may contribute to 
the development of neuropsychiatric disorders like PTSD. 
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Abstract: Chronic stress is a risk factor in the development of depression and anxiety disorders. 
However, variability in the stress response to chronic stress depends on the individual genetic 
and epigenetic background, and also on the neonatal programming of the stress response system 
development. Maternal stress during gestation was reported to affect fetus developing brain 
morphology and adult offspring behavior, by inducing changes in gene and protein expression. 
We have previously demonstrated that prenatal stress (PS) induces persistent changes in the 
expression of plasticity-related genes such as gpm6a and bdnf in the male offspring hippocampus 
at adulthood. Here we evaluated gestational stress consequences on dams and on prepubertal 
male offspring behavior and stress response. Stressed dams showed lower body weight gain in 
comparison with unstressed control (C) rats, despite finding similar food and water intake 
between both experimental groups. At post-weaning stages stressed dams spent more time 
immobile in the open field and in the Porsolt test, pointing out that chronic stress during 
pregnancy increased depression-like behavior in the rat. Conversely, PS male offspring displayed 
a higher ratio in the open arms entries in an elevated plus maze, indicating a reduced anxiety-like 
behavior than C counterparts, and they also showed a reduced depression-like behavior (Porsolt 
test). Corticosterone levels did not differ between groups after an acute stress or 2h later. Overall, 
our findings indicate that although stress during pregnancy negatively affected the mother 
behavior, offspring did not show such effects. PS offspring seemed to perform better in the 
behavioral tests than C rats. Thus, we propose that exposure to an adverse intrauterine 
environment may provide individuals useful skills to deal afterwards with harsh external 
conditions. This “adaptive developmental plasticity” requires of persistent changes in gene 
expression. Since PS modulates the expression of the plasticity-related genes gpm6a and bdnf by 
changes in their methylation pattern, we propose that the methylation machinery (dnmts, methyl 
binding proteins, tets enzymes) could regulate the gene expression underlying the offspring 
behavior. 

Disclosures:  M.E. Pallarés: None. M.C. Monteleone: None. V. Pastor: None. A. Alzamendi: 
None. S. Olszevicki: None. M.A. Brocco: None. M.C. Antonelli: None. 



Poster 

728. Early-Life Stress: Adolescence 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 728.01/YY14 

Topic: F.04. Stress and the Brain 

Support: NIH Grant NR014886 

Title: Chronic adolescent stress alters the adult rat transcriptome in a sex specific manner 

Authors: *G. N. NEIGH1, S. A. ROWSON2, M. BEKHBAT2, S. D. KELLY2, Q. ZHAOHUI2;  
1Anat. & Neurobio., Virginia Commonwealth Univ., Richmond, VA; 2Emory Univ., Atlanta, GA 

Abstract: Women are more likely to develop depression and other stress-related disorders than 
men. Animal models have proven to be useful in studying this sex effect. Adult rats have been 
found to exhibit behavioral and molecular changes following exposure to chronic adolescent 
stress (CAS). While the behavioral alterations persist to adulthood, whether the molecular 
changes persist is unknown. We assessed the hippocampal transcriptome at baseline and in 
response to an acute stressor in adult rats with and without a background of chronic adolescent 
stress to assess whether molecular changes continue into adulthood. Male and female Wistar rats 
were exposed to a mixed-modality stress paradigm on PND 38-49 or were pair-housed controls. 
The stress paradigm consisted of isolation, restraint, and social defeat. On PND 94, tissue was 
collected from six rats per group at baseline or 30-minutes following a forced-swim acute 
stressor. Total RNA extracts from hippocampal tissue were used for RNA sequencing. Paired 
comparisons between non-stressed and CAS groups were assessed using EdgeR. Metacore was 
used to assess pathway enrichment. Male and female rats exposed to CAS exhibited altered 
patterns of differentially expressed genes at baseline and in response to an acute forced swim 
stressor. 63 unique genes were differentially expressed in CAS females compared to non-stressed 
females following an acute stressor, 11 were differentially expressed in males, and 24 genes were 
altered in both males and females. At baseline, 47 genes were differentially expressed in males 
exposed to CAS compared to non-stressed controls. No genes were altered in females at baseline. 
This study provides novel evidence that changes to the transcriptome following CAS are sex-
dependent. These data also establish that exposure to adolescent stress results in long-term 
changes to hippocampal gene expression that are preserved even months removed from stress. 
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Abstract: Greater incidences of psychiatric disorders in early adulthood have been linked to 
bullying victimization during adolescence. These disorders are characterized by impaired 
executive function, suggesting stress-induced disruption of the developing prefrontal cortex 
(PFC) dopamine (DA) system. Rats exposed to repeated social defeat in adolescence, as a model 
of teenage bullying, display decreased medial PFC (mPFC) DA activity in early adulthood, along 
with changes in mPFC DA-mediated behaviors. We hypothesize that the reduction in adult 
mPFC DA results from over-activation of mechanisms for coping with adolescent stress-evoked 
increases in DA release. In support of this, we have shown that adolescent defeat increases DA 
transporter-mediated clearance of DA in the adult mPFC. In addition, pharmacological activation 
of mPFC DA D2 autoreceptors (D2AR) in non-defeated adolescent rats decreases adult mPFC 
DA activity, mimicking the effect of adolescent defeat. Conversely, pharmacological blockade of 
mPFC D2ARs during adolescent defeat prevents the later mPFC DA hypofunction. Here, we 
investigated whether D2AR function in the adult mPFC is increased following adolescent defeat 
to further contribute to decreases in DA availability. Adolescent male rats experienced either 
repeated social defeat or control (novel cage exposure) from postnatal day (P)35-39. In early 
adulthood (P56), subjects underwent non-recovery stereotaxic surgery, with a unilateral stearate-
graphite paste recording electrode implanted directly into the infralimbic (IL) region of the 
mPFC to measure extracellular DA using in vivo chronoamperometry. A stainless-steel guide 
cannula implanted immediately adjacent to the recording electrode allowed for infusion of 
vehicle (aCSF) or the D2 receptor agonist quinpirole (3 nM/5 µL aCSF), with a decrease in 
extracellular DA after quinpirole infusion indicating preferential activation of D2ARs. 
Preliminary data indicate that this dose of quinpirole induces a greater decrease in extracellular 
DA in the IL-mPFC of previously defeated rats compared to controls, suggesting that the adult 
mPFC DA hypofunction resulting from adolescent defeat may partly be caused by increased 
D2AR function and subsequently enhanced inhibition of DA release. Such increased mPFC 



D2AR function may represent carry over of an initially adaptive mechanism for counteracting 
stress-evoked increases in DA release. However, its persistence into early adulthood in the 
absence of further stress would contribute to a lowering of mPFC DA tone, with negative 
implications for DA-mediated executive function. 

Disclosures:  M.A. Weber: None. G.L. Forster: None. M.J. Watt: None. 

Poster 

728. Early-Life Stress: Adolescence 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 728.03/ZZ2 

Topic: F.04. Stress and the Brain 

Support: NIDA R15 DA035478 

 NSF IOS 1257679 

 NIDA R25 DA033674 

Title: Disruptions to adolescent cortical dopamine activity promote seeking of amphetamine-
associated cues in adulthood 

Authors: *S. ENGEL, R. T. PAULSEN, M. A. WEBER, M. J. GERLACH, A. D. KOCH, G. L. 
FORSTER, M. J. WATT;  
Basic Biomed. Sci., Univ. of South Dakota, Vermillion, SD 

Abstract: Victims of teenage bullying show increased psychiatric disorders in adulthood, 
including substance abuse. This may result from stress-induced disruption of the developing 
adolescent brain, which undergoes dynamic reorganization in areas related to impulse control, 
such as the prefrontal cortex (PFC) dopamine (DA) system. This scenario can be studied using a 
rodent adolescent social defeat paradigm, a model of teenage bullying, which we have shown 
enhances seeking of amphetamine-associated cues in adulthood. Adolescent defeat also reduces 
adult medial PFC (mPFC) DA activity, and pharmacological depletion of mPFC DA is known to 
increase psychostimulant responses. However, a causal link between decreased adult mPFC DA 
resulting from perturbations in adolescence, such as those caused by social stress, and later 
increases in amphetamine responding has yet to be established. Here, we tested this by 
pharmacologically manipulating mPFC DA activity in non-defeated adolescent males to mimic 
the effects of adolescent defeat, then determined if this increased adult drug seeking. Adolescent 
male rats received daily bilateral infusions of either vehicle (aCSF) or the DA D2 receptor 
agonist quinpirole (100 ng/µL in 0.3 µL) into the mPFC from postnatal day (P) 35 – 39. This 



protocol mimics the adult mPFC DA hypofunction caused by adolescent defeat, presumably by 
preferentially activating presynaptic D2 autoreceptors to inhibit DA release and synthesis. Upon 
reaching early adulthood (>P56), conditioned place preference (CPP) was used to assess drug 
cue seeking, with animals receiving either saline or amphetamine (1.0 mg/kg ip.). At P63, brain 
tissue was collected by rapid decapitation and then sectioned to confirm cannula placement, with 
efficacy of drug infusions in reducing mPFC DA determined using HPLC. Consistent with our 
hypothesis, adult rats that received repeated quinpirole mPFC infusions in adolescence exhibited 
decreased mPFC DA content and correspondingly magnified amphetamine CPP compared to 
vehicle-infused subjects. Findings suggest that over-activation of D2 autoreceptors in the 
adolescent mPFC contributes heavily to later DA hypofunction and enhanced psychostimulant 
responses. Therefore, we are currently testing if pharmacological blockade of mPFC D2 
autoreceptors during adolescent defeat will prevent stress-induced decreases in mPFC DA 
activity and normalize amphetamine CPP. Establishing this causal link between adolescent social 
stress, cortical dopamine, and drug seeking is crucial, as it will facilitate development of targeted 
pharmacotherapies for preventing the onset of drug addiction following teenage bullying. 
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Abstract: Adolescence is a developmental period of complex neurobiological changes and 
heightened vulnerability to psychiatric disorders. Evidence suggests that stress during 
adolescence is an important risk factor in the etiology of schizophrenia, a developmental disorder 
that typically manifests in late adolescence or early adulthood. Stressful events alter the 
responsivity of dopamine (DA) system. Additionally, they can precipitate or exacerbate the 
psychotic symptoms and increase the risk for developing schizophrenia. Thus, we evaluated the 



impact of single and combined stressful events during adolescence on schizophrenia-like signs in 
rats as adults. Male rats were submitted to stressors during adolescence [restraint stress (RS; 1 h 
session at postnatal day (PD) 31, 32 and 40); footshock (FS; 25 footshocks of 1.0 mA/2s/session 
daily through PD31-40; or the combination of FS and RS]. At adulthood, animals were tested for 
anxiety (elevated plus-maze, EPM), cognitive function (novel-object recognition test, NOR) and 
DA system responsivity [locomotor response to amphetamine and extracellular recordings of 
ventral tegmental area (VTA) DA neurons]. Electrophysiological parameters evaluated number 
of DA neurons firing (population activity), their firing rate and amount of burst firing. We also 
evaluated whether the exposure to the combination of FS and RS in adulthood (PD65-74) 
produced behavioral and electrophysiological changes similar to the adolescent stressors. All 
stressors impaired body weight gain and induced anxiety-like responses in the EPM. FS and 
FS+RS also disrupted cognitive function as assessed by the NOR test. Only animals exposed to 
the combination of FS and RS showed a DA hyper-responsivity as indicated by augmented 
locomotor response to amphetamine and an increased number of spontaneously active DA 
neurons confined exclusively to the lateral VTA, which projects to associative striatal regions 
analogous to those found to be hyper-responsive in schizophrenia patients. In contrast, no change 
was observed when rats were exposed to the combination of FS and RS in adulthood, 
underscoring that adolescence is a developmental period of particular susceptibility. Our results 
are in agreement with previous studies showing long-lasting changes induced by stressful events 
during adolescence. The impact on DA system activity, however, seems to depend on higher-
level multiple stressors. Hence, stress during adolescence could be a precipitating factor for the 
transition to schizophrenia later in life, and stress control at this vulnerable period may 
circumvent these changes to prevent the emergence of psychosis in susceptible individuals. 
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Title: Adolescent anhedonia provoked by adverse neonatal experience is abrogated by 
knockdown of amygdala corticotropin-releasing hormone 
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Abstract: Background: Vulnerability to disabling stress-related emotional disorders such as 
depression is governed in part by early-life experiences. We have previously demonstrated the 
importance of maternal care, particularly the predictability of sensory signals from the mother, 
for the maturation of emotional systems within the brain. This long-term programming of risk vs. 
resilience has been linked to epigenetic reprogramming of specific stress-sensitive neurons, 
including augmented expression of corticotropin-releasing hormone (CRH) in the central 
amygdala (ACE). However, the role of augmented CRH in the enduring emotional vulnerability 
is unclear. We tested if enhanced ACE-CRH following fragmented neonatal experience is 
necessary for the development of anhedonia, a harbinger of depression. 
Methods: We provoked adverse, fragmented neonatal experience by limited bedding and nesting 
material in the cages (LBN) during (P)2-9, a sensitive developmental period. Adolescents raised 
in LBN cages had decreased sucrose preference and peer play, indicative of an anhedonia-like 
phenotype. To determine the role of ACE-CRH in this phenotype, we employed site-specific, 
siRNA-based knockdown of CRH and determined the effects on emotional outcomes. 
Results: The reduction in sucrose preference induced by early-life LBN was completely reversed 
by ACE CRH knockdown, and analyses of peer play, an independent parameter of pleasure, is 
ongoing. 
Conclusions: Augmented amygdalar CRH is necessary for the development of anhedonia 
following fragmented neonatal experience. Ongoing studies aim to identify the mechanism of 
CRH’s actions on the neural network underlying reward and anhedonia. 
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Abstract: Post-traumatic stress disorder (PTSD) during adolescence represents an increasingly 
important diagnostic consideration, as prevalence rates are higher among adolescents compared 
to adults, and symptom severity and duration may differ significantly (Merikangas et al., 2010). 
We have recently reported a pre-clinical model of PTSD in rats (Garrison et al., 2015) utilizing a 
modification of the Single Prolonged Stress (SPS) Model described previously (Liberzon et al., 
1997). Results indicate that adolescent rats exhibited robust and prolonged alterations in 
behavioral anxiety and locomotor activity compared to adults. Environmental enrichment (EE) 
has been previously shown to decreases anxious behavior and promote exploration of a novel 
environment (see Simpson & Kelly, 2011). The present study exposed adolescent Sprague-
Dawley rats (postnatal day 32-35) to the modified SPS procedure (60 minutes restraint followed 
by 15 minutes of forced swim) or to sham conditions. Behavioral testing (elevated plus maze, 
spontaneous locomotor activity, response to novelty) was assessed two weeks after SPS 
induction. For four weeks, half the subjects were subjected to EE (defined as social housing with 
novel objects and access to an enriched arena five days/week). All rats were then subjected to 
another round of behavioral testing. In addition, because substance use disorders are frequently 
comorbid with PTSD, rats were subsequently tested for the locomotor response to cocaine (15 
mg/kg). We have hypothesized that EE will rescue the behavioral consequences of SPS, resulting 
in increased exploration of the open arms of the elevated plus maze and increased exploration of 
the open field. In contrast, EE is anticipated to increase the locomotor response to cocaine, 
presumably due to effects on dopamine transporter expression. 
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Title: Repeated stress impairs prefrontal cortical regulation of the amygdala in rats 
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Abstract: The prefrontal cortex (PFC) can impose inhibitory regulation over the activity of the 
amygdala and thereby regulate emotion. Adolescence is associated with emotional lability and 
there are hints towards immature PFC regulation over the amygdala in adolescents. Repeated 
stress produces further dysregulation of emotion. One possible contributing factor for this effect 
is through impaired control over the amygdala by the PFC. The purpose of this study was to test 
1) whether there is less regulation by the PFC over the amygdala in adolescence and 2) whether 
repeated stress reduces PFC regulation over the amygdala. To accomplish this, adolescent rats 
were exposed to control handling or repeated restraint stress (P32-41). On P42, rats underwent 
fear conditioning and extinction or acute in vivo electrophysiological recordings from neurons of 
lateral (LAT) and basal (BA) nuclei of the amygdala. These adolescent rats were compared to 
adult rats that were exposed to the same protocol. We found that adolescent rats displayed slower 
fear extinction, and this was further impaired by repeated stress. In addition, adolescent rats 
displayed weaker inhibition of LAT and BA neurons upon stimulation of the infralimbic (IL) or 
prelimbic (PrL) PFC, which was further reduced by repeated stress. Though the mechanism is 
unclear, these results are consistent with a weaker PFC regulation over the amygdala in 
adolescent rats, and that this already weaker regulation is disrupted by repeated stress. This may 
contribute to the harmful effects of repeated stress on affect and mood in adolescence. 
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Abstract: Binge alcohol consumption among adolescents is a major health concern in the United 
States, with 21% of teenagers reporting binge-pattern drinking behavior in the last 30 days. 
Binge drinking is defined as raising the blood alcohol concentration above 0.08% within 2 hours. 
This behavior is associated with an increased risk for anxiety and mood disorders in adulthood. 
Children of alcoholics also exhibit a higher rate of suicide as well as an increased risk of alcohol 
addiction. Recently, our lab has shown that alcohol-naïve offspring of animals exposed to 
alcohol during adolescence show altered gene expression profiles in the hypothalamus, a region 
of the brain involved in stress regulation. These intergenerational changes might be caused by a 
mechanism involving epigenetic inheritance. DNA methylation is a stable and heritable 
epigenetic mark that can be influenced by environmental factors. Aberrant DNA methylation is 
implicated in several cognitive disorders that are also associated with alcohol use such as 
schizophrenia, depression, and addiction. Using a rodent model of adolescent binge alcohol 
exposure, we employed Enhanced Reduced Representation Bisulfite Sequencing (ERRBS) as an 
unbiased approach to test the hypothesis that parental exposure to binge-pattern alcohol during 
adolescence alters DNA methylation in the hypothalamus of alcohol-naïve offspring. Wistar rats 
were administered a repeated binge-EtOH exposure paradigm where they received 3g/kg of 20% 
(v/v) EtOH via oral gavage once daily for 3 days, then 2 days vehicle and another 3 days EtOH 
at both early and late puberty (PND37, 67). Animals were paired for mating 24h after the last 
EtOH dose. Pairs consisted of all combinations of EtOH- and vehicle-treated males and females. 
Litters were culled to 10 pups per dam and were left until PND7 when all animals were 
euthanized. The hypothalamus was extracted from male pups and genomic DNA was isolated. 
We found that male offspring of alcohol-exposed parents exhibited differential DNA methylation 
patterns and that these patterns varied between maternal and paternal exposure. Differentially 
methylated cytosines (DMCs) were distinct between all mating pairs, with only nine genes 
common to all treatment groups. Genes with DMCs displayed alterations in expression, but 
methylation was not the only predictor of expression levels, underscoring the complexity of 
transcriptional regulation in this tissue. Overall, we have shown altered DNA methylation in the 
hypothalamus of alcohol-naïve offspring following parental adolescent binge drinking. 
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Abstract: Puberty is a critical period of postnatal brain development characterized by increased 
neurogenesis and synaptogenesis. Physical and psychological stressors during pubertal 
development have been linked with an increased risk for mental health disorders in adulthood, 
suggesting that perturbations of the hypothalamo-pituitary-adrenal (HPA) axis during this critical 
period negatively impacts genes regulating these neurodevelopmental processes. Previous studies 
in our laboratory showed that peri-pubertal episodic binge-pattern alcohol exposure dysregulated 
HPA axis activity, an effect that persisted in adulthood even after a long period of alcohol 
abstinence. Further, we showed that alcohol exposure induced long-term alterations in small non-
coding microRNAs, some of which were predicted to target key neurodevelopmental genes. The 
current study extends those findings and we hypothesized that peri-pubertal alcohol exposure 
dysregulates genes involved in mediating hippocampal synaptogenesis by altering their 
associated microRNA effectors. To test this hypothesis, peri-pubertal male rats were 
administered an episodic binge alcohol paradigm as previously described (Przybycien-
Szymanska et al., PLoS ONE 2011). Upon euthanasia, the brains were flash frozen and the 
ventral hippocampus was microdissected. We then used qRT-PCR profiling arrays to measure 
the expression levels of microRNAs and mRNAs known to be important for neurodevelopment 
and synaptic plasticity in the ventral hippocampus. Overall, the data revealed that alcohol 
significantly decreased seven microRNAs (miR-19a/b-3p, miR-29a/c-3p, miR-34a, miR-488-3p, 
and miR-181d) in the ventral hippocampus. Moreover, alcohol correspondingly increased several 
genes (mRNAs) associated with synaptic plasticity , suggesting that they were potential targets 
of the miRNAs that decreased in response to binge alcohol exposure. Together, our data revealed 
that microRNAs are a putative molecular mechanism mediating alcohol-induced disruption of 
synaptogenesis during pubertal development. 
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Abstract: Brain-derived neurotrophic factor (BDNF) is an important determinant of 
hippocampal function throughout the lifespan, facilitating neuronal survival and differentiation, 
synaptic structure and plasticity, long-term potentiation, learning and memory. A single 
nucleotide polymorphism (SNP), which produces a valine-to-methionine substitution at codon 66 
(Val66Met) in BDNF leading to reduced activity-dependent secretion of BDNF. The BDNF 
Val66Met polymorphism has been associated with anxiety disorder, and abnormalities in 
hippocampal formation and cognitive function. Previous studies suggest that both food 
restriction and exercise elevate BDNF levels in the hippocampus. Here, we investigated whether 
food restriction and/or exercise during adolescence would rescue the behavioral deficits in 
BDNF-Val66Met knock-in mice. Four experimental groups of male and female pubertal BDNF-
Val66Met knock-in mice and their wild-type littermates were evaluated: CON (singly housed 
mice with no running wheel experience or food restriction), and three experimental groups: EX 
(housed with a wheel from P36-44), FR (food restricted from P41-44), and FR-plus-EX (housed 
with a running wheel from P36-44 and food restriction from P41-44). We assessed anxiety-
related levels of these animals after recovery from food restriction by elevated plus maze. Spatial 
and object recognition memory and social preference and recognition of the animals were also 
tested after recovery from food restriction. Our preliminary data suggest that, during early 
adulthood, male BDNFMet/Met mice display increased anxiety-like level and show impaired 
spatial, object recognition memory, and social recognition ability. EX, FR, and FR-plus-EX 



during adolescence have no effect on anxiety-like level in BDNFMet/Met mice. However, EX, FR, 
and FR-plus-EX show differential effects but mostly rescue the spatial, object recognition 
memory, and social recognition deficits of BDNFMet/Met mice to levels of BDNFVal/Val controls. 
On the other hand, female BDNFMet/Met mice display normal spatial memory and social 
recognition ability, but increased anxiety-like level and impaired object recognition memory. 
EX, FR, and FR-plus-EX can rescue the object recognition memory deficits in BDNFMet/Met 
female mice. This study highlights sex differences in the effects of BDNF Val66Met 
polymorphism on cognitive functions, while anxiety-like behavior is similar across the sexes. 
This study also provides evidence for the effects of food restriction and/or exercise during 
adolescence on rescuing the behavioral deficits in BDNFMet/Met mice. 
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Abstract: Juvenile stress is proposed to contribute to the prevalence of obesity in school-aged 
children by possibly increasing the preference and consumption of calorically dense palatable 
food (PF). This stressed-induced consumption of PF may lead to long-term detrimental 
consequences such as obesity in adulthood. There is evidence to suggest that ghrelin, an 
orexigenic peptide, contributes to this stress-induced preference by mediating dopamine release 
within mesolimbic structures. More specifically, ghrelin binds to the growth hormone 
secretagogue receptor which are expressed at the ventral tegmental area and can stimulate 
dopamine release to the nucleus accumbens. Ghrelin increases reward-associated behaviors such 
as conditioned place preference for drugs of abuse, motivation and enhancing cocaine 
hyperlocomotor activity. As such, the objective of the present study was to assess how access to 
PF in combination with juvenile stressor exposure alters sensitivity to exogenous administered 



ghrelin. In this study, two groups of male Wistar rats were subjected to an episodic stressor 
exposure during the juvenile period on post-natal days (PD) 27-29. Both groups received ad lib 
access to chow however one group had daily limited access to PF. In addition, there were two 
non-stressed diet counterpart groups. In adulthood (PD 61), rats were subjected to a central 
injection (ghrelin (10ug) or vehicle) and given ad lib access for two hours to one of the two diets: 
a novel palatable diet (cookie dough) or chow. Consumption was recorded. Afterwards, 
locomotor activity was compared between an intraperitoneal injection of cocaine (10mg/kg) with 
and without a peripheral pretreatment of ghrelin (10ug). Our findings indicate that in adulthood, 
central ghrelin administration did not increase consumption of cookie dough in PF fed rats 
regardless of stressor exposure, however in previously stressed chow fed rats an increase in 
cookie dough intake was observed. Interestingly, a pretreatment of ghrelin did not increase 
cocaine hyperlocomotor activity in PF fed rats; yet enhanced cocaine hyperlocomotor activity 
was displayed in chow fed rats. These findings suggests that access to PF dampens ghrelin 
signaling regardless of juvenile stressor exposure and that juvenile stressor exposure enhances 
ghrelin signaling in chow fed rats. It is proposed that stressor exposure during this sensitive 
developmental period can elicit a sensitization to rewarding stimuli (PF and drugs of abuse) in 
adulthood that is mediated by enhanced ghrelin signaling. 
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Abstract: Stress coping style is a major personality dimension in fish and may be assessed using 
behaviours related to anxiety. Anxiety is indicated by freezing and hiding behaviour, while 
ambulatory behaviour indicates a lack of anxiety. Moderate stress exposure during development 
can result in stress inoculation, such that individuals display more active coping styles compared 



to those without stress exposure. This study investigates how developmental stress exposure 
affects adult stress coping styles in the convict cichlid (Amatitlania nigrofasciata) to explore 
possible stress inoculation effects on behavioural and physiological responses to stress. Fish 
were net chased for two minutes per day for two weeks immediately after becoming free-
swimming, and then their behavioural (i.e., exploration patterns in open field and plus maze 
tasks) and cortisol responses to stress were assessed at nine months of age. Cortisol levels by 
weight were significantly correlated to treatment, such that stressed fish had lower cortisol levels 
than controls. This result is consistent with the stress inoculation hypothesis that moderate 
juvenile stress exposure will result in lower stress reactivity (i.e., lower cortisol levels) later in 
life. In the plus maze task, there was a significant effect of treatment on the amount of time spent 
in open and closed arms but no effect of cortisol levels. Stressed fish spend more time in open 
arms than control fish, which is also consistent with stress inoculation, as the stressed fish are 
employing a more active coping style than the control fish. In contrast to plus maze, open field 
task showed a significant relationship between amount of time spent in inside squares and 
cortisol levels and no effect of treatment. Fish with lower cortisol levels spent more time in 
inside squares, while fish with higher cortisol levels spent less time in inside squares. A 
significant interaction effect between cortisol levels and treatment on exploration rate of inside 
squares, such that stressed fish with low cortisol levels explored faster and those with high 
cortisol levels explored slower, while control fish had medium exploration rates independent of 
cortisol levels. It is possible that stress exposure influences the hormonal profile, as expected by 
the relationship between cortisol levels and treatment, which is supported by the interaction 
effect on exploration rate. This suggests that plus maze behaviour may be affected more by 
personality, such as anxiety, while open field may be more influenced by physiology, such as 
hormonal profiles. Further research will be done to delve deeper into this dichotomy. 
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Abstract: Anorexia nervosa (AN) is a disorder characterized by intentional food restriction, 
severe weight loss and excessive exercise and is often comorbid with anxiety and depression. 
The onset of AN is most often during adolescence, a period of heightened neurogenesis in the 
dentate gyrus. Little is yet known about the structural and developmental impact of AN on 
adolescent brains. While it has been shown that the peripheral noradrenergic (NA) system is 
perturbed in patients diagnosed with AN, whether the NA system within brain is also altered has 
not been reported. In order to explore brain changes that could be associated with AN, we used 
an animal model, called activity-based anorexia (ABA), whereby food restriction evokes 
voluntary food restriction and excessive exercise (possibly, as a form of foraging behavior) 
within 24 hrs, causing some to die unless removed from the food restriction-plus-wheel 
environment. Animals’ daily wheel running distances and body weights were measured for 8 
days, from P35 or 36. Food restriction was imposed during the last 4 of those 8 days. The extent 
of weight loss and increase in wheel running during the food-restricted period varied across 
individuals, with weight loss ranging from 11% to 23% and wheel activity increasing 0 to > 6-
fold among 8 ABA rats. On P44, all animals were euthanized by transcardial perfusion with 4% 
paraforlamdehyde. Brain tissue was immunolabeled for norepinephrine’s rate-limiting synthetic 
enzyme, dopamine β-hydroxylase. Neurolucida 360’s AutoNeuron feature was used to 
automatically trace, then count the number and measure lengths of NA axons contained within 
the hilus from coronal vibratome sections (10 µm x 131.5 µm x 175.5 µm). Neurolucida (version 
10) was also used to manually trace 10 randomly selected axons per animal, together with all of 
their associated varicosities, within the hilus. Compared to age-matched rats without food 
restriction or wheel access (N=8, CON), the inter-varicosity distances along NA axons was 
reduced by 26% (p<0.05) within the hilus of ABA animals, while the average axonal length was 
increased by 34% (p<0.05), together increasing the potential release sites of norepinephrine. 
Pearson correlation analyses revealed that resilient animals, characterized by minimal weight 
loss or minimal FR-evoked running, exhibit more varicosities (r=.67, p=.07) and longer axonal 
segments (r=-.69, p=0.05). Thus, individuals with the greatest adaptability for survival by 
suppressing wheel running are also the ones able to increase NA innervation the most. Enhanced 
NA signaling may support behavior that is adaptive to food deprivation within confine of a cage, 
namely to eat, rather than run. 
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Abstract: Stress during adolescence is a risk factor for anxiety and mood disorders, and has been 
shown to induce morphological changes in neurons in the prefrontal cortex and amygdala. As in 
adults, adolescent exposure to stressors activates the HPA axis, leading to increased 
corticosterone (CORT) levels in rats, and the hormonal response to stress is enhanced during 
adolescence. Previous research has found varying effects of exposure to stressors on anxiety 
associated with age of exposure and age of testing. Although the orbitofrontal cortex (OFC) and 
basolateral amygdala (BLA) participate in managing cognitive and emotional responses to stress, 
little is known about how acute stress during specific periods of adolescence affects the dendritic 
structure of neurons in these regions. The aim of the present study was to elucidate age-
dependent effects of acute CORT treatment during adolescence. Specifically, we investigated if a 
single CORT injection increases anxiety-type behavior in adolescent rats and if it causes OFC 
and BLA dendritic remodeling. Male adolescent Sprague-Dawley rats were given CORT (10 
mg/kg) or saline control injections in early adolescence (28 days old) or given CORT or saline 
control injections in mid-adolescence (36 days old). Anxiety was assessed with the elevated plus 
maze and open field test 12 days after injection, while rats in both groups were still within the 
adolescent period. One day after behavioral testing, rats were euthanized and brain tissue was 
Golgi-stained for assessment of dendritic morphology of neurons in the OFC and BLA using 
Neurolucida. In the elevated plus maze, mid-adolescent CORT-treated rats spent significantly 
more time in the open arms than the age-matched control group, indicating an increase in 
anxiety-type behavior. Early-adolescent CORT-treated rats, in contrast, did not exhibit any 
behavioral effects of the treatment. Similar age-specific effects of CORT were observed in OFC 
neuronal structure. In the mid-adolescent CORT-treated rats, morphological analysis revealed 
evidence of elongation and arborization of apical dendrites of OFC neurons. No changes were 
detected in basal dendrites of these neurons. CORT treatment during early adolescence had no 
effect on dendritic morphology of OFC neurons. In BLA neurons, no changes in dendritic 
morphology were observed after CORT treatment during either early adolescence or mid-



adolescence. Taken together, these findings suggest that acute CORT administration in mid-
adolescence causes increased anxiety and dendritic expansion in the OFC later in adolescence, 
but these effects are not present after acute CORT administration in early adolescence. 
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Abstract: Chronic stress can lead to psychiatric illness characterized by impairments of 
executive function, implicating the prefrontal cortex as a target of stress-related pathology. 
Previous studies have shown that multiple types of chronic stress reduce dendritic branching, 
length, and spines of medial prefrontal cortex (mPFC) pyramidal neurons. However, these 
studies focused on layer 2/3 pyramidal neurons in adult rats. Whereas these neurons process 
incoming information, layer 5 is the major output layer. Because the prefrontal cortex develops 
throughout adolescence, stress during this period may have a greater impact on structure and 
function than stress during adulthood. In this study, male adolescent (42-48 days old; n = 36 
neurons from 4 controls, 30 neurons from 4 stressed rats) or adult (68-72 days old; n=37 neurons 
from 4 controls, 32 neurons from 4 stressed) rats were exposed to repeated social stress as 5 days 
of resident-intruder stress or control manipulation. Brains were processed for Golgi staining 24 h 
after the final manipulation, cells were visualized on a Nikon Eclipse scope, and Neurolucida 
was used to reconstruct and analyze dendrites. Repeated social stress induced age- and layer-
specific effects. In layer 2/3, there was an interaction of age*stress such that stress increased 
basal dendritic length in mid-adolescents, but decreased it in adults [F(3,119)=5.38, p=0.0003]. 
There was an overall stress-induced decrease in basal dendrite branching [stress effect: 
F(3,119)=6.15, p<0.0001]. Mid-adolescent neurons had significantly more apical branches than 



adults [age effect: F(3,119)=11.85, p=0.003] and stress decreased apical branches in mid-
adolescents but not adults [age*sex interaction: F(3,119)=11.85, p=0.014). In layer 5, basal 
dendrites of mid-adolescents were longer [age effect: F(3,134)=16.44, p<0.0001 and had more 
branches [age effect: F(3,134)=17.56] Stress increased basal dendrite length [age*stress 
interaction: F(3,134)=16.44, p=0.0004] and branching [age*stress interaction: F(3,134)=17.56, 
p<0.0001] only in adults, and decreased branching in mid-adolescents. Stress also increased 
apical dendrite length only in adults [age*stress: F(3,134)=6.35, p=0.0028] . Likewise, stress 
increased apical branching in adults but decreased it in mid-adolescents [F(3,134)=7.08, 
p=0.0002]. These findings demonstrate divergent morphological effects of social stress on mPFC 
dendritic structure of adolescent and adult male rats that suggest an increased vulnerability of 
adolescents to cognitive-impairing effects of social stress and the development of an opposing 
response that may be adaptive in adulthood. 
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Abstract: In humans and rodents, stress regulates reward-related decision-making. For instance, 
prolonged stressor and corticosteroid exposure impair the ability of rodents to select actions 
based on their consequences. However, neurodevelopmental factors remain largely 
uncharacterized. Here, we exposed mice to oral corticosterone (CORT) and found that 
subchronic exposure in early adolescence, but not in adulthood, impaired goal-directed decision-
making in adulthood. The pattern of behavioral deficiencies was reminiscent of that following 



hippocampal damage, so we characterized the expression of tyrosine receptor kinase B (trkB) in 
the ventral hippocampus (vHC) and interconnected regions – the medial prefrontal cortex and 
amygdala – following CORT. CORT exposure decreased the ratio of the full-length (active) trkB 
receptor to the truncated (inactive) form of trkB in all regions and in both adolescents and adults. 
However, CORT decreased phosphorylation of the signaling protein ERK1/2 (downstream of 
trkB) selectively in the vHC of adolescent mice. Administration of the trkB agonist, 7,8-
dihydroxyflavone (7,8-DHF), in adolescence blocked CORT-induced decision-making and 
motivational deficits in adulthood in both males and females and induced resilience to 
depressive-like behavior in the forced swim test. These findings implicate vHC trkB-ERK1/2 
signaling in habit-based behaviors and motivational deficiencies following stress hormone 
exposure in early adolescence. 
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Abstract: Traumatic experiences during childhood or adolescence can alter behavioral responses 
and are a risk factor for mental disorders later in life. In animals, individuals attacked by adults 
during puberty become themselves aggressive once adults. Perhaps, enhanced aggression 
observed as repeated attacks towards opponents is associated with a lack of impulse control or a 
deficit in adjusting behavior when environmental rules change (behavioral flexibility). We 
analyzed impulsivity and behavioral flexibility in male golden hamsters exposed daily to 
aggressive adults from postnatal day 28 to 42. Later in adulthood, the animals were tested in a 
Go-NoGo task to evaluate action inhibition. In the Go-NoGo task subjects were trained to 
respond to a “go” cue (lever press in the presence of a light) and inhibit response to the “no-go” 
cue (withhold lever press in the presence of a combined tone and light cue). Previously stressed 
hamsters were less likely to inhibit a conditioned lever pressing response during NoGo trials. 
Since this effect could be the result of a lack of behavioral flexibility, the animals were tested to 



evaluate their response when the reward associated with conditioned lever presses was fully 
omitted. However, all animals were equally capable of changing their behavior and decrease the 
frequency of conditioned response across sessions. Behavioral flexibility was further addressed 
by testing responses when a previously immediate reward was delayed by 60 seconds after lever 
pressing. Previously stressed animals showed decreased lever pressing on the first day of testing, 
abandoning the chamber area with the lever within minutes. These studies show that stress in 
early puberty causes a reduction in action inhibition as seen in the Go-NoGo task and selective 
impairment in behavioral flexibility as seen when the reward was delayed but not when it was 
omitted. 
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Title: Impact of arterial stiffness on cognitive and cerebrovascular functions 
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Abstract: Arterial stiffness is a common condition associated to aging and hypertension, and it 
is emerging as a strong risk factor for cognitive decline and dementia. Arterial stiffness refers to 
the reduced capability of an artery to buffer the pulsatile blood flow from ventricular ejection. 
When large arteries loose elasticity, the resultant increased pulsatility may lead to downstream 
microvascular damage. The cellular and molecular mechanisms linking arterial stiffness to 
cognitive dysfunction remain poorly understood. Thus, using a novel murine model based on 
carotid calcification, we aimed to examine the effects of arterial stiffness on learning and 



memory, neurovascular coupling, blood-brain barrier (BBB) permeability and features of 
Alzheimer’s disease pathology. Arterial stiffness was induced by the application of a 0.3M CaCl2 
–soaked pad on the right carotid artery (20 min) of C57BL/6 male mice aged 10-12 weeks. 
Control mice received 0.9% NaCl, in identical conditions. Animals were sacrificed between 2 
and 3 weeks after surgery. Results show that carotid calcification leads to a slower spatial 
learning acquisition, as assessed by the Morris water maze test. In this paradigm, mice with 
arterial stiffness further exhibited significant impairments in spatial reference memory. Arterial 
stiffness also attenuated the cerebral blood flow response to whisker stimulation and to the 
topical application of the endothelium-dependent vasodilator acetylcholine, monitored by laser-
Doppler flowmetry in vivo. Although modest, arterial stiffness led to a shift in the Aβ40/Aβ42 
ratio in the frontal cortex, without affecting tau protein phosphorylation. Analysis of cerebral 
autoregulation and BBB permeability are underway. These initial results show that arterial 
stiffness has a negative impact on cognitive and cerebrovascular functions, and should therefore 
be considered as target to protect the brain. In the long-term, we plan to use this model to test 
experimental therapeutics. 
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Abstract: Acute exercise has been recognized to modulate cerebral blood flow (CBF), but the 
relationship between changes in CBF and cognitive performance is unclear. Purpose: (i) to 
assess the effects of exercise intensity on CBF (ii) to assess the effects of exercise on cognitive 
performance (iii) to determine the relationship between exercise-induced changes in CBF and 
cognition. Methods: 31 sedentary adults (19 males and 12 females, 26 ± 3 yrs.) participated in a 
crossover study and performed a light (20% of power max) and moderate (65% of power max) 
constant-load cycling exercise for 10 minutes. Middle cerebral artery (MCA) blood flow velocity 



(CBFv), peak and pulsatility index (PI) were continuously monitored during exercise using 
transcranial Doppler ultrasonography. Cognition was assessed using the Cogstate brief battery 
test: detection task (for psychomotor function / speed of processing), identification task (for 
visual attention), one card learning (for visual learning & memory), one back task (for working 
memory) and Groton maze (for visuospatial memory) were performed before and immediately 
after exercise. Results: CBFv increased significantly during exercise at 20% (p=.02) and tend to 
decrease during exercise at 65% (p=.06). CBFv significantly increased during the Groton Maze 
test at rest (p=.02) but not during any other cognitive test. There were no changes in CBFv 
during the cognitive testing following exercise at 20%, however, CBFv decreased and PI 
increased (p<0.01 and p<0.04 respectively) for all the cognitive testing following the exercise at 
65%. Cognitive performance did not change following exercise despite the change in CBFv. 
Conclusion: Exercise regardless of intensity did not result in changes in cognitive performance. 
Thus, CBF hemodynamic variability may be necessary to preserve cognitive performance. 
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Abstract: A very tight cerebral blood flow (CBF) hemodynamic response is essential for brain 
function. Most of the studies on CBF using the middle cerebral artery (MCA) have been 
investigating only one hemisphere (predominantly right). Thus, lateralization in blood flow 
response to stimulus is not well understood. At rest, CBF symmetry is expected; whereas 
asymmetrical flow can be an indicator of psychological or physiological pathology. It is possible 
that asymmetries in cerebral hemodynamics also exist as a normal and healthy response to 
stimulation in order to maintain cognition. Purpose: To assess bilateral symmetry in MCA blood 



flow during a physiological stress. Methods: Participants (N = 33, 15 femals and 18 male) 
performed 10 minutes of light (20% of max power) and moderate (65% of max power)cycling 
exercise. Brain hemodynamics measures of mean velocity, peak velocity, and pulsatility index 
were monitored bilaterally for the MCA by two 2-MHz Doppler probes. Sample sizes were set to 
10 mm and depth ranged from 50 to 60 mm. Data was processed using commercially available 
software (Sonara Medical Systems, Carefusion). Statistical significance in bilateral asymmetry 
was assessed using a mixed model analysis of variance with gender (male vs female) and 
exercise intensity (light vs moderate) as between-subjects factors (IBM, SPSS) and significance 
was set as p < 0.05. Results: At rest, no significant differences in right versus left CBF mean 
velocity (mean = 50.5 vs. 46.4 cm s-1), peak (mean = 80.3 vs. 78.2 cm s-1), or pulsatility index 
(mean = 1.1 vs 1.2) were observed (p > 0.05 for all measures). During exercise, assessment for 
the main effect of exercise intensity revealed significantly greater right compared to left side 
peak velocity during moderate exercise (p < 0.05), but not during light exercise. No significant 
gender-specific asymmetries were detected as main effects. A significant interaction amongst 
right/left asymmetry, exercise, and gender was detected in both mean velocity and peak velocity 
(p < 0.05). Post-hoc analysis revealed greater right compared to left CBF mean velocity and peak 
velocity during light exercise in females (p < 0.05 for both measures). The same was also 
observed in males, but for moderate intensity exercise (p < 0.05 for both measures). Conclusion: 
Hemispheric differences in MCA blood flow exists in response to metabolic stress, although 
level of intensity and gender can influence the nature of the asymmetry in cerebral 
hemodynamics. These findings lead the way for future study to better understand mechanisms 
driving cerebral blood flow asymmetry during exercise. 
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Abstract: The mechanisms of neurovascular coupling (NVC) match brain energy supply with 
demand. The molecular events that trigger functional hyperemia are under debate, and may not 
be regionally uniform. There is a lack of experimental techniques with sufficient spatio-temporal 
resolution to probe changes in parenchymal O2 concentration, PCO2 and pH at the level of 
individual CNS nuclei. Here we used fast-cyclic voltammetry (FVC) to monitor changes in tissue 
PO2 and pH in the somatosensory cortex and brainstem during neuronal activation in vivo. A 
voltage ramp is applied to carbon fiber microelectrodes (CFM; ⌀ 7µm) from 0v to -1v at 200V/s, 
4 times every second. Molecular oxygen and protonated groups on the surface of the CFM are 
reduced. Currents generated from these reactions are proportional to the concentration of oxygen 
and protons. Adult male rats (~300g) were anesthetized with α-chloralose (75mg kg-1). Blood gas 
tensions and pH were maintained within the physiological ranges. CFM was placed in the 
somatosensory region of the cortex or in the brainstem’s nucleus of the solitary tract (NTS). 
Electrode placements were confirmed by recording extracellular potentials evoked by the 
electrical stimulation of the forepaw or the vagus nerve (1mA, 1Hz). Exposed tissue was sealed 
from the air. 
To confirm voltammetric oxygen and pH sensitivities, systemic hypoxia and hypercapnia were 
induced. During apnea (30s) expected rapid decreases in cortical brain tissue PO2 were 
recorded(n=3). Systemic hypercapnia (10% CO2; 5min) caused a decrease of brain parenchymal 
pH by 0.17±0.04 units (n=5). 
Electrical forepaw stimulation evoked biphasic changes in cortical parenchymal pH and PO2. 
Initially, PO2 increased (by 12±1mmHg; n=6), followed by a decrease of 8±3 mmHg. This 
profile of PO2 changes was similar to the time course of BOLD signal recorded under similar 
experimental conditions in a 9.4T small animal MRI scanner (Agilent). Changes in pH followed 
a similar profile with an initial increase (by 0.1±0.02 units; n=6) followed by a decrease (by 
0.06±0.01 units) before returning to the baseline. In the brainstem, electrical stimulation of the 
vagus nerve triggered an initial decrease in PO2 (by 7±2mmHg; n=5) followed by an increase (by 
3±1 mmHg; n=5). pH decreased (by 0.15±0.04 units) before returning to the baseline. 
These data demonstrate that pH and PO2 changes associated with NVC vary between different 
brain regions. FCV allows simultaneous electrochemical detection of blood flow-related changes 
in brain parenchymal PO2 and pH with sufficient spatio-temporal resolution required to 
investigate the physiological significance of these differences. 
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Abstract: Hemodynamic signals are used to infer neural activity in the absence of overt behavior 
or tasks using non-invasive imaging techniques such as fMRI. However, it is not clear whether 
spontaneous neural activity and sensory evoked neural activity are coupled to hemodynamic 
changes in the same way. We simultaneously measured neural activity, cerebral blood volume 
(CBV), and behavior in the somatosensory cortex of awake, head-fixed mice in order to compare 
neurovascular coupling across behavioral states. Whisker position was monitored to detect 
periods of attentive active sensing and the whiskers were periodically stimulated with brief puffs 
of air. This allowed the measured CBV and neural data to be categorized according to three 
behavioral types: sensory-evoked, volitional whisking, and rest, which was defined as the 
absence of discernible behaviors. The variance in CBV was significantly larger during passive 
sensation and volitional movement than during rest. The hemodynamic response function (HRF), 
which is the linear kernel that relates neural activity to the measured CBV, was similar for all 
three behaviors. This indicates that neurovascular coupling is conserved across behaviors, but 
that large “spontaneous” CBV changes are driven by volitional movement. To determine the 
amount of CBV variance explained by neural activity, the HRF was used to predict CBV 
changes from the measured local neural activity on individual trials and for averaged data. The 
HRF performed well at predicting sensory evoked CBV changes, accounting for ~80% of the 
CBV variance. However, <10% of the CBV fluctuations at rest could be accounted for by the 
local neural activity. The unpredicted component of the CBV fluctuations was concentrated 
around 0.1 Hz. To test whether a portion of resting-state CBV was driven independently of local 



neural activity, we infused muscimol into the barrel cortex while measuring CBV and neural 
activity. Muscimol decreased the amplitude of sensory-evoked CBV response and the CBV 
variance at rest, confirming that spontaneous hemodynamic fluctuations depended strongly on 
local neural activity. The power of remaining CBV fluctuations was concentrated at 0.1 Hz. Our 
results suggest that large spontaneous hemodynamic signals are driven by volitional, active 
behaviors, and confirm that spontaneous hemodynamics are associated with local neural activity. 
However, the poor performance of the HRF during rest suggests a complex relationship between 
measured neural activity and spontaneous hemodynamic fluctuations. 
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Title: Pericyte degeneration leads to neurovascular uncoupling 
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Division, Athinoula A. Martinos Ctr. for Biomed. Imaging, Dept. of Radiology, Massachusetts 
Gen. Hosp. and Harvard Med. Sch., Charlestown, MA 

Abstract: The regulation of cerebral blood flow (CBF) and oxygen supply to match neuronal 
functional activity is regulated by synchronous action of different cell types -- neurons, vascular 
cells such as vascular smooth muscle cells and endothelium, and glia -- comprising the 
neurovascular unit. Pericytes, mural cells of the capillary vessel wall, are critical for the 
stabilization of the capillary wall, maintenance of the blood-brain barrier and have recently been 
implicated in the regulation of capillary diameter. However, their role in regulation of 
neurovascular coupling remains debatable. Using pericyte-deficient Pdgfrβ+/- mice, we show 
that pericyte reduction in vivo leads to delayed capillary dilation in response to neuronal 
stimulus, and reduced red blood cell flow velocity in capillaries carrying oxygen to activated 
brain sites, in spite of intact arteriolar response and vasoactivity. We show that diminished 
cortical CBF responses to stimulus in pericyte-deficient mice leads to metabolic stress, which 
over time leads to impaired neuronal excitability and neurodegenerative changes. Together, these 
data imply that pericytes play an important role in neurovascular coupling and oxygen supply to 
the brain, and that pericyte degeneration contributes to neurovascular uncoupling. Degeneration 
of pericytes, likely contributes to neurovascular dysregulation, leading to neurovascular 
dysfunction and eventually neurodegeneration. 
Supported by NIH grants AG039452, AG023084, NS034467, EB018464, EB000790, 
NS055104, and American Heart Association grant SDG7600037. 
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Title: Serotonergic modulation of neurovascular coupling: receptor and pathway specific effects. 

Authors: A. SPAIN, G. BREZZO, J. BERWICK, C. HOWARTH, *C. J. MARTIN;  
The Univ. of Sheffield, Sheffield, United Kingdom 

Abstract: The rapid and local adjustment of cerebral blood flow in relation to changing neuronal 
activity is termed neurovascular coupling. Whilst our understanding of the physiological 
mechanisms underpinning neurovascular coupling has advanced substantially in recent years, 
empirical work has focussed on the role for excitatory, glutamate-mediated neurotransmission in 
neurovascular coupling, with little research into how important modulatory neurotransmitters 
such as serotonin (5-HT) might affect neurovascular function. Receptors for 5-HT are found not 
only upon many neuronal cell types, but also upon non-neuronal neurovascular unit cells. 
Changes in brain 5-HT and/or in the availability of specific 5-HT receptors has the potential to 
alter neurovascular function in complex ways which might be dependent upon brain region, 
neurophysiological (activation) conditions, and neuropathology. To investigate this, we used a 
rodent model in which acute pharmacological manipulation of the 5-HT system was combined 
with multi-modal neuroimaging and electrophysiological recording. This enabled us to determine 
neurovascular coupling relationships in-vivo, by combined measurement of neuronal and 
hemodynamic parameters under both resting and stimulus evoked (activation) conditions. Under 
anaesthesia, the skull overlying somatosensory cortex was thinned to translucency for cortical 
imaging whilst burr holes were made to allow for the insertion of tissue oxygen or laser Doppler 
probes and recording or stimulating electrodes. Hemodynamic and neuronal data were acquired 
in cortical (barrel cortex) and subcortical structures under baseline and stimulation conditions, 
before and after the administration of 5-HT modulating drugs (or control substances), including 
agents in clinical use. Findings indicate a complex set of effects of serotonergic manipulations 
upon neurovascular function that depend upon not just specific receptor targets but also upon 
input pathways to the neuronal circuit under investigation. For instance, increasing serotonin 
release by intravenous administration of fenfluramine appeared to have minimal effects upon 
sensory (whisker) stimulation evoked changes in hemodynamics but more substantial effects 
upon direct cortical stimulation evoked CBF changes, suggesting an interaction of 5-HT 
modulation and neuronal pathway. Alterations in neurovascular coupling by changes in the 
function of the 5-HT system may have important implications for the application of functional 
MRI to investigate drug action. cognitive function, or disease mechanisms that involve 5-HT 
systems in both humans and animal research models. 
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Abstract: Neuroinflammation is currently defined as any chronic or acute inflammatory process 
within the central nervous system and is a ubiquitous characteristic of many neurodegenerative 
diseases including Alzheimer’s disease. The precise relationship between inflammatory 
processes and disease progression is complex and far from understood, but evidence from both 
animal and human studies suggests that in many cases inflammation may play in important role 
in the developing neuropathology. Inflammatory processes are mediated by the cells of the 
extended neurovascular unit, which includes neurons, astrocytes, pericytes, microglia and brain 
vascular cells. The neurovascular unit is simultaneously the substrate for the precise regulation of 
brain blood flow in accordance with local tissue requirements (neurovascular coupling). An 
important question therefore is whether and how the effects of inflammation on neurovascular 
unit function impact upon neurovascular coupling. Furthermore, it is important to determine how 
changes that occur at the cellular level in inflammation, for instance activation of glial cells, 
impact upon blood flow regulation in-vivo. To investigate this, we used an induced acute 
inflammation rodent model in which cerebral blood flow (CBF), neuronal activity and 
haemoglobin oxygenation and concentration were measured across a range of sensory 
stimulation parameters in order to quantify effects of inflammation on haemodynamic and 
neurovascular coupling measurements. In anaesthetised animals, a thin cranial window was 
prepared over the left somatosensory barrel cortex to enable recording of CBF using laser 
speckle contrast imaging as well as haemoglobin oxygenation and concentration with optical 
imaging spectroscopy. A surface electrode was placed adjacent to the thin window for neuronal 
activity recording. Data were acquired at two time intervals post lipopolysaccharide (LPS) or 
vehicle (saline) administration (2mg/kg i.p). Animal’s brains were subsequently perfused and 



extracted for immunohistochemistry to observe and quantify NVU and blood brain barrier 
changes including microglia, astrocytes, pericytes and ICAM-1/CD54 expression. This research 
has implications for understanding whether the effects of inflammation upon neurovascular 
coupling may constitute an early stage disease biomarker and/or a possible therapeutic target. 
Findings will also have implications for the interpretation of fMRI signals acquired from patients 
with neuroinflammation, where neurovascular coupling may be altered. 
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Abstract: Hemodynamic signals are widely used to infer neural activity in functional brain 
imaging techniques, such as fMRI. Previous work (Huo, Smith and Drew, J. Neurosci., 2014) 
has shown that neural activity in the frontal cortex increases without corresponding changes in 
hemodynamic signals during locomotion, and we sought to understand the mechanism of this 
decoupling of neural activity from hemodynamic changes. Here, we investigated the effects of 
acute pharmacological manipulation of the serotonergic (5-HT) or noradrenergic systems on 



neurovascular coupling by measuring neuronal and hemodynamic responses to voluntary 
locomotion in awake, head-fixed mice. Intrinsic optical signal imaging was used to measure 
cerebral blood volume (CBV) changes of frontal, visual, and somatosensory cortices through a 
polished thin-skull window, while neural activity (electrocortogram) was measured in the 
contralateral cortex concurrently. In a separate group of mice, local field potential and multiunit 
activity were measured in the frontal cortex and/or forelimb/hindlimb (FL/HL) representation in 
somatosensory cortex. Both neural activity and hemodynamic signals were collected before and 
after systemic administration of antagonists of 5-HT (trazodone), α1- (prazosin), α2-
adrenoceptors (atipamezole), and vehicle controls. Compared to vehicle controls, neuronal 
responses to locomotion were not changed, CBV responses to locomotion were increased by 
both trazodone and prazosin in the frontal cortex and the FL/HL representation, and decreased by 
atipamezole in the FL/HL representation. These results suggest that in addition to local 
vasodilatory signals released from neurons and astrocytes, changes in neuromodulatory tone play 
an important vasoconstrictory role in shaping hemodynamic signals during behavior. 
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Abstract: In the adult somatosensory cortex, voluntary locomotion drives large increase in blood 
volume and blood flow (Huo, Smith, Drew, J. Neurosci., 2014). As neurovascular coupling can 
be weaker or inverted in the week or two following eye opening in rodents (Kozberg et al, 2013, 
PNAS), we sought to understand how neurovascular coupling in juvenile mice might be affected 
by behavior. Using two-photon microscopy, intrinsic optical signal (IOS) imaging and 
multielectrode arrays in awake mice, we found that neurovascular coupling under goes a 
behavioral-state dependent transformation during postnatal development. Stimulation of the 
vibrissae in the awake mouse caused biphasic (initial dilation followed by a constriction) 
hemodynamic response in juvenile mice that became adult-like within two weeks of eye-
opening. Surprisingly, and in contrast to adults, voluntary locomotion drove a pronounced 
constriction and decrease in cerebral blood volume (CBV) in juvenile mice. Electrophysiological 
recordings show increases in spike rates and in the gamma band power of the field potentials 
power in the gamma band of the field potentials during locomotion in the somatosensory cortex, 
indicating inverted neurovascular coupling. This work suggests that state- and age-dependent 
changes in neurovascular coupling need to be taken into account in the interpretation of 
hemodynamic signals in the developing brain, but also provide insight into what signals might be 
integrated into the local hemodynamic response beyond local neural activity. 
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Abstract: Neurovascular coupling is classically thought to be mediated by annular smooth 
muscle cells around arterioles. Capillaries, in contrast, are traditionally considered to be non-
contractile. However, vascular mural cells which extend processes along and around small (4µm) 
vessels also regulate blood flow (1, 2). These cells are classically considered to be pericytes, and 
the vessels they lie on capillaries. Recently, however, it has been suggested that these contractile 
cells are smooth muscle cells, despite their gross difference in morphology from arteriolar 
smooth muscle, and their position on small vessels (2). We investigated where, along the 
arteriole-capillary axis, different vascular functions transition from “arteriole-like” to “capillary-
like”. 
We used genetic and immunohistochemical labelling for markers of different cerebrovascular 
functions, to relate vascular function to morphology of vascular mural cells and their position in 
the vascular tree. Slices of adult NG2-DsRed mouse forebrain were labelled with antibodies or 
fluorescent dyes against PDGFRβ, α-SMA, nestin, GLUT-1 and elastin. For each protein, the 
point of transition in labelling (if any) along the arteriole-capillary axis was compared with 
branching order, vessel diameter and mural cell inter-soma distance (an indicator of vascular 
mural cell morphology).  
There was a gradual transition of functions between arterioles and capillaries. Unlike the 
classical view, nutrient transport and BBB regulation is supported throughout the vascular tree, 
as shown by expression of the glucose transporter GLUT-1 and BBB-regulator PDGFRβ 
throughout the cerebrovasculature. Contractile function gradually changes across the vascular 
bed, with α-SMA being expressed further along the vascular tree than elastin, an arteriole 
marker. Finally, angiogenic potential, as indicated by expression of nestin, a marker of 
proliferative potential, is expressed in the capillary bed, in vessels that also express alpha-SMA 
and are significantly smaller than those expressing elastin. 
Appreciating the heterogeneity of functions along the vascular tree will be crucial for 
understanding how the cerebrovasculature functions in health and disease. 
1.Hall CN, Reynell C, Gesslein B, Hamilton NB, Mishra A, Sutherland BA, et al. Capillary 
pericytes regulate cerebral blood flow in health and disease. Nature. 2014 Apr 3;508(7494):55-
60. 
2.Hill RA, Tong L, Yuan P, Murikinati S, Gupta S, Grutzendler J. Regional Blood Flow in the 
Normal and Ischemic Brain Is Controlled by Arteriolar Smooth Muscle Cell Contractility and 
Not by Capillary Pericytes. Neuron. 2015 Jul 1;87(1):95-110. 
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Abstract: Regulation of cerebral blood flow (CBF) is critical for normal brain function, and 
insufficient CBF may contribute to cognitive impairments in neurological conditions such as 
dementia. Though the regulation of CBF is complex and multifaceted, acidosis, such as that 
induced by carbon dioxide (CO2), is a strong regulator of CBF. Nitric oxide (NO) production is 
thought to be critical for CO2-induced vasodilation; however, the mechanisms by which CO2 
influences NO production remain unclear. Acid-sensing ion channel-1A (ASIC1A) is a proton-
gated cation channel that is activated by extracellular acidosis. Previous work has implicated 
ASIC1A in the amygdala and bed nucleus of the stria terminalis in CO2- and acid-evoked 
behavior. Thus, we hypothesized that ASIC1A might also contribute to the microvascular 
response to CO2 and acidosis. To test this hypothesis we genetically and pharmacologically 
manipulated ASIC1A in mice and assessed the effects on CO2-induced vasodilation. We found 
that the effect of CO2 on vessel diameter was greatly attenuated in Asic1a-/- mice and in mice 
treated with the ASIC inhibitor, psalmotoxin. These manipulations did not alter the vasodilatory 
effects of acetylcholine, suggesting that endothelial NO production was unaffected, and further 
suggesting a neuronal source of NO. Thus, we hypothesized that neurons might be the site of 
ASIC1A action in the microvascular response to CO2 and we generated mice in which Asic1a is 
specifically disrupted in neurons. We found that the effect of CO2 on vessel diameter was also 
attenuated in these mice. To further explore a role for ASIC1A in the regulation of NO 
production, we measured NO concentrations in whole brain lysates immediately after exposure 
to CO2. We found that 10% CO2 induced NO production in wild-type mice, but not in mice 
lacking Asic1a globally or specifically in neurons. Together, these data are consistent with a 



model wherein activation of neuronal ASIC1A by hypercarbic acidosis is critical for CO2-
induced vasodilation and NO production. These studies raise the possibility that ASIC1A may 
play a critical role in regulating CBF in response to other sources of acidosis, including neuronal 
activity, metabolism, and pathophysiologic conditions such as seizure and ischemic stroke. 
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Abstract: Brief neural activation creates a hemodynamic response function (HRF), a stereotypic 
manifestation of neurovascular coupling. A recent theory (Kim & Ress, Neuroimage, 2016) 
predicts that the HRF is created by a combination of flow and cerebral oxygen metabolism 
(CMRO2). Here, we used arterial spin-labeling (ASL) to measure both the HRF and flow, then 
used our model to obtain estimates of the CMRO2 time course. Methods: Subjects (N = 4) view 
a 2-s duration audiovisual stimulus while performing a speeded task. Stimuli were separated by a 
30-s interstimulus interval, and repeated 16 times per run for 5 runs to create a total of 80 
measurements per session. Combined flow and HRF data were obtained using a pseudo-
continuous ASL sequence on a Siemens 3T scanner with 2-mm voxels and TR = 3 s on 13 quasi-
axial slices. Stimulus presentations were jittered to increase temporal sampling to 1.5 s. The flow 
and HRF data were transformed into a high-resolution (0.7-mm) reference anatomy so that they 
could be averaged within visual areas V1—3, predefined for each subject. The model was then 
used to estimate CMRO2 time course from the data assuming a gamma-function temporal form. 
Results: All subjects show a significant flow undershoot (Figure), and some show a more 



complex oscillatory return to baseline. Standard errors were <5% of peak amplitude for all 
measurements. Flow response peaks ~4 s earlier than the BOLD HRF. Most CMRO2 estimates 
are prompt, but 2—4 measurements show a slow return to baseline. Discussion: The flow 
induced by brief stimulation has a strong undershoot and complex late time behavior consistent 
with underdamped oscillation. HRF responses are substantially delayed from the flow response, 
consistent with convective time delays as the flow propagates into downstream venous 
microvasculature that dominates BOLD contrast. The estimated CMRO2 time course suggests 
that metabolism usually returns to baseline fairly rapidly, but metabolism can sometimes persist 
long after the activation. 

 

Disclosures:  D. Ress: None. J. Kim: None. 

Poster 

729. Neurovascular and Metabolic Coupling: Normal Brain and Stroke 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 729.14/AAA16 

Topic: F.06. Brain Blood Flow, Metabolism, and Homeostasis 



Support: 09SDG2060701 

 NS37853 

Title: Obligatory role of EP-1 receptors in the increases in cerebral blood flow produced by 
hypercapnia in the mouse brain microcirculation. 

Authors: *K. UEKAWA, P. ZHOU, N. BRUNIER, Y. HATTORI, C. IADECOLA, L. PARK;  
Feil Family Brain & Mind Reseach Inst., Weill Cornell Med. Col., New York, NY 

Abstract: Hypercapnia is a potent vasodilator stimulus in the cerebral circulation. Although it 
has long been known that prostanoids participate in the cerebrovascular effects of hypercapnia 
(JCBFM, 14:175-192, 1994), the role of prostaglandin E2 (PGE2) and PGE2 receptors have not 
been fully investigated. We sought to determine whether cyclooxygenase-1 (COX-1)-derived 
PGE2 and EP1 receptors are involved in the cerebrovascular response induced by hypercapnia. 
Male EP1-/- mice and wild type (WT) littermates (age 3-4 months; n=5/group) were anesthetized 
with urethane-chloralose and equipped with a cranial window overlying the somatosensory 
cortex. Cerebral blood flow (CBF) was recorded by laser-Doppler flowmetry with controlled 
blood pressure and physiological variables. In WT mice, neocortical superfusion of the EP1 
receptor antagonist SC-51089 (10 µM) attenuated the increase in CBF elicited by systemic 
hypercapnia (pCO2=50-60 mmHg) by 41% (CBF increase: vehicle, 69±5%; SC-51089, 41±3%; 
p<0.05). SC-51089 also attenuated the increase in CBF produced by neocortical application of 
arachidonic acid (AA: 10µM) (AA, 21±5%; AA+SC51089, 9±3%; -56%; p<0.05) and PGE2 (5 
µM) (PGE2, 16±2%; PGE2+SC51089, 9±2%; -38%; p<0.05). These responses were also 
attenuated in EP1-/- mice. In contrast, in WT mice treated with SC-51089 or in EP1-/- mice the 
CBF increase elicited by neocortical application of the endothelium-dependent vasodilator 
acetylcholine (ACh: WT, 24±2%; WT+SC-51089, 23±2%; EP1-/-, 23±2%; p>0.05) or the 
smooth muscle relaxant adenosine (WT, 33±2%; WT+SC-51089, 31±1%; EP1-/-, 31±2%; 
p>0.05) were not affected. Similarly, the CBF increase evoked by whisker stimulation 
(functional hyperemia) (WS: WT, 24±1%; WT+SC-51089, 23±1%; EP1-/-, 24±2%; p>0.05) was 
not attenuated. In WT mice, the COX-1 inhibitor SC-560 (25µM), but not the COX-2 inhibitor 
NS-398 (100 µM), attenuated the hypercapnic CBF increase by 50% (vehicle, 62±5%; SC-560, 
31±5%; p<0.05). Neocortical application of PGE2 (1 µM) did not affect resting CBF (p>0.05), 
but counteracted the attenuation of the hypercapnic response induced by SC-560 (SC-560, 
44±4%; SC-560+PGE2, 66±6%; p<0.05). In contrast, exogenous PGE2 did not rescue the 
attenuation induced by SC-51089 (SC-51089, 39±4%; SC-51089+PGE2, 43±5%; p>0.05), 
attesting to the obligatory role of EP1 receptors in the response. The findings indicate that the 
hypercapnic vasodilatation depends on COX-1-derived PGE2 acting on EP-1 receptors and 
highlight the critical role that COX-1 derived prostanoids and EP1 receptors play in the 
regulation of the cerebral circulation. 
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Abstract: Regulation of blood flow and oxygen delivery in the brain is essential for survival. In 
a normal physiological state the cerebral blood flow (CBF) stays very constant due to persistent 
adjustment of vascular resistance according to blood pressure. Imaging of CBF has clinical 
relevance as functional abnormalities can signal pathophysiological changes e.g. stroke and 
neurodegenerative diseases. In this study methods to measure CBF in rodent models are 
presented. Single photon emission computed tomography (SPECT) imaging after intravenous 
injection of 99mTc-exametazime (99mTc-HMPAO) is a conventional method to asses CBF in vivo. 
It has been shown to correlate strongly with regional brain perfusion and is used in clinical 
nuclear imaging to detect stroke and other cerebrovascular diseases. Arterial spin labeling allows 
capturing of brain perfusion with magnetic resonance imaging (MRI). It is a noninvasive method 
where protons in arterial blood are magnetically labeled and subsequently imaged in the region 
of interest. Therefore, no injection of contrast agent is needed to obtain information about 
cerebral perfusion. Arterial spin labeling MRI sequences are increasingly being used in clinical 
imaging to provide quantification of CBF. Although 99mTc-HMPAO-SPECT and arterial spin 
labeling MRI techniques are translational between clinical and pre-clinical studies, differences 
arise in the required use of anesthesia. One of the major challenges to study neurological 
function in rodents is due to use of restriction, anesthesia or paralyzing agents. All of these 
methods have impact to brain perfusion e.g. altering the vasoconstriction and blood pressure. To 
study immediate neuronal effect, delivery of radiotracer that reaches a cerebral equilibrium in a 
short time frame will allow imaging with great temporal resolution. 14C-iodoantipyrine has 
shown a strict linear proportionality between tissue radioactivity and CBF when the data is 
captured within a brief interval after the tracer injection. As an case example to study CBF 
without restrain or anesthesia in mice, the animals were cannulated in jugularis vein week prior 
to administration of radiotracer. Tracer was injected trough cannula connected to a tether, 
followed by immediate dosing of euthanizing solution. Brains were collected and quantified 
using autoradiography. Alterations in CBF between studied brain regions were quantified. As a 
summary, several translational approaches can be applied in rodent models to monitor CBF 
alterations associated to disease progression or drug effect. 
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Abstract: Morus alba L., or mulberry, has traditionally been known to induce antibacterial, 
antioxidant, and hypolipidemic effects. Recent evidence suggests that an extract of Morus alba 
L. decreases the high blood pressure in diabetic rats. It is unknown whether a Morus alba L. 
extract affects the contraction of vascular smooth muscle. In this study, the aqueous and 
ethanolic extracts of Morus alba L. fruit were evaluated for vasorelaxation of the rat aorta. The 
endothelium-intact aortic smooth muscle was isolated from 10-week-old Sprague-Dawley rats 
and its contractile force was measured on a tension transducer. The intactness of the endothelium 
was confirmed by acetylcholine-induced relaxation. The ethanolic extract (with 40% ethanol) of 
Morus alba L. contained a higher level of cyanidin-3-glucoside than the aqueous extract: 1994 ± 
93 mg/100 g and 1746 ± 98 mg/100 g, respectively. To assay the vasorelaxant effect of Morus 
alba L. extracts, the aortic rings were first contracted by serotonin (5-HT), high K+ (70 mM) and 
norepinephrine (NE) and then the Morus alba L. extracts were applied. The aqueous extracts of 
Morus alba L. did not induce vasorelaxation of aortic rings that were pre-contracted by 5-HT, 
high K+ and NE. However, the ethanolic extracts caused vasorelaxation of aortic rings that were 
pre-contracted by 5-HT or high K+, but not NE. This study demonstrates that an extract of Morus 
alba L. fruit might act as a vasorelaxant for the aortic smooth muscle. The lack of the effect on 
NE-treated aorta implies that the vasorelaxation effect of Morus alba L. might be mediated by 
specific signaling cascades, e.g., related to 5-HT or high K+. The identity of the active 
ingredient(s) and the underlying mechanisms need to be further determined. 
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Abstract: Background: Vascular inflammation is thought to play an important role in 
intracranial aneurysm (IA) formation and rupture. Recent studies have shown potential bacterial 
etiology behind this inflammation. Dental and respiratory microbial DNA has been discovered in 
unruptured and ruptured aneurysms from patients with no clinically diagnosable infection. 
However, more comprehensive analyses are required before this interaction can be understood. 
To this end, we explored the possibility that IA progression is related to indolent, subclinical 
infection of the aneurysm dome by microorganisms originating from commensal or pathogenic 
populations existing elsewhere in the host. Methods: IA dome samples were collected surgically 
from patients undergoing IA clippings (7 of each stable, growing and ruptured). Total genomic 
DNA was extracted from each sample for analysis using the Ibis T5000 Biosensor, allowing for 
species-specific identification of the microorganisms present. Positive biosensor results were 
confirmed through sequencing using an Illumina MySeq. Microbial population results were 
pooled for each sample type and compared amongst each other. Further, pooled results were 
compared against known commensal and pathogenic populations from elsewhere in the body to 
deduce the likely source of the organisms. Results and Discussion: Populations of commensal 
organisms were found associated with stable, growing and ruptured aneurysm tested. While 
results pertaining to microbial etiology of IA progression remain inconclusive, we have 
successfully provided a metagenomic catalogue of organisms that may be associated with IAs 
along with their likely point of origin. 
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Title: Effect of stilbenoid polyphenols on aberrant cerebral artery morphology and mechanics in 
the spontaneously hypertensive heart-failure (SHHF) rat 
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Abstract: Hypertension is an important risk factor for cognitive decline and dementia. Further 
adding risk of heart failure per se then cumulatively increases the possibility of cognitive decline 
and promotes progression to bona fide dementia. This may be due, at least in part, to altered 
morphology and mechanical properties of cerebral arteries and arterioles. We hypothesized that 
hypertension combined with added risk of heart failure (as found in the SHHF rat) confer 
morphological and mechanical aberrations in middle cerebral arteries. Resveratrol (trans-3,5,4’-
trihydroxystilbene) is a stilbenoid polyphenol that is purportedly linked to improved longevity, 
cardiovascular health, and benefits in Alzheimer’s disease. Although resveratrol is well-tolerated 
in humans, it is readily metabolized and exhibits low bioavailability. Thus, we also queried 
whether resveratrol analogues would exert greater vasculoprotective effects. Sprague-Dawley 
(SD) and SHHF rats (n=8) were treated for 8 weeks by gavage with vehicle control (C) or low 
doses (2.5 mg/kg/d) of resveratrol (R), pterostilbene (P), and gnetol (G). Blood pressure (BP) 
was measured by tail-cuff plethysmography. Vascular geometry and mechanical properties of 
isolated middle cerebral arteries were measured by pressure myography. Systolic BP increased in 
the SHHF rat (196±3 mm Hg vs. SD 142±7 mm Hg, p<0.01), and was unaffected by stilbenoid 
treatment. SHHF arteries exhibited increased media-to-lumen ratios (15.9±2.4 vs. SD 9.0±0.5, 
p<0.05), and were associated with remodelling and growth indices of 58% and 44%, 
respectively. All three stilbenoids reduced media-to-lumen ratios (SHHF-R 12.3±1.7, SHHF-P 
12.8±1.1, SHHF-G 13.2±1.6, p<0.01). Wall component stiffness (i.e. slope of elastic modulus 
vs. stress) was augmented in SHHF (18.2±2.9 vs. SD 6.1±0.9, p<0.01), and was attenuated in 
part by resveratrol and gnetol (SHHF-R 11.8±1.1, SHHF-G 11.5±1.0, p<0.05 vs. SD and p<0.01 
vs. SHHF-C) and completely by pterostilbene (SHHF-P 9.4±1.1, not significant vs. SD and 
p<0.0001 vs. SHHF-C). In summary, SHHF middle cerebral arteries exhibited a combination of 



eutrophic and hypertrophic remodeling. Stilbenoids improved vascular morphology and 
geometry-independent stiffness independently of blood pressure lowering, suggesting direct 
actions on the arterial wall. The ability of pterostilbene to entirely normalize wall component 
stiffness may be related to its reported superior bioavailability. We conclude that further research 
is warranted on stilbenoid polyphenols as an adjunct to current cardiovascular treatment 
regimens that might reduce the risk of cognitive decline. 

Disclosures:  C. Acosta: None. H. Anderson: None. D. Lee: None. C. Anderson: None. 

Poster 

729. Neurovascular and Metabolic Coupling: Normal Brain and Stroke 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 729.19/AAA21 

Topic: C.08.Stroke 

Title: Individual patterns of cognitive impairment after transient ischemic attack 

Authors: *L. E. SIMMATIS1, S. H. SCOTT1, A. Y. JIN2;  
1Ctr. For Neurosci. Studies, 2Med., Queen's Univ., Kingston, ON, Canada 

Abstract: Transient ischaemic attack (TIA) is a major indicator of impending stroke risk. There 
is evidence that TIA patients display chronic impairment which may persist for days to months 
after the event. The underlying cognitive and motor deficits which contribute to this chronic 
impairment have not been elucidated. We assessed a group of 23 TIA patients using both 
subjective clinical scoring systems and quantitative tools. We administered the Purdue pegboard 
test (PPB) to test fine motor control, the Chedoke-McMaster Stroke Assessment (CMSA) to 
determine gross motor impairment stage, the Behavioural Inattention Test (BIT) to test visual 
neglect, and the Montreal Cognitive Assessment test (MoCA) to detect mild cognitive 
impairment. We then performed kinematic analysis using the bimanual KINARM robot, which 
has been previously validated as a reliable tool for studying stroke patients. The battery of 8 
KINARM tasks that we used spanned motor, sensory, and cognitive functional domains. We 
normalized all kinematic data to a healthy control population of over 100 individuals correcting 
for the influence of age, gender, and handedness in order to derive Z-scores for both parameter-
level and task-level performance. 
BIT, PPB and MoCA identified a few TIA subjects as impaired (n=5, 5, and 6) and CMSA 
scores deviated from the ideal healthy range for several subjects (n=8 patients with a score of 5 
in at least one component). The robot-based analysis found that motor and sensory tasks were 
less impacted than cognitive ones. The ability to complete simple motor tasks involving reaching 
and object hitting was affected in some patients (n=3), as was proprioceptive upper limb sense 



(n=5). However, 39% and 30% of our cohort were impaired in spatial working memory and 
visuomotor integration. There was a broad range of different patterns of impairments across 
subjects. These results demonstrate that TIA patients show individual patterns of impairment 
which tend to be biased towards the cognitive domain. Furthermore, cognitive impairments were 
not detected using traditional clinical assessment tools. This is possibly due to a lack of 
sensitivity of these tools to the types of mild impairment which are present after a TIA. This 
work highlights the need for individual consideration of TIA patients on a case-by-case basis and 
the need for awareness of ‘silent’ symptoms which may not be readily detectable in the clinic, 
but may provide functional difficulties at later time points after the event. 

Disclosures:  L.E. Simmatis: None. S.H. Scott: E. Ownership Interest (stock, stock options, 
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Title: White matter hyperintensities in neurologically intact aging individuals impact arm 
function 
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Abstract: Introduction: White matter hyperintensities (WMH) are frequent in aging individuals 
and are known to affect cognition, balance, and gait. However, the affects of WMHs on upper-
limb performance are unknown. 
Methods: The KINARM robot was used for 4 upper-limb assessments. 1) Visually Guided 
Reaching: participants moved as quickly as possible to a target. 2) Arm Matching: the robot 
moved participants’ hand to a target positions and the participant had to mirror match the 
location with the opposite hand. 3) Object-Hit: participants hit virtual balls moving towards them 
with virtual paddles attached to each hand. 4) Object-Hit and Avoid: cognitive demand of the 
Object-Hit task was increased, by requiring participants to hit two target shapes while avoiding 



all others. Semi-automatic volumetric assessment of covert lesions was completed with magnetic 
resonance imaging (MRI). 
Results: We assessed 26 normally aging individuals (range: 43-80; mean ± SD: 61.48 ± 9.88). 
Accuracy of visually guided reaching did not relate to the volume of WMHs (p ≥ 0.117), but 
higher WMH volume related to increased movement time for dominant and non-dominant arms 
(r = 0.542, 0.479; p ≤ 0.018). Arm Matching and Object-Hit performance did not relate to WMH 
volume (p > 0.05). However, on Object-Hit and Avoid, WMH volume correlated with median 
error (r = -0.574), hand bias of hits (r = 0.564), and hand transition (r = -0.530; p ≤ 0.008). 
Conclusion: Individuals with more WMHs took longer to complete target reaching, however, this 
did not affect accuracy. When difficulty and cognitive demand increased WMHs significantly 
impaired performance. Specifically, on a bimanual task, individuals with higher levels of WMH 
shifted limb-use to favor the dominant limb, with a resulting decrement in performance. These 
findings suggest an important link between WMHs and attenuated motor performance in 
normally aging individuals. 

Disclosures:  A.M. Auriat: None. J.K. Ferris: None. S.E. Black: None. L.A. Boyd: None. 

Poster 

729. Neurovascular and Metabolic Coupling: Normal Brain and Stroke 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 729.21/AAA23 

Topic: C.08.Stroke 

Support: NIH Grant R01 NS078026 

 NIH Grant R01 AT0073171 

 AHA Grant 12GRNT15730001 

 AHA Grant 14POST20140003 

Title: 20-HETE inhibition protects against intracerebral hemorrhage injury 
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Abstract: Background and Purpose: Intracerebral hemorrhage (ICH) accounts for 15% of all 
strokes. Previous studies have revealed that 20-HETE, a metabolite of arachidonic acid 



synthesized by cytochrome P450 4A, plays an important role in ischemic stroke injury and 
subarachnoid hemorrhage. However, little is known about the role of 20-HETE after ICH. In this 
study, we examined the hypotheses that 20-HETE inhibition has a protective effect after 
collagenase-induced ICH injury and that it affects angiogenesis. Methods: To investigate the 
protective effect of 20-HETE synthesis inhibitor N-hydroxy-N’-(4-butyl-2-methylphenyl)-
formamidine (HET0016) after ICH, we exposed hippocampal slice cultures to hemoglobin (10 
µM) and induced ICH in mice by intrastriatal collagenase injection. Hemoglobin-induced 
neuronal death was assessed by propidium iodide (PI) after 18 hours in vitro. Lesion volume, 
neurologic deficits, cell death, reactive oxygen species (ROS) production, neuroinflammation, 
and angiogenesis were evaluated in mice at different time points after ICH. Results: In cultured 
mouse hippocampal slices, 5, 14-HEDGE, a 20-HETE mimetic, exacerbated hemoglobin-
induced neuronal cytotoxicity in the CA1 area, whereas HET0016 treatment attenuated 
hemoglobin-induced neuronal damage and decreased levels of proinflammatory cytokines and 
reactive nitrogen species (n=25 slices/group, p<0.05). In vivo, HET0016 treatment reduced brain 
lesion volume and neurologic deficits, and decreased neural death, ROS production, matrix 
metalloproteinase gelatinolytic activity, and the inflammatory response at 3 days after ICH 
(n=8/group, p<0.05). Src kinase phosphorylation was increased after ICH and decreased by 
HET0016 treatment (n=8/group, p<0.01). However, HET0016 did not affect angiogenesis, as 
assessed by VEGF, VEGFR2, and CD31 levels on day 28 after ICH (n=6/group). Conclusion: 
These findings suggest that 20-HETE plays an important role in ICH-induced brain damage. 
Modulating the 20-HETE signaling pathway may provide a viable means to mitigate ICH 
impairment without angiogenesis inhibition. 
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Title: Controlling oxidative stress promotes functional recovery after TBI 



Authors: *R. VEMUGANTI1, S. MEHTA1, T. KIM1, R. CHANDRAN1, E. UDHO2, P. 
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Abstract: The secondary neuronal death is a known proponent of long-term neurological 
dysfunction following traumatic brain injury (TBI). Oxidative stress after TBI kills neurons if 
uncontrolled. Paradoxically, pathways that promote as well as fight the oxidative stress are 
induced concurrently after TBI. NADPH oxidase subunit NOX2 promotes formation of reactive 
oxygen species that kills neurons. On contrary, activation of transcription factor Nrf2 promotes 
the expression of down-stream neuroprotective genes including anti-oxidant enzymes and protein 
chaperones. We currently evaluated if inhibiting the pro-oxidant NOX2 and/or potentiating the 
anti-oxidant Nrf2 individually or in combination decreases the motor and cognitive deficits and 
secondary cortical contusion after TBI. Controlled cortical impact-induced TBI (mild to 
moderate) in adult mice significantly induced the expression of both NOX2 and Nrf2 in the 
ipsilateral cerebral cortex at 6h and 24h after injury. Cohorts of mice subjected to TBI were 
treated with either an inhibitor of NOX2 (apocynin; 10 mg/kg) or an activator of Nrf2 (TBHQ; 
25 mg/kg) or both or vehicle. We tested the drug administration at 2 time schedules (each drug 
given twice; either at 5 min and 24h or at 2h and 24h after TBI). Mice were subjected to motor 
testing (rotarod test and beam walk test) between days 1 and 7 and Morris water maze test 
between days 26 to 30 after TBI. Treatment with either apocynin or TBHQ alone significantly 
improved the motor function after TBI compared to vehicle control. The drug treated mice 
stayed longer on rotarod and made fewer foot faults in beam walk test. The combination therapy 
also significantly improved the post-TBI motor function recovery compared to vehicle control, 
but there was no additive effect of the 2 drugs. The mice treated with the combination of 
apocynin and TBHQ also performed better in the Morris Water maze test. Animals in the drug 
groups spent significantly greater time with higher frequency in the platform quadrant as 
compared to vehicle group. All mice were sacrificed and the secondary cortical contusion was 
estimated using the serial brain sections stained with Cresyl violet. The cortical contusion 
volume was not different in either apocynin or TBHQ alone groups compared to the vehicle 
control group. However, the combo therapy (apocynin+ TBHQ) given either at 5 min/24h or 
2h/24h led to a significantly smaller cortical contusion volume compared to vehicle control 
group. Thus, these studies show that controlling oxidative stress is a potential therapy to 
minimize post-TBI motor and cognitive deficits and secondary brain damage. Funded by NIH. 
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Abstract: The red blood cells (RBC) and their hemolytic products (including hemoglobin, 
heme, and iron) which represent main components of brain hematoma after intracerebral 
hemorrhage (ICH), trigger a series of adverse biochemical events leading to secondary brain 
injury and neurological deficits. The efficient removal of the hematoma components is necessary 
for achieving inflammation resolution and functional recovery. The inducible heme-oxygenase 
(HO-1) is a key rate-limiting enzyme that catabolizes heme into iron, carbon monoxide, and 
biliverbin. The present study investigated the spatial and temporal expression of HO-1, as well as 
its possible function in the hematoma absorption. We found that HO-1 after ICH was 
upregulated around the hematoma area starting from 6h, reaching the maximum level at 3 - 
7days, and persisting for at least 10 days after ICH. HO-1 immunohistochemistry shows that the 
most HO-1-positive cells are CD68-positive microglia/macrophages (MΦ). To explore the 
pathophysiological role of HO-1 after ICH, a competitive HO inhibitor, tin-protoporphyrin IX 
(SnPP, 7.5 mg/kg), was injected, ip, twice a day, for 7 days. SnPP significantly delayed 
hematoma clearance by 27.8% and significantly impaired the functional recovery as measured at 
day 7 after ICH. Histological analyses showed that there are more TUNEL-positive neurons at 
the hematoma-affected brain tissue in SnPP-treated brains. In addition, we isolated and cultured 
the rat brain microglia (MΦ). Upon exposing to RBC, MΦ phagocytize/digest the RBC, and HO-
1 is induced during this process. Co-incubating 10 µM SnPP with RBC significantly delayed 
RBC internalization by MΦ. Subjecting primary rat brain neuron-microglia co-cultures to RBC 
and mild (sublethal) oxygen-deprivation (an ICH-like injury) caused neuronal damage, as 
measured by neurofilament degradation. Adding SnPP further aggravated the neuronal death. We 
postulate that HO-1 is important for MΦ-mediated brain hematoma clearance after ICH. 
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Abstract: BACKGROUND AND OBJECTIVE: 
Growing evidence supports epigenetic regulation in the pathogenesis and recovery of stroke. 
Histone deacetylases (HDACs) inhibition has been shown to confer anti-inflammatory and 
neuroprotective effects. C. nutans is a folk medicine in Southern Asia for infection, 
inflammation, cancer, and Diabetes treatment. But, there is no data in treating ischemic stroke 
yet. In this study, we aimed to investigate whether C. nutans protects brain against ischemic 
insult via HDAC inhibition. 
METHODS: 
To investigate the protective effects of C. nutans against stroke. Primary cortical neurons were 
subjected to oxygen/glucose deprivation-reoxygenation (H-R) in vitro hypoxic model. MTT 
assay was used to detect cell viability. Flowcytometry was used to monitor mitochondrial 
membrane potential (MMP), apoptosis. Reporter assay was used to detect the transcriptional 
activity of HDAC1/6. RT/PCR and Western blot were used to detect HDACs mRNA and protein 
expression. For in vivo study, rats were subjected to 3-vessel occlusion (MCAO)/reperfusion. 
Neurological deficit scores and infarct volumes were used to evaluate functional and cellular 
damage. 
RESULTS: 
In vitro: An early induction of HDAC1/2/3/6/8 was noted in neurons after OGD insult. C. nutans 
extract selectively inhibited HDAC1 and HDAC6 expression, increased cell viability, maintained 
MMP and attenuated neuronal apoptosis compared to vehicle control at hypoxia 30mins and 1 
day reperfusion (H0.5R24). Moreover, C. nutans suppressed hypoxia-induced HDAC1 and 
HDAC6 transcription. Besides ameliorating neuronal death, C. nutans also protected astrocytes 
and endothelial cells from hypoxic-induced cell death. 
In vivo: C. nutans significantly reduced infarct brain volumes in rat subjected to 30-min ischemia 
and 1-day reperfusion. Furthermore, C. nutans improved motor functional recovery even after 2-
weeks reperfusion. 



CONCLUSIONS: 
In the present study we reported that C. nutans suppressed post-hypoxic HDACs activation and 
neuronal death and confers therapeutic potential for ischemic brain damage. This study further 
opens a new avenue for the use of herbal medicines to via epigenetic regulation control brain 
injury. 
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Abstract: Introduction: CADASIL (cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy) has variable presentations that mirror other neurological 
disorders. We offer 3 cases with different presentations in which CADASIL was a plausible 
diagnosis. 
Case Description:  
Case 1: 50yo African American woman with PMH of multiple sclerosis (MS) diagnosed 20 years 
ago, who complained of diplopia. She had been treated by multiple physicians for MS without 
improvement. She had a prior admission for acute hemorrhage to the right medial midbrain and 
pons and was discharged home with minimal sequelae. MRI identified multiple areas of 
hyperattenuation within the white matter which led to the suspicion of CADASIL. Genetic 
testing confirmed mutation in the NOTCH3 gene and she was treated symptomatically. 
Case 2: 48yo Caucasian male with PMH of alcohol dependence, depressive disorder and 
neurosyphilis was admitted for inappropriate behavior, AMS, ataxia, seizure and unexplained 
fall. His Hx of alcohol abuse led to the suspicion of Wernicke’s encephalopathy which was 
treated with thiamine. CTA of the neck showed malformation of vertebral arteries and MRA 
demonstrated fetal-type circulation. Family members were contacted and confirmed a positive 
family Hx of CADASIL. 
Case 3: 43yo Hispanic male with PMH of HTN, obesity, Hx of multiple suicide attempts and 
polysubstance abuse was admitted for AMS and right sided weakness. He was hypertensive at 



246/156mmHg with an NIHSS of 10. Brain CT showed multiple hypodensities within the left 
caudate nucleus, subcortical and deep white matter related to vessel ischemic changes; confirmed 
by MRI and MRA. Cerebral angiogram revealed bilateral segmental stenosis in the distal MCA, 
ACA and PCA branches consistent with vasculitis. Repeat MRI 15 days later, showed new 
punctate infarcts to the left cerebellum and right corona radiata. NOTCH3 genetic testing was 
unavailable, therefore, due to no prior family Hx of CADASIL, it was concluded that the 
etiology of multiple ischemic strokes was likely due to cerebral vasoconstriction and 
hypertensive urgency. Patient was treated with anti-hypertensive medication and discharged 
home. At outpatient follow-up 2 weeks later, MRI showed an acute infarct of the ventral pons 
and patient was subsequently readmitted. 
Discussion: CADASIL is a rare disease that has many manifestations. These cases demonstrate a 
few symptoms, which along with clinical evaluation and detailed history can guide the physician 
towards an accurate diagnosis. Nonetheless, mutation in the NOTCH3 gene and a positive family 
Hx of CADASIL are alone, confirmatory for the disease. 
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Abstract: Brain angiogenesis has been found to exert positive effect in long term recovery 
among ischemic stroke patients. Several attempts using proangiogenic factor, for instance 
VEGF165 in preclinical stroke experiments is by far encouraging. Despite being one of the most 
active proangiongenic factor, high concentration of VEGF165 was reported to induce vascular 
permeability. Several studies showed that heparan sulfate proteoglycan glycosaminoglycan 
(HSPG) plays important roles in modulating VEGF bioactivity. However the specific mechanism 
remains unresolved. Recent study indicated that HSPC provides high order control of VEGF 
receptors activation. Here, we have successfully isolated the heparan sulfate glycoprotein 



(HS7+ve) that binds to and enhances the bioactivity of VEGF165, selective to VEGF receptor 2 
(VEGFR) pathway. Our results indicated that HS7+ve complexed with VEGF165, significantly 
increased RBE4 cells proliferation. Furthermore, HS7+ve, when complexed with VEGF165, 
enhanced RBE4 cells tube formation and cell migration. The pro-angiogenic potential of HS7+ve 
was further confirmed by the activation of VEGFR2 pathway in which, HS7+ve activates 
pVEGFR2, pErk1/2 and pAkt. To access the HS7+ve effects on vascular permeability, RBE4 
cells were treated with oxygen glucose deprivation (OGD) and IL-1β, followed by the detection 
of the adherence and tight junction proteins. Finally the pro-angiogentic potential of HS7+ve was 
further assessed in an in vivo hemorrhagic model. Our current results demonstrate the potential 
beneficial effect of glycotherpeutic agents targeting at the augmentation of VEGF165 bioactivity 
against stroke. 
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Abstract: Unlike neurons in the peripheral nervous system, those in the brain and spinal cord are 
unable to regenerate damaged axons. As a result, injury or disease often leads to permanent 
motor and cognitive deficits. To address this problem, we have investigated the signaling 
pathways that promote cell survival and axon regeneration in the central nervous system (CNS) 
using the mouse retina and optic nerve as a model. We have recently shown that after a crush 
injury in the optic nerve, free zinc (Zn2+) levels rise significantly in retinal ganglion cells before 
dying (see poster by Li et al., this meeting). When Zn2+ is chelated at the time of crush, cell 



survival rates are approximately twice those of control retinas. Remarkably, and unlike most 
other interventions reported to date, this survival benefit is long lasting, and observed as late as 
12 weeks after injury. Since voltage-gated potassium channel (Kv) activation is known to 
underlie cell shrinkage during apoptotic cell death, we hypothesized that Kv might be involved 
in the zinc-mediated degeneration of retinal ganglion cells. We tested this hypothesis by injecting 
several different Kv inhibitors, alone or in combination with the zinc chelator ZX1, into the eye 
at the time of optic nerve crush. Agents were injected again four days later, and retinal ganglion 
cell survival and axon regeneration were quantified two weeks post-crush. We found that 
injecting a low dose of tetraethylammonium (TEA) mimicked and occluded the neuroprotective 
effect of zinc chelation, confirming that TEA-sensitive Kv share the zinc pathway with respect to 
cell survival. However, the same dose of TEA blocked the increase in regeneration caused by 
zinc chelation. At this dose (100 µM injected into the vitreous), TEA only targets members of the 
Kv1, Kv3, and Kv7 family. Therefore, we tested more specific peptide and small molecule 
inhibitors of these subfamilies to tease apart the contributions of the various channels to retinal 
ganglion cell survival and axon regeneration. We also looked at the amount and pattern of 
expression of specific channel types using immunohistochemistry with and without optic nerve 
crush. Ultimately, this work will help to illuminate the molecular mechanisms of zinc-mediated 
neurodegeneration in the retina and in the CNS and may provide new therapeutic avenues for 
treating neurodegenerative diseases of the eye and brain as well as traumatic CNS injury. 
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Abstract: In animal models of stroke, antioxidants potently protect against ischemic brain 
damage. However, for unclear reasons, the antioxidant treatments have shown little to no clinical 
benefits in human stroke. While exploring the basis for antioxidant efficacy, we recently found 
that the superoxide dismutase (SOD) mimetic tempol strongly reduced intraischemic release of 
the excitotoxic neurotransmitter glutamate (Glu), and this effect correlated with histological and 
behavioral neuroprotection [P. Dohare et al. FRBM 77: 168, 2014]. Antioxidants with other 
mechanisms of action did not modify pathological excitotoxin levels, suggesting a new Glu-
dependent mechanism for protection by SOD mimetics. Here, we explored the pathways that 
mediate the redox-sensitive Glu release in rodent transient focal ischemia. Pre-, intra-, and 
postischemic Glu levels were measured in the rat cortex, in ischemic penumbra using a 
microdialysis approach combined with 2-h occlusion of the middle cerebral artery. Several 
candidate release mechanisms were explored by delivering via microdialysis perfusate the 
following pharmacological inhibitors: dihydrokainate (to block the glial Glu transporter GLT-1), 
DCPIB (volume-regulated anion channels), 18α-glycyrrhetinic acid (connexin hemichannels), 
probenecid (pannexins), and L-serine-O-sulfate (cystine/glutamate antiporter). Among the tested 
inhibitors, only DCPIB and dihydrokainate produced modest (~20-30%) reductions in 
pathological Glu levels, prompting a question about what pathway mediates the remaining large 
fraction of the excitotoxin release. To model and explore potential mechanism(s), we exposed 
primary cultures of glial cells to (a) metabolic inhibition, (b) oxidative stress, or (c) their 
combination. Only the latter condition produced sustained and non-selective changes in the 
membrane permeability for amino acids and larger molecules. Such changes were completely 
dependent on elevations in the intracellular [Ca2+] and likely mediated by activation of 
phospholipases. Overall, our results paint an unexpectedly complex picture of multimodal redox-
sensitive Glu release and tissue damage in clinically relevant ischemic penumbra. The improved 
understanding of stroke pathology will help in developing new treatment modalities. 
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Title: Cytoplasmic FMR1-interacting protein 2 (Cyfip2) is a major genetic factor underlying 
binge eating 
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Abstract: Eating disorders are lethal and heritable; however the genetic factors are unknown. 
Binge eating is a highly heritable quantitative trait associated with eating disorders, obesity and 
neuropsychiatric dysfunction. Identifying the genetic basis of binge eating is essential to 
understanding neurobiological mechanisms and the development of pharmacotherapeutics. We 
developed a binge eating paradigm and assessed genetic differences in C57BL/6 substrains that 
are nearly genetically identical. Quantitative trait locus (QTL) mapping in an F2 cross followed 
by gene knockout was used to identify and validate the causal genetic factor. Transcriptome 
analysis of the striatum via mRNA sequencing (RNA-seq) was used to reveal potential 
neurobiological mechanisms that bridge genetic variation with behavior. Outbred CFW mice and 
C57BL/6NJ (B6NJ) inbred mice showed a robust escalation in palatable food (PF) consumption 
and conditioned food reward whereas the closely related C57BL/6J substrain (B6J) did not. We 
identified a single genome-wide significant QTL on chromosome 11 that mapped precisely to the 
location of a missense mutation in Cyfip2 (cytoplasmic FMRP-interacting protein, 2) that was 
recently identified for cocaine-induced neurobehavioral plasticity. We validated Cyfip2 as a 
causal genetic factor using mice heterozygous for a deletion in Cyfip2 that demonstrated a 
complete reversal of compulsive-like binge eating. Transcriptome analysis of the striatum via 
RNA-seq from a subset of F2 and knockout mice identified an enrichment of genes associated 
with psychiatric disorders (eating, substance abuse, depression, bipolar, and anxiety) that likely 
underlie the neurobiological mechanisms. We also identified differentially spliced genes such as 
Homer1, Arpp21, Map4, and Gls (glutaminase) whose isoforms could functionally contribute to 
binge-induced structural neuroplasticity in the striatum. To summarize, to our knowledge, Cyfip2 
is the first genome-wide significant genetic factor to be identified for binge eating in mammalian 
model organisms or humans and demonstrates the utility of our model and approach for future 
gene mapping efforts in populations with increased genetic complexity. 
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Abstract: Epidemiological data suggest that body mass index and obesity are strong risk factors 
for depression and anxiety. However, it remains difficult to separate cause from effect, as 
predisposition for obesity may enhance susceptibility to anxiety, or vice versa. Here, we 
examined the effects of diet and obesity on anxiety-like behaviors in selectively-bred obesity-
prone and obesity-resistant rats. This model enables us to distinguish effects of pre-existing 
differences vs. weight gain on anxiety-like behaviors. Food intake and weight gain was recorded 
over 4 weeks. Measures were made in male rats given standard lab chow (Lab Diet 5001) or 60% 
high-fat diet (Open Source Diets D12492). Elevated plus maze and open field testing were used 
to evaluate anxiety-like behaviors, and forced swim and sucrose preference testing were used to 
examine pro-depressive like behaviors. Prior to weight gain, behavior in the elevated plus maze 
was similar between obesity-prone and obesity-resistant groups. However, after spontaneous 
increases in adiposity and weight in chow fed obesity-prone rats, anxiety-like behaviors in the 
elevated plus maze and open field tests were enhanced in obesity-prone vs obesity-resistant rats. 
Furthermore, the magnitude of these anxiety-like behaviors was positively correlated with weight 
gain in obesity-prone, but not obesity-resistant rats. No differences in forced swim behavior were 
found between groups. Importantly, locomotor behavior in the home cage and standard 
locomotor chambers was similar between groups, suggesting that differences in anxiety-like 
behaviors only emerge in anxiogenic environments. Consumption of a 60% high-fat diet 
produced substantial weight gain in obesity-prone rats, and weight gain in obesity-resistant rats 
that was comparable to that of obesity-prone rats fed standard chow. However, high-fat diet 
induced obesity was not sufficient to enhance anxiety-like behaviors in obesity-resistant rats. No 
further increases in anxiety-like behavior were found in obesity-prone rats, likely due to floor 
effects. Together, these data suggest that enhanced anxiety-like behavior in obesity-prone rats is 
not due to basal differences, but instead emerges with the development of obesity. 
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Abstract: Bisphenol A (BPA) is an environmental endocrine disruptor that has been detected in 
the vast majority of the United States population. The current study explores the combined 
effects of relevant doses of BPA and diet on anxiety and social behaviors. Pregnant dams 
consumed doses of 0, 40, or 400 ug/kg/day of BPA from gestational day 2 through parturition. 
After birth, the pups individually consumed the same dose of BPA from postnatal day 1 through 
10. The pregnant dams were also fed control or high-fat diet from gestational day 0 (day sperm 
plug detected) through postnatal day 10. 
Elevated Plus Maze. Anxiety behavior in adulthood was assessed via the elevated plus maze. The 
animals were allowed one five-minute trial to explore an elevated plus maze. Preliminary results 
suggest a significant sex difference in the number of entries onto the open arms of the maze. 
However, there was no effect of diet or BPA dose the number of entries onto the open or closed 
arms of the maze. Also, there was no effect of diet or BPA dose on the time spent in the open or 
closed arms of the maze. 
Social Recognition. Social memory in adulthood was assessed via the social recognition 
paradigm. A same sex juvenile at was placed in the home cage of the experimental animal, after 
which the juvenile was removed for a delay period of 15, 45, 90 or 120 minutes. Following the 
delay, a familiar and novel juvenile were introduced into the adult cage and the amount of time 
the adult animal spent investigating each juvenile was recorded. There was a significant sex 
difference in the amount of time spent investigating the familiar and the novel juveniles. 
However, there was no effect of BPA or high-fat diet exposure on social memory. 
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Title: Long-term behavioral effects of perinatal exposure to phthalates and maternal high-fat diet 
in male and female rats 
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Abstract: Endocrine disruptors and high-fat diets pose major health concerns in our 
industrialized society. Phthalates, a class of endocrine disrupting chemicals commonly used as 
plasticizers or solvents, can possess anti-androgenic, estrogenic, and anti-estrogenic activities, as 
well as suppress other steroid enzymes. Humans are ubiquitously exposed to many different 
phthalates through a variety of consumer goods, with diet presumed to be the main source of 
exposure for some phthalates. Moreover, phthalates are more prevalent in fatty foods. Both 
phthalates and high-fat diets can increase oxidative stress and inflammation, suggesting the need 
to examine the potential for interactive effects between them. In humans, the gestational period 
appears to be a particularly vulnerable window to phthalates’ endocrine and metabolic disrupting 
activity. Since the prenatal period through postnatal day (P)10 in rats approximately corresponds 
to prenatal cortical development in humans, in the present study, we use a rat model of human 
prenatal exposure to investigate the long-term cognitive effects of gestational/neonatal exposure 
to phthalates and a high-fat diet. Dams were fed cookies containing an environmentally relevant 
mixture of phthalates at doses of 0, 200, or 1000 µg/kg/day from the second day of gestation 
until P10. They also consumed high-fat or control diets during this period. When the pups of 
treated animals reached adulthood (~P90), behavior was assessed in the elevated plus maze, 
attentional set shift, acoustic startle, prepulse inhibition, open field, and novel object recognition 
tasks. Preliminary data indicates that perinatal exposure to high fat diets result in increased 



prepulse inhibition. Preliminary data also suggests effects of perinatal phthalate exposure and 
interactions with the sex of the animal or high fat diet on all measures except the elevated plus 
maze. Results from these studies will provide insight into the sex-specific effects of 
developmental exposure to ubiquitous endocrine disruptors and maternal diet on cognitive and 
emotional behavior. 
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Abstract: Endocrine disruptors and high-fat diets pose major health concerns in our 
industrialized society. Humans are ubiquitously exposed to phthalates, a class of endocrine 
disrupting chemicals commonly used as plasticizers or solvents, through a variety of consumer 
goods and food. Phthalates can possess anti-androgenic, estrogenic, and anti-estrogenic 
activities, as well as suppress the synthesis of steroidogenic enzymes. They are also more 
prevalent in fatty foods, which are readily available in the developing world and likely contribute 
to the increase in obesity rates. Since phthalates and high-fat diets are both capable of increasing 
oxidative stress and inflammation, which are known to negatively affect cerebral function and 
plasticity, it is important to study phthalates and high-fat diets together. In humans, the 
gestational period appears to be a particularly vulnerable window to phthalates’ endocrine and 
metabolic disrupting effects. In this study, we use a rat model of human prenatal exposure to 
investigate the developmental and behavioral effects of phthalates and a high-fat diet. Since the 
prenatal period through postnatal day (P)10 in rats approximately corresponds to prenatal cortical 



development in humans, the dams were orally dosed (0, 200, or 1000 µg/kg/day) with a mixture 
of phthalates throughout this period. The dams were also fed high-fat or control diets during this 
period. Total caloric intake, initial litter size and sex ratio, dam and pup bodyweights, and pup 
anogenital distance were recorded during the dosing period. Preliminary data indicates that pups 
had higher body weights at P10 and P25 from litters with dams fed a high-fat diet, and effects of 
phthalate exposure on body weight varied with age. Also, maternal behavior was observed daily 
throughout the neonatal period (P3-P15), and dams fed a high-fat diet licked their offspring more 
and engaged in more nest reorganization. During the periadolescent period, social play behavior 
will be observed and pubertal onset determined. 
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Abstract: Background - Hot flash associated vasomotor symptoms (VMS), which emerge during 
perimenopause occur in ~70% of women and can persist for years, are thought to contribute to 
sleep and mood disruption. Another common symptoms that emerges during menopause is 
weight gain, and recent large cohort clinical studies have determined that increased adiposity is 
associated with more problematic VMS during menopause transition and early postmenopause 



stages (Thurston et al., 2013 Fert Steril) and weight loss produces less VMS (Thurston et al., 
2014 Menopause). Methods - Using an ovariectomy rat model of a surgical perimenopausal state 
+/- estrogen replacement (ER), we investigated the effects of a 9 week high fat diet (HFD), 
compared to normal diet (ND), on weight, body mass composition (assessed with an EchoMRI), 
food and caloric intake, mood/anxiety behaviors and thermoregulatory activity. Results - 
Following 9 weeks, ND controls and HFD rats has similar increases in weight gain, but even 
though HFD rats consumed less food it represented more calories and produced higher adiposity. 
ER was equally effective in reducing weight gain and adiposity in ND and HFD rats. VMS-
associated activity was assessed by measuring tail skin temperatures (TST). Although there were 
no differences in TSTs at baseline or following a VMS inducing drug (systemic injection of FG-
7142, an anxiogenic GABA disenhancing drug) in either HFD or ND rats, ER reduced TST 
activity at baseline which produced a diminished TST responses post FG-7142. Behavioral 
assessments of anxiety/mood disruption revealed that avoidance behaviors were exacerbated in 
HFD rats which were reduced with ER. There were no acoustic startle response differences noted 
between the HFD and ND rats, but ER did reduce startle responses in ND rats. Using a novel 
object short term memory recognition test, only ER treated HFD and ND OVEX rats showed 
evidence of recognizing of a novel object (no diet effects were noted). Conclusions - These 
results showed that although a HFD does not produce worse weight gain post OVEX it was 
associated with higher fat composition, which among all other measures was only noted to 
increase avoidance behaviors. ER was effective in reducing weight gain, fat composition, and 
VMS-associated TST activity, as well as reducing evidence of mood/anxiety disruption 
(increases in avoidance and startle responses) and restoring object recognition. 
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Abstract: In rats, acute stress is known to cause a reduction in food intake. This anorectic effect 
is likely modulated by factors such as stressor intensity, as well as motivation to feed, i.e. 
hunger/satiety. Many aspects of the stress response are regulated by the endocannabinoid system 
(ECS), as is food intake, but it is unclear how this system modifies stress effects on feeding. 
Given that fatty acid amide hydrolase (FAAH) inhibition has previously been shown to attenuate 
a variety of stress effects through an increase in the endocannabinoid, anandamide (AEA), we 
tested the hypothesis that AEA regulates stress-induced anorexia. As such, male Sprague-
Dawley rats were administered vehicle or the FAAH inhibitor PF04457845 (PF) systemically or 
via intracerebroventricular (icv) cannulation prior to an acute psychological stressor (restraint 
stress). Post-stress feeding intake of regular lab diet (Prolab RMH 2500) and animal body weight 
were subsequently assessed over the following 24hr and 3 days, respectively. 
Stress-induced anorexia was not observed when rats were fasted for 24hr prior to a 2hr stressor 
or with a shorter stress period of 1hr. Among non-food-deprived animals, following exposure to 
a 2hr restraint stressor (or a 2hr fast to control for food intake in home cage controls), stressed 
animals consumed significantly less chow within the first hour of testing (1.9g vs 5.4g), and 
feeding was significantly reduced up to 22 hr post-stress. However, the anorectic effects were not 
altered by systemic (10 mg/kg) or icv (30 µg) PF administration. Interestingly, PF was found to 
reduce food intake and normal body weight gain in non-stressed control animals compared to 
vehicle-treated rats. Taken together, these results suggest that stress-induced effects on feeding 
are influenced by satiety/hunger signals, which may be affected similarly by FAAH inhibition 
alone. Current experiments are exploring the mechanism(s) of action underlying this paradoxical 
effect of FAAH inhibition on stress-induced feeding behaviour. 
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Title: Should we turn off the lights? The modulation of light-cue value in the augmentation of 
heroin seeking in chronically food restricted rats 

Authors: *F. SEDKI1, L. MAYERS2, D. RIZZO2, S. TRIEU CHAO2, J. COHEN2, T. 
D'CUNHA2, U. SHALEV2;  
1CSBN, 2Psychology, Concordia Univ., Montreal, QC, Canada 

Abstract: Disruptions in energy balance can affect motivated behaviors. For example, caloric 
restriction can increase drug taking and seeking in rats. Recently, we reported an augmented 
heroin seeking in food restricted rats under withdrawal. The underlying motivational 
mechanisms driving this effect are unclear. It is possible that exposure to caloric restriction may 
enhance the incentive value attributed to the drug-associated cues, and in turn augment drug 
seeking. It is important however to distinguish the incentive value of a light cue independent of 
the value acquired through its association with a drug. Thus, we investigated the effect of food 
restriction on the acquisition of a new operant response reinforced solely by heroin- or non-
heroin-associated cues. In a separate experiment, we compared heroin- with non-heroin-
associated light seeking in a discrete choice paradigm. Male Long-Evans rats were trained lever-
press for heroin, for 10 days. Next, rats were moved to the animal colony and maintained on free 
access to food (Sated) or subjected to 14 days of mild chronic food restriction (FDR). On day 14, 
rats were tested in the self-administration chambers. Ex.1: During self-administration training, 
heroin infusions were associated with light/tone cues. On test day, the incentive value of the cues 
was assessed by training the rats on a novel nose-poke response reinforced solely by the heroin-
associated cues. Ex.2: Responses on one lever led to a heroin infusion, and activation of a 
light/tone cue. Responses on a second lever activated a different light/tone or just a tone cue. On 
test day, rats were treated as described in Ex.1. Ex.3: Rats were trained on a discrete choice trial, 
with one lever associated with heroin infusions+light cue, and another lever associated only with 
a different light cue. On test day rats were exposed to choice trials reinforced by cues alone. Ex.1 
results: Rats in the FDR group acquired the novel behavior at a greater rate compared to the 
Sated group. Ex.2: FDR-induced increase in nose-poke response rate was observed for both 
heroin-paired and the alternative light cue. Ex.3: Responses for a heroin-associated light cue was 
greater than responses on for the light cue alone in both Sated and FDR groups. Response rate 
for the light alone however was greater in the FDR versus Sated group. Our findings suggest that 
food restriction increases the incentive salience of environmental stimuli, including, but not 
exclusively, of drug-paired cues. 
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Abstract: Drug addiction is a chronic disorder that is characterized by compulsive drug seeking 
and involves switching between periods of abstinence and relapse. In both human and animal 
models of addiction chronic food restriction has been shown to increase rates of relapse. 
Previously, our laboratory has demonstrated a robust increase in drug seeking following a period 
of withdrawal in chronically food-restricted rats compared to sated rats. To date, the neural 
mechanisms that mediate the effect of chronic food restriction on drug seeking have not been 
elucidated. However, the paraventricular nucleus of the thalamus (PVT) appears to be a 
promising target to investigate. The PVT is uniquely placed to contribute to both homeostatic 
control and drug seeking systems. Thus, the objective of the current study was to study the effect 
of PVT inactivation on heroin seeking under food restriction conditions. 
Prior to heroin self-administration training, male Long Evans rats were injected with a viral 
vector carrying an inhibitor Designer Receptor Exclusively Activated by Designer Drug 
(DREADD) into the PVT. Next, rats were trained to self-administer heroin over 10 days (0.1 
mg/kg/infusion; i.v.). Following training, rats were removed from the operant conditioning 
chambers and were placed into drug withdrawal for 16 days. Over the withdrawal period, rats 
were exposed to a mild food restriction (90% of baseline body weight) or were given unrestricted 
access to food. On the 14th and 16th day of the withdrawal period, two drug-seeking tests were 
conducted in which rats were injected (i.p.) with either CNO (3 mg/kg), to activate the 
DREADDs, or vehicle, 20 minutes prior to test. Injectors' placement was verified using 
immunohistochemistry. 
All rats reliably learned to self-administer heroin. As expected, food-restricted rats demonstrated 
an augmented heroin seeking during the heroin-seeking test in comparison to sated rats. PVT 
inactivation seemed to reduced heroin seeking in all rats regardless of the feeding condition, 
however this effect did not reach statistical significance. 
These results suggest that PVT activity appears to play a role in heroin seeking. However, PVT 
activity may not modulate the augmentation of heroin seeking following chronic food restriction. 
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Title: The role of glutamate neurotransmission in the augmentation of heroin seeking induced by 
chronic food restriction 

Authors: *T. M. D'CUNHA, M. RUSSO, S. LE NOBLE, A. USYPCHUK, J. IANNUZZI, F. 
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Abstract: Caloric restriction increases the risk of relapse during drug abstinence in human drug 
addicts. Our laboratory has demonstrated that chronic food restriction augments heroin seeking 
following prolonged withdrawal in rats with a history of heroin self-administration. During the 
heroin-seeking test, food restricted (FDR) rats had elevated extracellular levels of dopamine 
(DA) in the nucleus accumbens (NAc), and administration of a DA D1 receptor antagonist into 
the nucleus accumbens decreased heroin seeking in the FDR rats. The NAc receives a multitude 
of glutamatergic innervation from a variety of brain regions, and previous work has 
demonstrated that glutamate transmission in the NAc can interact with dopaminergic activity. In 
this study we investigated extracellular glutamate levels in the NAc shell and core, as well as the 
role of AMPA receptors in the augmentation of heroin seeking induced by chronic food 
restriction. First, rats were trained to self-administer heroin for 10 days. Next, rats were moved to 
the animal colony for 14 days of drug withdrawal. During the withdrawal period some rats were 
given unrestricted access to food and others were subjected to a mild chronic food restriction 
until they reached approximately 90% of their original body weight. On the 14th day of food 
restriction rats were returned to the operant conditioning chambers for a heroin-seeking test 
under extinction conditions. Extracellular glutamate was assessed using in vivo microdialysis and 
HPLC during baseline conditions in the animal facility and then during the 3 h heroin-seeking 
test. Food restriction significantly augmented heroin seeking compared to the sated rats. There 



were no significant changes in extracellular glutamate levels between the FDR and sated rats. 
Bilateral administration of the AMPA receptor antagonist NBQX (0.0, 0.3, 1.0 µg/side) into the 
NAc core decreased heroin seeking but only in the sated rats. Taken together, these results 
suggest that glutamate transmission in the NAc through AMPA receptors is not involved in the 
augmentation of heroin seeking induced by chronic food restriction. Future studies will 
investigate if NMDA or metabotropic glutamate receptors play a role in food restricted-induced 
augmentation heroin seeking. 

Disclosures:  T.M. D'Cunha: None. M. Russo: None. S. le Noble: None. A. Usypchuk: 
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Abstract: Chronic food restriction increases drug craving and the risk to relapse during 
abstinence in human addicts. Recently, we demonstrated that chronic food restriction augments 
heroin seeking during withdrawal in rats with a history of heroin self-administration. These food-
restricted (FDR) rats demonstrated changes in dopamine transmission in the nucleus accumbens 
(NAc). Previous research has shown that dopamine in the NAc can modulate glutamatergic 
synaptic transmission, however, this has not been studied in the framework of food restriction 
and heroin seeking. Therefore, the purpose of the current study was to assess synaptic plasticity 
induced by heroin self-administration and by chronic food restriction during heroin withdrawal 
in the NAc shell. Changes in AMPA and NMDA receptor mediated currents were evaluated in 
both sated and FDR Long-Evans rats under withdrawal from heroin. Briefly, half of the rats 
tested were trained to self-administer heroin for 10 days in operant conditioning chambers. Then, 
rats were moved to the animal colony for 14 days of withdrawal during which one group was 
food restricted to approximately 90% of their original body weight (Heroin-FDR), or given 
unrestricted access to food (Heroin-Sated). The second half of the animals were not heroin 



trained and served as controls. Of these, one group was free-fed (Naïve-Sated) and the other 
group was food restricted (Naïve-FDR). In vitro whole cell patch-clamp recordings were 
performed on the 14th day of withdrawal for all animals. Voltage-clamp recordings were 
obtained from visually-identified NAc shell medium spiny neurons. AMPA currents were 
measured at -70 mV, as well as at +40 mV before and after application of the NMDA antagonist 
APV, and NMDA currents were quantified by subtraction. Cells recorded in the Naïve-FDR 
group demonstrated a marked reduction in NMDA, but not AMPA, currents, resulting in a 
strongly increased AMPA/NMDA ratio relative to cells in the Naïve-Sated group. Additionally, 
our initial results also suggest a decrease in the AMPA/NMDA ratio following heroin 
administration and withdrawal in the Heroin-Sated group, due to an increase in NMDA currents. 
In contrast, both AMPA and NMDA currents in the Heroin-FDR group were similar to those in 
the Naïve-Sated group. Taken together, our results suggest differential effects of heroin self-
administration and chronic food restriction during withdrawal on glutamatergic synapses in the 
nucleus accumbens shell. 
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Abstract: Chronic exposure to stress is associated with increased incidence of depression, 
generalized anxiety and PTSD. However, stress induces vulnerability to such disorders only in a 
sub-population of individuals, as others remain resilient. To model these individual differences in 
response to stress, our lab, and others, have shown that two subpopulations of Sprague-Dawley 
rats emerge with repeated social defeat. Approximately half of defeated rats exhibit short 
latencies (SL) to be defeated averaged over 7 days whereas the other half of rats resist defeat and 



exhibit increased latency. SL rats have increased anxiety-like and depressive-like behaviors 
suggesting that they are stress vulnerable. Behaviorally, LL rats are no different from controls, 
suggesting they are stress resilient. A current hypothesis is that inflammation mediates 
vulnerability to chronic stress. Previous data has shown that inflammation can be mediated by 
the gut microbiome. We hypothesized that vulnerability to stress would be characterized by an 
inflammation-promoting gut microbiome. We performed shotgun metagenome sequencing on 
fecal pellets of male Sprague Dawley rats collected prior to, and after social defeat, and 
nondefeated control rats. SL and LL rats were identified by cluster analyses on latencies to social 
defeat. In the pre-stress samples, there were no significant differences between control, SL, or 
LL rats, suggesting that pre-existing differences in the gut microbiome do not predict 
vulnerability or resiliency. However, repeated social defeat produced robust changes in 
microbiome composition at the community level. In the LL and SL groups, we found that 
Lactobacillus, Blautia, and Eubacterium were among the top increased taxa, and social defeat 
produced a significant increase in the ratio of firmicutes:bacteriodetes. Collinsella increased 
dramatically in LL rats. In the SL rats, four of the five taxa identified were members of the class 
Clostridia. Clostridia are especially important for regulating immune function. Because SL rats 
exhibit indices of increased inflammation, we examined this taxon and observed that Clostridia 
were indeed significantly increased in SL rats. Thus, analyses of gut microbiome profiles 
suggests that vulnerability and resiliency have unique effects on the microbiome, with 
vulnerability associated with increased clostridia, which may promote the inflammatory 
phenotype previously observed in SL/vulnerable rats. Ongoing studies are determining the 
physiological and neural consequences of increased clostridia in SL rats and the mechanisms by 
which such effects might be mediated. 
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Abstract: Increasing evidence points to a role for the microbiome in regulating many aspects of 
health including brain health. It is now clear that the microbiota-gut-brain axis plays a key role in 
regulating behaviour and brain function. Early-life is a critical developmental window for the 
microbiome and brain. The initial seeding of the gut microbiome occurs during birth as the infant 
emerges through the mother’s birth canal. However, birth by Caesarean section (C-section) 
results in a different pattern of bacterial colonisation compared to naturally delivered offspring. 
Recently, we have demonstrated that C-section delivered mice present with enduring behavioural 
and physiological phenotypes. The aim of the present study was to investigate whether these 
effects were reversible by oral supplementation with prebiotic, probiotic or synbiotics 
(combination of prebiotics and probiotics) that target the microbiota-gut-brain axis. We assessed 
a number of translational behavioural and physiological outputs in early-life and in adulthood 
that are relevant to neuropsychiatric disorders. Following birth by C-Section or per vaginum 
pups were exposed to a dietary intervention with specific probiotic, prebiotic or synbiotic 
mixtures given to dams during lactation period. Male offspring was weaned to their mother’s diet 
at postnatal day 21 till 14 weeks at which they were sacrificed. Probiotic treatment was 
administered in the drinking water and the prebiotic was incorporated into the custom-made 
rodent diet. In early-life, all dietary interventions (prebiotics, probiotics and synbiotics) reversed 
C-section-mediated increase in ultrasonic vocalisation and impairment in maternal attachment at 
postnatal day 9 and 10. In adulthood at week 8, the three interventions restored C-section 
mediated deficits in social cognition and novel object recognition memory. Prebiotic and 
probiotic treatment independently reduced anxiety in C-section born offspring exposed to the 
marble burying test, while the probiotic itself displayed anxiolytic effect in the natural born 
offspring. Furthermore, synbiotics also reduced depression-like behaviour in the natural born. 
Ongoing analysis at the level of the gastrointestinal tract, the immune system and the brain will 
illuminate mechanistic insights underlying such effects. In conclusion, our data highlight the 
importance of the gut microbiome in early life in shaping neurodevelopment and stress-related 
behaviours. Further, it demonstrated that there are potential microbiota-based strategies to 
counteract such effects. 
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Abstract: Nervous system function and psychological health are influenced by the unique 
composition of one’s gut microbiome. However, little is known about the influence of 
microbiome composition on brain function later in life, and the extent to which gut microbes 
exert their influence on development of anxious or depressive behaviors through direct neural 
communication with the brain via the vagus nerve. The purpose of the current study was to 
elucidate the effects of oral supplementation of the probiotic strain Bifidobacterium infantis 
35624 on the development of anxiety and depression in healthy adolescent rats, and to identify 
the unique contribution of the vagus nerve to such effects. As weanlings, rats were subjected to 
either a subdiaphragmatic vagotomy or a sham surgery and supplemented daily with B. infantis 
or vehicle for two weeks. Anxious behavior in the elevated plus maze (EPM), and depressive 
behavior in the forced swim test (FST), were assessed in young adulthood. B. infantis treatment 
decreased anxious behavior in a vagally-dependent manner for male rats and in a vagally-
independent manner for female rats. In contrast, neither probiotic supplementation nor vagotomy 
altered FST immobility time. These results suggest that the vagus nerve plays a necessary role in 
in the anxiolytic effects of B. infantis in male rats, but that hormonal or immune benefits 
conferred by B. infantis are sufficient to mediate anxiolysis in female rats. 
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Abstract: Anorexia Nervosa (i.e., anorexia) is a major public health concern compounded by a 
lack of effective treatments. This complex disorder is most common in females and often 
manifests during adolescence. Although the etiology of anorexia remains unclear, dysregulation 
of dopamine (DA) neurotransmission is a consistent finding. The DA transporter (DAT) 
terminates DA neurotransmission by high-affinity uptake of DA into neurons and is therefore a 
primary regulator of the strength and duration of DA signaling. Given the important role that 
DAT plays to clear dopamine together with strong evidence of dysregulated DA 
neurotransmission in anorexia-related eating disorders, it is possible that DAT function is 
aberrant in individuals with anorexia. Surprisingly, however, few studies have investigated DAT 
activity in anorexia. Toward this end, we used the “activity-based anorexia” (ABA) model in 
rats, which recapitulates key characteristics of anorexia, including hyperactivity and restricted 
food intake. As an index of DAT function in vivo, we examined the effect of the DAT blocker 
cocaine on locomotion. Adolescent rats with one hour access to food ate less than those with ad 
libitum access to food, regardless of whether they had access to locked or unlocked running 
wheel. We determined that “anorexic” adolescent female rats were more sensitive to cocaine 
than female control rats as evidenced by a leftward shift of the ascending and descending limbs 
of their dose-response curves. Moreover, females that underwent ABA were more sensitive to 
the effects of cocaine on locomotion than their male counterparts. Preliminary data generated 
using high-speed chronoamperometry to measure transporter function in vivo indicate that DAT 
activity was increased in females, but not males, exposed to ABA. Together, these data support 
the hypothesis that during adolescence, DAT function in females is susceptible to reduced food 
intake, to hyperactivity or to both in combination, which might contribute to development or 
severity of anorexia-related behavior. 
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Abstract: Twenty percent of adults are diagnosed with major depressive disorder, which is 
typically treated with selective serotonin reuptake inhibitors (SSRIs). However, this type of 
medication takes approximately six weeks to produce therapeutic effects. Recently, low doses of 
ketamine, a noncompetitive N-methyl-D-aspartate (NMDA) receptor antagonist, have been 
shown to produce rapid and long-lasting antidepressant effects. Studies that have begun to 
examine the mechanisms underlying these effects have focused on intracellular changes 
mediated by NMDA and/or AMPA receptors. However, the traditional view of the etiology of 
depression involves the need for an increase in extracellular serotonin to regulate mood. 
Surprisingly, there appears to be little research into the effects of ketamine on serotonin. One 
study found an increase in extracellular serotonin while another found an inhibition of serotonin 
uptake following ketamine treatment. Together, these studies suggest a role for serotonin in the 
antidepressant-like effects of ketamine, and putatively one involving the serotonin transporter 
(SERT). To further elucidate this role, we examined antidepressant-like effects of ketamine in 
SERT mutant mice bred on a C57BL/6J background. SERT knockout, heterozygous, and 
wildtype adult mice were treated with vehicle or 30 mg/kg ketamine and tested either 24 hours or 
7 days later in the tail suspension test, a validated model for detecting antidepressant drug 
effects. Ketamine had antidepressant-like effects only in SERT knockout mice. Taken together 
with published findings that SERT knockout mice have increased expression of organic cation 
transporter 3 (OCT3) relative to wildtype littermates, and that blockade of OCT3 produces 



antidepressant-like effects and inhibits serotonin uptake, these results raise the possibility that 
OCT3 plays a role in antidepressant-like effects of ketamine. Ongoing studies are investigating 
the dose-response relationship of these effects in SERT mutant mice and in OCT3 knockout mice 
to investigate a potential role for OCT3 in antidepressant-like effects of ketamine. 
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Abstract: Neuromodulators such as dopamine (DA) and serotonin have long been implicated in 
innate and learned behaviors. Widespread dopaminergic system manipulations depleting DA 
levels result in sleep regulation deficits in Drosophila Melanogaster (the fruit fly). Further 
evidence suggests that regulation of feeding is also adversely affected when DA levels are 
diminished. The fly brain contains a total of 200 dopaminergic neurons, 130 of which innervate 
the mushroom body (MB). The MB is an associative learning network important for decision-
making as well as for the control of sleep in Drosophila. Approximately 2,000 kenyon cells 
(KCs) make up the lobes of the MB and synapse onto MB output neurons (MBON) in 15 non-
overlapping compartments. The 130 DANs project into these compartments, modulating the 
synaptic strength of these connections. Activation of specific DANs has been demonstrated to 
significantly reduce sleep in Drosophila. It remains unclear whether the observed sleep deficits 
are a cause of dopaminergic regulation of arousal, or of a motivational behavior like feeding. 
Using Drosophila as an experimental system, a comprehensive screen of all MB DANs and 
MBONs was conducted. We analyzed specific subsets of DAN and ON clusters in order to 
elucidate dopamine’s role in the regulation of feeding and motivational behaviors. The goal of 
these data is to explore a link between dopamine regulation of motivational behaviors and their 
implications for sleep regulation. 
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Abstract: BACKGROUND: 
Feeding behavior and energy metabolism are regulated by a complex network of central and 
peripheral signals, of which the hypothalamus is an especially important node (Schwartz MW et 
al., 2000). The sphingolipids - a class of lipid-derived messengers that include ceramide (Cer), 
dihydroceramide (dHcer), sphingosine (SO) and sphingosine-1-phosphate (SO1P) - have been 
recently implicated in the pathogenesis of metabolic dysfunction (Russo SB et al., 2013; Bikman 
BT, 2012), but the physiological signals regulating their formation and deactivation in the 
hypothalamus are unknown. 
OBJECTIVES: 
In the present study, we investigated the effect of food deprivation or high-fat diet (HFD) on 
sphingolipid levels and on the expression of enzymes involved in sphingolipid metabolism in the 
hypothalamus. 
METHODS: 
Male C57BL/6J mice (n=5/group) were subjected to four different feeding conditions: 1) free 
feeding (FF); 2) 12h food deprivation (FD); 3) 1h refeeding after FD; 4) 6h refeeding after FD. 
To study the effect of HFD, C57BL/6J mice were divided into two groups: standard diet (2.66 
kcal/g) and HFD (5.24 kcal/g) and killed at different time points (1-3-7-14-28 days). 
Hypothalamic sphingolipids were extracted, identified and quantified by liquid 
chromatography/mass spectrometry. Gene expression of enzymes involved in sphingolipid 
biosynthesis was evaluated by qPCR. 
RESULTS: 
Relative to free feeding, fasting: 1) decreased SO1P levels; 2) increased SO, the precursor of 
SO1P; 3) reduced the levels of dihydroceramide (d18:0/18:0), a product of de novo pathway of 
ceramide biosynthesis; 4) down-regulated transcription of sphingosine kinases (SK) and 
ceramide synthase. After 1 day and 14 days, free feeding mice exposed to a HFD showed lower 
levels of Cer24:0, its precursor dHCer 24:0, and Cer24:1 compared to mice fed standard diet. 
Significant decreases in SO1P were also observed after 7 and 14 days of HFD. 
CONCLUSION: 



Intracerebroventricular injections of SO1P reduce food intake and stimulate energy expenditure 
in rats (Silva VRR et al., 2014). Our results suggest that hypothalamic levels of SO1P, its 
precursor SO and enzymes involved in the conversion of one into the other (SK) are influenced 
by the feeding status. Feeding also regulates other aspects of sphingolipid metabolism, 
suggesting additional roles for this lipid pathway in the control of energy balance. 
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Abstract: Obesity is associated with psychological factors, genetic predisposition and food 
habits. Diet composition influence total energy intake and long-term changes to body weight and 
body composition. Some studies reported that chronic intake of a hypercaloric diet produce 
changes in the oxidative stress which accompanied by accelerate lipid peroxidation. Natural 
products, such as flavonoids found in fruits like resveratrol have potential therapeutic agents 
recognized for their antioxidant activity. The aim of this study was to explore the effect of 
antioxidant resveratrol, lipids damage oxidative in the frontal cortex of rats hypercaloric diets 
fed. A total of 50 healthy male rats were divided equally into six groups: first group: the first 
group= hypercaloric diet 1 (HPC1: sugar 5% + lard 15%), the second group= HPC1 + 
resveratrol, the third group= (HPC2: sugar 10% + lard 10%), the fourth group= HPC2 + 
resveratrol, the fifth group= (HPC3: sugar 15% + lard 5%) and the sixth group= HPC3 + 
resveratrol, the seventh and eighth groups were fed with standard diet (SD) and SD + resveratrol. 
All the groups were fed during five months, however in the fifth month the second, fourth, sixth 
and eighth groups received resveratrol during four weeks. Food intake was recordly daily. Lipid 
peroxidation levels were analyzed by measuring thiobarbituric acid reactive substances. GABA 



levels were determinate with ELISA kit. The SD-fed rat intake was approximately 7.77% more 
lower than the HPC groups and the resveratrol have no effect on food intake. The lipid 
peroxidation were high in HPC2 and HPC3. The resveratrol decreases lipid peroxidation in the 
HPC3 group with significant differences. The GABA levels in the HPC-fed rats demonstrated a 
significant decrease compared with the SD group in the frontal cortex. The GABA levels in the 
HPC3 + resveratrol appeared to be more elevated without reaching to SD group. This results 
indicate that exposure to hypercaloric diet decrease the GABA concentration and increase de 
lipid oxidation in the frontal cortex; this probably suggesting a imbalance in inhibitory process of 
frontal cortex. 
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Abstract: Theanine is an amino acid included in green tea, is known to interact with glutamate 
receptors in the brain nervous system. In the previous studies, theanine has improved the learning 
memory deficit in mice, and also anxiety in patients with schizophrenia. Circadian rhythm 
system is important to control the morning /evening difference of physiological functions such as 
not only body temperature, blood pressure and endocrine secretion, but learning/memory and 
anxiety. Circadian rhythm system also controls the timing effect of drug intake (chrono-
pharmacology) and food/nutrition intake (chrono-nutrition). Therefore, the timing of drug/food 
may affect their effects. Although human usually takes green tea during daytime but not during 
late nighttime, there has been no study that has evaluated the effect of theanine on learning 
memory and anxiety in the morning or evening. Male ICR 3-week-old mice were allowed to 
acclimatize themselves to the chow (AIN-93G) and tap water for 1 week under a 12-h/12-h 



light/dark schedule. After then, the mice were given tap water or 0.3% theanine included tap 
water ad libitum for 3 weeks. Mice were tested by novel object recognition test for 
learning/memory and open field test for anxiety. Maintain of learning memory was seen in 
theanine intake group when novel objective recognition test was conducted in the morning or 
evening, and theanine was more effective in the morning group compared with evening group. 
Anti-anxiety effect of theanine was appeared in the morning, but not in the evening evaluated by 
open field test. In conclusion, theanine was effective for learning memory maintenance and also 
anti-anxiety with observation of stronger effect in the morning test than the evening test. In the 
future experiment, we will investigate effect of consistent timing of both theanine intake and 
behavioral test. This work was partially supported by the Council for Science, Technology and 
Innovation, SIP, “Technologies for creating next-generation agriculture, forestry and fisheries” 
(funding agency: Biooriented Technology Research Advancement Institution, NARO) 
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Abstract: Due to the high prevalence of obesity in many countries, the study of eating and food-
reinforced behavior has become a priority. Several studies have shown that dopamine and its 
receptors are involved in normal and pathological regulation of food intake. For example, it has 
been reported that the selective activation of D4 dopamine receptors (D4R) in the paraventricular 
nucleus of the hypothalamus (PVN) produced a stimulatory effect on standard food intake by 



increasing the release of glutamate. Accordingly, it has been suggested that alterations in the 
hypothalamic dopaminergic signaling pathways that regulate energy homeostasis may facilitate 
the development of obesity-associated caloric overeating by a D4R dependent mechanism. 
Accordingly, the aim of this study was to evaluate the effects of the central administration of D4 
receptor antagonist, L-745,870, on food intake (standard lab chow) and on the motivation for 
palatable food (sucrose pellets). Adult male Wistar and Sprague Dawley rats were stereotaxically 
implanted with microinjection cannulas in the PVN and in the Nucleus Accumbens Shell to 
locally administrate L-745,870 (1 ug/0.5 uL) and consumption of standard food (1 and 2 hours 
after injection, Wistar rats) and the motivation for palatable food (45 mg pellets, operant test 
procedure, Sprague Dawley rats) were evaluated. We found that injection of L-745,870 (1 ug/0.5 
uL) in the PVN significantly suppressed standard food intake in the first hour after the intra-
hypothalamic injection. Furthermore, local administration of L-745,870 (1 ug/0.5 uL) in the 
Nucleus Accumbens Shell significantly decreased food-reinforced lever pressing on a 
progressive ration reinforcement schedule (PR1000). Our results showed that the central D4R 
modulate feeding behavior by inhibiting motivational and hedonic processes, suggesting that this 
compound may be useful for the pharmacological treatment of obesity. 
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Abstract: The paraventricular nucleus of the hypothalamus (PVN) plays a critical role in a 
variety of regulatory and homeostatic functions including the autonomic response to stress as 
well as feeding behavior. Norepinephrine (NE) inputs to the PVN arise from the nucleus of the 
solitary tract (NTS) and project via the ventral noradrenergic bundle (VNB) to the the 
parvocellular, dorsomedial portion of the PVN. NTS NE neurons are robustly activated by the 



satiety-inducing feeding peptide cholecystokinin and the malaise- inducing agent lithium 
chloride - supporting a role in intake suppression. They also appear to be critical for the robust 
food consumption induced by central delivery of agents that interfere with glucose sensing. 
Thus, the nature of the NE PVN input remains somewhat murky and sampling NE in the PVN 
will help to resolve its role. Here, we sought to characterize NE release in the PVN using fast-
scan cyclic voltammetry - an electrochemical technique that can sample the release of 
electroactive neurotransmitters, like NE with good analyte specificity and excellent temporal and 
spatial resolution. In anesthetized rats, a carbon fiber microelectrode was lowered into the 
dorsomedial parvocellular region of the PVN and its voltage was modulated (-0.4V to +1.3V and 
back [scan], 400V/s, 10scans/s). Once every 5 minutes, the VNB was stimulated (60pulses, 
60Hz, 200µA). A reliable increase in current was observed. Representative cyclic 
voltammagrams from each experiment were regressed against those obtained during post-
recording calibration in a flow injection system where the electrode was exposed separately to 
1uM NE and 1uM epinephrine (E). Cyclic voltammograms obtained in vivo compared favorably 
to NE but not E (r² = 0.84 ± 0.02 vs 0.53 ± 0.02, respectively). In vivo NE release was frequency 
dependent. No release was detected for stimulation frequencies under 10Hz but higher 
frequencies led to greater release (75.3 ± 6.4 vs 248 ± 35.3 vs 283.45 ± 3.8 nM for 10, 30 and 60 
Hz, respectively). Measurement and characterization of phasic NE release in the PVN will aid in 
resolving its role in feeding behavior. 
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Abstract: The regulation of food intake is essential for an organism’s survival and fitness. 
During this process, living organisms need to select between food sources that vary in quality 
and quantity. While progress has been made in our understanding of neural regulation of energy 



intake, much less is known about how specific nutrients, such as protein intake is regulated. 
Accumulating evidences suggest that protein consumption is homeostatically regulated and may 
have a profound effect on total energy intake. Here we identified a small subset of dopamine 
(DA) neurons specifically involved in homeostatic regulation of protein intake in Drosophila. In 
order to assess the consumption of protein-containing food, we utilized two behavioral assays in 
our study. Blue-dye feeding assay was applied to quantify the absolute amount of protein intake 
and the two-choice assay was performed to measure animals’ preference to protein relative to 
sugar. Female flies have previously been shown to undergo a post-mating dietary switch, with 
increased intake and preference for protein-enriched food. From a circuit-based screen, we found 
that DA signaling is required for this post-mating dietary switch. In addition, virgin female and 
male flies that have been protein-deprived exhibited a similar dietary switch, which was also 
suppressed by silencing DA signaling. Using an intersectional approach, we identified two DA 
neurons from the PPM2 subgroup (DA-WED) that are required for increasing consumption and 
preference of protein-containing food following protein deprivation. Moreover, activation of 
these neurons is sufficient to induce a protein preference in protein-satiated animals. Functional 
imaging experiments reveal that the activity of these DA-WED neurons correlates with the 
physiological drive for protein intake. Together, our study reveals a critical circuit mechanism by 
which Drosophila adjust their dietary strategy to maintain protein homeostasis. 
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Title: Characterizing motivational and dopaminergic changes resulting from distinct behavioral 
histories of sucrose access 
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Abstract: Approximately 2/3 of adults in the United States are either overweight or obese. 
Studies have shown that on average, Americans consume about 500-800 more calories per day 
than needed because of the availability of food, more specifically, carbohydrate rich and sucrose 
enriched foods (Flegal et al, 2000). Characterizing the effects of sucrose access on motivational 
and neurochemical markers of addiction may help to elucidate the neural basis of obesity. In the 
present study we are providing rats with either no access, intermittent access or unlimited access 
to sucrose in their home operant boxes in 23hr cycles over 28 days. Over the 28-day history, we 
assess for overall and circadian changes in: food intake, sucrose intake, water intake and weight 
gain. We then use a novel behavioral economic food seeking task and the progressive ratio 
schedule to assess for changes in motivation for sucrose. Motivation is assessed twice: once 
immediately after the 1-month history, and then again following a period in which all groups 
were deprived of sucrose. Immediately after the first motivational assessment, we use fast-scan 
cyclic voltammetry to assess for changes in transient dopamine responses to sucrose and a 
conditioned predictor of sucrose access. 
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Abstract: Elevated urinary levels of the aromatic amino acid metabolite 3-(3-Hydroxyphenyl)-3-
hydroxypropionic acid (HPHPA) have been reported in patients with schizophrenia and autism 
(Shaw, 2010). While HPHPA is thought to be generated by the intestinal microbiome and 



derived from either tyrosine (TYR) (Curtius et al, 1976), or phenylalanine (PHE) (Shaw, 2010), 
the precise origin and distribution of HPHPA is not well-defined. We used liquid 
chromatography/mass spectroscopy (LC/MS) to measure HPHPA/ isomer and other aromatic 
amino acid metabolites in 3 experiments: 1) Clostridium difficile, a pathogen that colonizes the 
intestinal tract, was cultured in vitro on standard medium and the resulting levels of HPHPA and 
other metabolites were determined; 2) L-TYR or L-PHE 400mg/kg IP was administered to adult 
mice (Harlan, CFI, female) and metabolites were measured in urine harvested 2h later; 3) Human 
CSF samples from our clinical laboratory were analyzed. We found that C. difficile generated 
HPHPA/ isomer as well as 3-hydroxyphenyl-propionic acid (HPPA) (another intermediary in 
aromatic amino acid metabolism) and the structurally similar compound 3,4-
Dihydroxyhydrocinnamic acid (DHCA). In mice, the administration of L-TYR, but not L-PHE, 
resulted in elevated urinary HPHPA / isomer. In human CSF, HPHPA/ isomer and DHCA were 
detected. Thus, we confirm earlier findings that components of the intestinal microbiome can 
generate aromatic amino acid metabolites. In mice, we demonstrated that urinary HPHPA/ 
isomer is derived at least in part from L-TYR. Furthermore, at least some of the analytes 
generated by the intestinal microbiota can cross the human blood brain barrier. This raises the 
possibility that aromatic amino acid metabolites differentially generated by gut bacteria in hosts 
with neuropsychiatric disorders, could directly affect brain function. Further studies will 
delineate the synthesis, distribution and neuroactive properties of these compounds. 
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Abstract: Hypothalamic regulation of appetite governs whole body energy balance. Inability of 
satiety induction is etiologic implication of obesity. Despite the pharmaceutical agents are used 
to modulate this alteration of anorectic signaling, unexpected effects on neurological or cardiac 
system are not the issue to disregard. The current study announced that an endogenous peptide 
hormone A (PHA) had an anorectic effect in hypothalamus. We demonstrated that 
proopiomelanocortin (POMC) and agouti-related protein (AgRP) neurons, which are the targets 
of anorectic leptin hormone, located in arcuate nucleus (ARC) of hypothalamus co-expressed 
PHA. In addition, intracerebroventricular injection of PHA peptide significantly suppressed food 
intake in mice via increasing α-melanocotye-stimulating hormone (α-MSH) content in 
hypothalamus. We addressed that the anorectic effect of PHA is presumably via induction of 
phosphorylation of ERK and reduction of AMPK phosphorylation. Notably, PHA provoked the 
expression of Janus kinase 2 (JAK2) phosphatases known to be involved in the feedback 
inhibition of leptin signaling, whereas PHA expression was promoted by STAT3 
phosphorylation induced by leptin receptor activation. We suggest that PHA is abundantly 
expressed in hypothalamus to evoke the anorectic melanocortin pathway and mediates leptin 
signaling (2014R1A6A1029617, 2014R1A1A1037655, 2014R1A2A1A11051231). 
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Abstract: The lateral hypothalamus is well known for its role in body weight control, which 
traditionally has been assigned to weight-loss promoting orexin and weight-gain promoting 
MCH neurons. Recently, different LH GABAergic neurons that are distinct from MCH and 
orexin neurons have been described to effect body weight as well. These neurons might be the 
missing piece to elucidate the LH circuitry underlying body weight control and explaining how 
weight gain and loss can be coherently coordinated in the LH. However, not much is known 
about this LH inhibitory network due to its heterogeneous nature. Surprisingly, we found that LH 
GAD65 neurons are only partially overlapping with LH VGAT neurons and that ≈80% of LH 
VGAT neurons do not express GAD65. Interestingly, LH GAD65 neurons seem also distinct 
from NPY and LepRb neurons and thereby adding another component to the LH inhibitory 
network. Through chemogenetic modulation we found that LH GAD65 neurons display a 
different effect on body weight and energy expenditure compared to LH VGAT neurons which 
have been shown to promote weight gain. This apparent functional dichotomy was also reflected 
in their microcircuitry as LH GAD65 neurons seem to receive inhibitory input from LH VGAT 
neurons but not from other GAD65 neurons. Our data adds to a coherent understanding of 
hypothalamic circuitry essential for energy expenditure and compensation and thus opens 
possible avenues for further neurophysiological investigations of hypothalamic control of body 
weight. 
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Abstract: Eating disorders and forms of obesity are associated with brain reward dysfunction. In 
this study we investigated the sensitivity of the brain reward system of subjects undergoing 
chronic diet cycling by testing the effects of amphetamine, a dopamine releaser. For this purpose, 
a group of male Wistar rats was provided a regular chow diet 7 days a week (Chow/Chow), 
whereas a second group of rats was provided chow for 5 days a week, followed by a 2-day 
access to a highly palatable sucrose diet (Chow/Palatable). Following 5 weeks of diet alternation, 
we investigated amphetamine sensitivity during access to the palatable diet (‘P Phase’) as well as 
during withdrawal from it (‘C Phase’). We measured the effect of amphetamine on locomotor 
activity and brain stimulation reward (BSR), home-cage self-administration of amphetamine, and 
amphetamine-induced conditioned place preference. Palatable diet cycling resulted in 
hypophagia of the standard chow, overeating of palatable food upon renewed access, and 
compulsive-like eating. During the P, but not the C phase, diet cycled rats showed decreased 
sensitivity to both the locomotor stimulating and the threshold-reducing effects of amphetamine. 
In addition, during access to Palatable diet, diet cycled rats showed increased self-administration 
of amphetamine in the home cage, as compared to controls. Finally, amphetamine-induced place 
preference was reduced in Chow/Palatable rats during the P Phase, as compared to control rats. 
These results indicate that diet cycled rats show a phase-dependent deficit in the brain reward 
system, as revealed by a decreased sensitivity to amphetamine when the highly palatable food 
access is renewed following withdrawal from diet cycling. In summary these results suggest that, 
in pathological eaters, brain reward dysfunction may be dependent upon the feeding state of the 
individuals. 
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Title: Fluoxetine administration during adolescence decreases chow intake via meal size but 
does not alter meal patterns later in life 
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Abstract: We have previously reported that exposure to fluoxetine (FLX), specifically during 
adolescence, results in altered sensitivity to mood-related stimuli in adulthood, as inferred by 
forced swim and social defeat paradigms. To further investigate how juvenile FLX exposure 
influences feeding later in life, we compared meal pattern parameters in male rats presented with 
a chow diet. Postnatal day (PD) 35 rats were injected with FLX (0 or 20 mg/kg) for 15 
consecutive days (PD35-49). During adulthood, the animals were exposed to chronic variable 
stress (CVS) for 14 days (PD74-88). During drug treatment, FLX-exposed rats decreased intake 
by reducing meal size but displayed no significant changes in meal number. Consequently body 
weights were significantly lower than that of controls by PD40.No significant group differences 
in meal pattern parameters were observed after drug treatment completion (PD50), or in body 
weight by early adulthood (PD65). Furthermore, both groups responded similarly to a palatable 
diet (45% fat, 17% sucrose) presented during adulthood (PD74-88). Finally, no significant group 
differences in meal pattern parameters were observed following a CVS schedule. Whereas 
juvenile FLX administration results in enduring changes in mood-related measures, here, no 
long-term changes in ad libitum feeding are observed. 
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Accumbens of undernourished rats 
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Abstract: Clusterin is a multifunctional protein that seems to play a significant role in the 
control of eating behavior. Central administration of clusterin is followed by anorexia in rats, 
while ODN-induced downregulation results in increased food intake (Gil et al., Nature Commun 
4: 1862, 2013). Interestingly, we have recently observed that serum clusterin correlates with loss 
of eating control in morbid obese patients (Rodríguez-Rivera et al., Eur Neuropsychopharmacol 
25 Suppl 2: S628, 2015), a finding that led us to propose this protein as a potential biomarker of 
food addiction. Despite these antecedents, little is known about the biological role of clusterin 
within the brain reward system. As a first approach to increase this knowledge, we have 
quantified by immunoblotting the mitochondrial and cytosolic levels of clusterin in the Nucleus 
Accumbens (NAc) and Prefrontal Cortex (PFC) of female, Wistar undernourished rats, bearing 
in mind that malnutrition is known to increase both food and drug reward. Rats undernourished 
during fetal life and lactation (by restricting mother’s access to food), and for 5 additional 
months after birth, overexpressed mitochondrial clusterin (2-fold) in the NAc, but not in PFC. 
Clusterin upregulation was not observed when undernourishment was limited to gestation and 
lactation and animals had free access to standard diet from weaning. Parallel and similar changes 
were seen in the NAc levels of fumarate hydratase, an enzyme previously related to brain reward 
alterations induced by either drugs of abuse, high fat foods or undernourishment. Further studies 
are highly recommended to understand the exact meaning of clusterin upregulation in terms of 
behavior. 

Disclosures:  C. Rodríguez-Rivera: None. C. González-Martín: None. E. Lizárraga-
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Title: Emesis induced by L-type Ca2+ channel agonist FPL64176 in the least shrew (Cryptotis 
parva) is sensitive to Ca2+ channel inhibitors and is mediated by 5-HT3Rs and NK1Rs 

Authors: W. ZHONG1, S. CHEBOLU1, *N. A. DARMANI2;  
1Basic Med. Sci., 2Coll Osteo. Med. Pacific, Western Univ. Hlth. Sci., Pomona, CA 

Abstract: Cytoplasmic calcium (Ca2+) mobilization is an important factor in the induction of 
emesis. We have previously provided the first evidence that the selective L-type Ca2+ channel 
agonist FPL64176 is a fully efficacious emetogen in the least shrew at 10 mg/kg (i.p.). In this 
study we explored the potential mechanisms associated with this finding. As shown by c-Fos 
staining, FPL64176 (10 mg/kg, i.p.) activated the brainstem dorsal vagal complex (DVC) emetic 
nuclei including the area postrema (AP), nucleus tractus solitarius (NTS) and dorsal motor 
nucleus of the vagus (DMNX). Pretreatment with the L-type Ca2+ channel inhibitor nifedipine at 
10 mg/kg dose (s.c.) 30 min prior to FPL64176 administration completely abolished FPL64176-
induced vomiting and c-Fos introduction. In addition, FPL64176 led to enhancements of 
serotonin (5-HT) and substance P (SP) immunoreactivity in brainstem sections. We then 
confirmed the antiemetic potential of the selective serotonin type 3 receptor (5-HT3R) antagonist 
palonosetron and the neurokinin 1 receptor (NK1R) antagonist netupitant, indicating that 
FPL64176-elicited vomiting is mediated by both 5-HT3R and NK1R. Ca2+ release from 
intracellular stores through ryanodine receptors (RyRs) following voltage-dependent Ca2+ entry 
via LTCCs during neuronal depolarization plays an important role in amplifying cytosolic Ca2+ 

levels. Here we found that the RyR antagonist dantrolene (i.p.) attenuated FPL64176-evoked 
vomiting in a dose-dependent manner. Furthermore, a combination of ineffective doses of 
nifedipine and dantrolene exerted additive antiemetic effects. These findings demonstrate that 
FPL64176-induced emesis is dependent on Ca2+ mobilization involving extracellular Ca2+ 
through LTCCs and Ca2+-permeable 5-HT3Rs, as well as RyR-mediated Ca2+ release from 
intracellular stores, which consequently results in the elevation of the cytoplasmic free Ca2+ 
level, the fundamental mechanism for neurotransmitter release. 
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Title: Muscarinic, nicotinic and GABAergic receptor signaling differentially mediate fat-
conditioned flavor preferences in rats. 

Authors: *F. M. ROTELLA, K. OLSSON, N. MARTINEZ, A. MORDO, I. KOHEN, A. 
AMINOV, J. PAGIRSKY, A. YU, V. VIG, R. J. BODNAR;  
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Abstract: Rats display conditioned flavor preferences (CFP) for fats with previous 
pharmacological analyses revealing that corn oil (CO)-CFP expression was mildly reduced by 
dopamine (DA) D1 or D2 as well as NMDA or opioid receptor antagonists. Acquisition of CO-
CFP was eliminated by NMDA antagonists, and significantly reduced by DA D1 and DA D2, 
but not opioid antagonists. Muscarinic (scopolamine: SCOP) and nicotinic (mecamylamine: 
MEC) cholinergic receptor antagonists and GABAB (baclofen: BAC) receptor agonism reduced 
fructose-CFP expression, and SCOP, but not MEC or BAC eliminated fructose-CFP acquisition. 
The present study examined whether systemic administration of SCOP, MEC or BAC altered the 
expression or acquisition of CO-CFP. For CO-CFP expression, rats were trained over 10 sessions 
with a CS+ flavor in 3.5% CO and a CS- flavor in 0.9% CO. Two-bottle choice tests with CS+ 
and CS- flavors mixed in 0.9% CO occurred following vehicle, SCOP (1, 5, 10 mg/kg), MEC (1, 
6, 8 mg/kg) or BAC (1.5, 3, 5 mg/kg). For CO-CFP acquisition, eight groups of rats received 
vehicle, SCOP (1 or 2.5 mg/kg), MEC (4 or 6 mg/kg), BAC (3 or 5 mg/kg) or a limited intake 
vehicle control 0.5 h prior to 10 CS+ and CS- training sessions followed by six 2-bottle CS+ and 
CS- choice tests in 0.9% CO. CO-CFP expression was significantly but marginally reduced by 
SCOP (5 mg/kg: 70%), MEC (8 mg/kg: 85%) and BAC (3 mg/kg: 74%) relative to vehicle (97-
98%). CO-CFP acquisition was eliminated (41-59%) by SCOP at a dose of 2.5, but not 1, mg/kg, 
and was accompanied by a failure to observe CS+ and CS- intake differences during testing 
relative to vehicle (84-88%) and limited control (91-98%) conditions. In contrast, neither MEC 
nor BAC altered CO-CFP acquisition. These data implicate the muscarinic cholinergic receptor 
system in mediating acquisition (learning) of fat-induced preferences in the same manner that it 
affected acquisition of sugar-induced preferences. 

Disclosures:  F.M. Rotella: None. K. Olsson: None. N. Martinez: None. A. Mordo: None. I. 
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Title: Evidence for Trace Amine-Associated Receptor 1 (TAAR1) as a novel target for 
compulsive binge-eating 

Authors: A. D. HOWELL1, A. FERRAGUD1, M. C. HOENER2, V. SABINO1, *P. 
COTTONE1;  
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Abstract: Binge eating of highly palatable food constitutes a core feature of some forms of 
obesity and eating disorders, as well as of the recently proposed disorder of food addiction. 
Binge eating episodes typically occur in short periods of time, resulting in a high eating rate, and 
are accompanied by loss of control over eating behavior. Trace amine-associated receptor 1 
(TAAR1) is a poorly investigated G protein-coupled receptor expressed throughout the limbic 
system. Growing evidence suggests that TAAR1 agonism may represent a potential 
pharmacological treatment for addictive disorders. Here, we investigated the role of TAAR1 in 
food reward by testing the effects of the TAAR1 agonist RO5256390 on maladaptive feeding 
behaviors. For this purpose, male Wistar rats were trained to obtain a highly palatable, sugary 
diet (Palatable group) or a standard chow diet (Chow group) for 1 h a day, under a fixed ratio 1 
(FR1) schedule of reinforcement. Following escalation and stabilization of food responding, the 
effects of RO5256390 were investigated on: i) binge-like eating of a palatable diet in the FR1 
procedure, ii) excessive eating of a standard chow diet induced by food restriction; iii) eating rate 
measured as inter-food intervals (IFIs), iv) compulsive eating in a light/dark conflict test, v) 
anxiety-like behavior in a defensive withdrawal test, vi) food reward using a conditioned place 
preference test, and vii) food seeking behavior using a second-order schedule of reinforcement. 
Our results show that the TAAR1 agonist RO5256390 blocked binge-like eating in the Palatable 
group without affecting intake of the control Chow fed group. Interestingly, RO5256390 
treatment did not decrease the excessive intake of a standard chow diet in food-restricted rats. In 
addition, the drug treatment selectively reduced the eating rate in binge-eating rats and fully 



blocked compulsive eating, without affecting anxiety-like behavior in Palatable rats. 
Furthermore, administration of the TAAR1 agonist significantly blocked the rewarding effects of 
the palatable food in a conditioned place preference test, without affecting performance in 
controls. Finally, RO5256390 blocked food seeking of palatable food. Altogether, these results 
provide evidence for the involvement of TAAR1 in food reward and propose a novel 
pharmacological treatment for compulsive binge eating. 

Disclosures:  A.D. Howell: None. A. Ferragud: None. M.C. Hoener: A. Employment/Salary 
(full or part-time): Is an employee of F. Hoffmann-La Roche. V. Sabino: None. P. Cottone: C. 
Other Research Support (receipt of drugs, supplies, equipment or other in-kind support); 
Received RO5256390 from F. Hoffmann-La Roche. 
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Abstract: The contribution of high fructose corn syrup (HFCS) to metabolic disorder and 
obesity, independent of high fat, energy rich diets, is controversial. While high fat diets are 
widely accepted as a model of diet induced obesity (DIO) and associated metabolic disorder, the 
value of HFCS alone as a rodent model of DIO is less clear. Though impaired dopamine function 
is associated with obesity, studies examining changes in dopamine function induced by HFD 
have yielded inconsistent results. The effect of chronic HFCS on the dopamine system has not 
been investigated. The objective of this study was to test the effect of both HFCS alone as well 
as HFCS combined with HFD to assess weight gain, glucose regulation, and evoked dopamine 
release using of fast-scan cyclic voltammetry (FSCV) in anesthetized mice. Male and female 
wild-type mice (C57/BL6) received either water or 10% HFCS solution (Best Flavors, HFCS-55) 
along with ad libitum chow for 15 weeks. Mice consumed an average of 13.5 mL/day of HFCS 
solution compared to water consumptions of 3.5 mL/day in control mice, contributing 4 kcal/day 
into their diets. Despite increased caloric load, no significant differences in body weight were 
observed. Mice consuming HFCS exhibit reduced glucose clearance (1 g/kg glucose tolerance 
test), less sensitivity to insulin (0.5 U/kg, insulin tolerance test), and reduced evoked dopamine 



release in the dorsolateral striatum as measured by FSCV. We then tested the effects of adding 
HFCS to traditional HFD (Teklad TD. 06414, 60% calories from fat). Mice on combined HFD-
HFCS exhibited pronounced weight gain with a greater than 60% increase in bodyweight over 15 
weeks compared to controls whose bodyweight increased by only 21%. The HFD-HFCS mice 
exhibited glucose dysregulation and substantially reduced evoked dopamine release compared to 
controls. These data suggest that HFCS can induce metabolic disorder as well as altered 
dopamine function independent of weight gain. The inclusion of HFCS in standard HFD DIO 
model may better emulate current dietary conditions in Western cultures. 
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altered vagal gut brain communication 
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Abstract: While high fat (HF) diet consumption is well-known to play a central role in 
development of obesity, the low-fat/high-sugar diet was one of the major dietary advice in 
1990s-as reflected by the USDA. On the contrary, recently a growing body of evidence has been 
pointing to the inadequacy of the "diet" solution for either weight loss or prevention of metabolic 
syndrome. However, little research has been done to understand the detrimental effect of LF diet 
on health. Our previous studies show that dysbiotic microbiota can alter gut-brain vagal 
communication and feeding behavior. Our present study investigate the effect of both HF and 
LF/high Sugar diet on microbiota composition, gut-brain communication and fat tissue 
accumulation leading to obesity. Specifically, we tested the hypothesis that both the HF and LF 
diet can alter the gut microbiota, induce gut inflammation and alter vagal gut-brain 
communication when compared to control chow diet. Sprague-Dawley rats were fed with either 



HF, LF or control chow diet (RD) for 4 wks. Food intake, body weight and body composition 
were monitored daily and fecal samples were collected weekly. After 4 weeks, animals were 
sacrificed and gut, brain, liver and nodose ganglion were collected. We found that compare to 
RD both HF and LF fed rats significantly increased the amount of body fat. 16S rRNA 
sequencing showed a decrease in total bacterial density and an increase in Firmicutes abundance 
in both HFD and LFD fed rats, compare to RD. HFD and LFD fed rats exhibited an increase in 
cecum and serum LPS and expression of pro-inflammatory cytokines like IL-6, IL-1β and TNFα. 
Gastrointestinal vagal innervation and expression of tight junction protein occludin was 
decreased in both the HFD and LFD rats compare to RD. The analysis of the gut-brain 
communication showed the withdrawal of vagal afferents in the gut and nucleus of the solitary 
tract (NTS). Damaged peripheral nerve branches triggered activation of microglia in the nodose 
ganglia but not at the CNS areas containing motor perikarya and central afferent terminals of 
damaged fibers. Taken together, our study indicates that not only HFD but also consumption of 
low-fat/high-sugar diet induces dysbiosis of gut microbiota, increased gut inflammation, reduces 
gastrointestinal vagal innervation, disrupts tight junctions and alters vagal gut-brain 
communication that is associated with the obese phenotype. 

Disclosures:  T. Sen: None. B.T. Ihde: None. C.R. Cawthon: None. A. Hajnald: None. P.M. 
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Title: Diet-related differences in meal-induced synapsin-1 phosphorylation in the dorsal vagal 
complex. 
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Abstract: Meal size is directly controlled by gastrointestinal signals carried to the brain by vagal 
afferent fibers that synapse in the dorsal vagal complex (DVC) of the hindbrain. Peripheral vagal 
afferent endings are activated by gastric stretch and by gut peptides released in response to 
luminal nutrients. However, we recently reported that peripheral CCK or 4th ventricle 
melanocortin-4 agonists both increase serine phosphorylation of the synaptic vesicle protein, 



synapsin-1, in DVC vagal afferent endings. Phosphorylated synapsin-1 (pSyn-1) increases 
neurotransmitter release probability thereby increasing synaptic fidelity and strength. We also 
reported that DVC pSyn-1 levels are elevated after overnight feeding, and recently have 
observed a positive correlation between the caloric size of the last night-time meal and DVC 
pSyn-1 levels. Collectively, our observations indicate that DVC pSyn-1 levels may be modulated 
by both meal-related GI signals and central signals related to body energy status. To evaluate the 
role of meal-related signals on DVC pSyn-1, we subjected male rats to an overnight fast, and 
then re-fed them a 5g meal of chow (3.01 kcal/g), high-sucrose (3.85 kcal/g), or high-fat/high-
sucrose (4.73 kcal/g) diet, and measured DVC pSyn-1 levels at several time points over a 4-hour 
period. We found that pSyn-1 was significantly elevated at 30 and 60 minutes after both chow 
and high-sucrose meals, but returned to pre-meal levels by 2 hours. Surprisingly, the high-fat 
meal failed into increase pSyn-1 at any time point. To assess the possibility that elevated pSyn-1 
following the chow meal was mediated by activation of vagal afferent MC-4 receptors, we made 
4th ventricle injections of the MC-3/4 antagonist SHU9119 prior to a 5g chow meal. SHU9119 
did not prevent the increase in pSyn-1 following the chow meal indicating that meal-related 
signals trigger increased pSyn-1 by mechanisms not dependent on MC-4 receptor signaling. 
Moreover, our results suggest that high-fat meals may be gram for gram less effective at 
increasing DVC pSyn-1 than low-fat meals. The mechanisms that mediate meal-related 
modulation of DVC pSyn-1 are under ongoing investigation. However, we speculate that 
reduced pSyn-1 following high-fat meals might contribute to over consumption and weight gain 
on high-fat diets. 

Disclosures:  J.S. Nasse: None. R.C. Ritter: None. 
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Abstract: Polymorphisms in the TCF7L2 gene are associated with increased risk of type-2 
diabetes and obesity. TCF7L2 is a co-factor that binds with β-catenin to promote gene 
transcription in the canonical Wnt/β-catenin pathway. Here, we investigated whether β-
catenin/TCF signalling is regulated in the hypothalamus during the normal physiological 
response to food intake. Feeding acutely stablized β-catenin in neurons (increasing detectable 
cytoplasmic levels) in specific regions of the hypothalamus involved in metabolic regulation. 
Elevated β-catenin was associated with increased transcription of several TCF-responsive genes. 
The effect of feeding was mimiced by administration of the GLP1 agonist exendin-4, and was 
characterized by cAMP-dependent phophorylation of β-catenin at serine residues 552 and 675. 
The data suggest that β-catenin/TCF signalling might be involved in nutrient sensing in the 
hypothalamus, highlighting a potential role for altered hypothalamic function contributing to the 
risk of diabetes conferred by polymorphisms of TCF7L2. 
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Abstract: Food is consumed to obtain energy but its sensory properties play an important role in 
the motivation to eat specific types of food. Eating that is driven by hedonic motivation poses a 
challenge to the homeostatic mechanisms that regulate energy balance. The aim of this work was 
to test how palatability might compete out the effects of leptin, a major satiety signal. We 
observed that exogenous leptin loses its efficacy to suppress feeding when mice are presented 
with a palatable food (PF) for a short period (1 h), indicating hedonic overriding of a potent 



satiety signal. To explore the basis of this behavior, we focused on the lateral hypothalamus (LH) 
where leptin normally acts on orexin (OX) neurons to suppress appetite. We found that a short 
exposure to PF upregulates OX expression in both fasted and satiated mice. Interestingly, 
hedonic foods do not interrupt leptin signalling; on the other hand, OX neuron activity, as 
measured by c-fos expression, is not inhibited by leptin in mice exposed to PF. Subsequent 
experiments and analysis revealed the potential role of the galanin receptor 2 in mediating leptin 
actions on OX neurons. These findings suggest that interference with galanin-mediated 
activation of yet unidentified inhibitory inputs to OX neurons contributes to the overriding of 
leptin actions by PF. Alternatively, PF may increase the activity of other orexigenic 
circuits/factors that stimulate OX neurons to such an extent that they become refractory to the 
inhibitory actions of leptin. 

Disclosures:  E. Leidmaa: None. M. Gazea: None. A. Pissioti: None. I. Kallo: None. B. 
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Title: Ghrelin changes food preference from high fat diet to chow in schedule-fed rats. 
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Abstract: Ghrelin is a gut peptide released from the empty stomach that increases food intake. It 
has also been linked to food-related behaviours such as food motivation, food reward and food 
anticipatory activity. Ghrelin levels in the blood are linked to meal pattern, increasing prior to 
feeding. To mimic human meal eating behaviour in animals we used a scheduled feeding (SF) 
paradigm in which rodents have ad libitum access to chow and in addition 2h access to highly 
palatable high fat diet (HFD). Previous studies with this paradigm have shown that both rats and 
mice will rapidly adapt their feeding behaviour and as a result binge-eat on HFD. Here we 



sought to investigate the role of ghrelin during binge-like meal eating induced by SF. We utilised 
a combination of two different animal models: pharmacologically manipulated rats via acute 
administration of ghrelin or genetically modified mice lacking the growth hormone secretagogue 
receptor 1A (GHS-R1A). For acute injections of either ghrelin or vehicle into the lateral ventricle 
(ICV) or intra-VTA, rats were surgically implanted with guide cannulas and then habituated to 
SF for at least 2 weeks prior to injections. GHS-R1A-KO mice and their wildtype (WT) 
littermates were scheduled-fed for 4 weeks. Remarkably and unexpectedly, we found that acutely 
injecting ghrelin ICV or intra-VTA resulted in a shift in food preference from high fat diet 
towards chow during the SF period without altering total daily energy consumption. However an 
increase of body weight was observed after ICV ghrelin. A fasting challenge also led to an 
increase in chow intake during the SF session but HFD intake did not reduce at the same time. 
GHS-R1A-KO mice were able to adapt and maintain large meals of HFD in a similar fashion as 
WT mice suggesting that the ghrelin signalling system may not have a critical role in acquisition 
or maintenance in this kind of feeding behaviour. In conclusion, ghrelin appears to act as a 
modulating factor for binge-like eating behaviour by shifting the food preference towards a 
healthier choice (from HFD to chow), effects that were clearly divergent from fasting. 
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Title: Sleep restriction (4 h of sleep) impairs behaviorally-measured motivation to sham 
consume (sip and spit) a sweet-tasting beverage in healthy women 
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Abstract: Compared to habitual sleep (HS =9h), restricting sleep to 4 h per night (short sleep = 
SS) increases blood flow in response to food images in brain loci (AJCN 2012;95:818, 2012) that 
are active in animals when they encounter rewarding stimuli (Neuroscience 16.865, 2008). In 
order to test the hypothesis that SS may increase the reward value of, and motivation to consume, 
foods or beverages, that would lead to increased energy intake, a novel sham drinking sipping 
task, employing a sipometer (Kissileff, et al, SFN abstracts, 2010) was used. Seven, normal 
weight healthy women (mean BMI = 21.3 ± 0.5 kg/m2 ) were tested on single trial days, after 
undergoing 3 nights of both SS and HS in randomized order. Sleep periods were separated by an 
interval of at least 4 weeks. Before each sleep period, they sampled 5 ml of sweet-tasting (10% 
sucrose equivalent aspartame) or non-sweetened cherry Kool-Aid®, and marked a picture of a 
cup that showed how much they would “want to drink” of each beverage. After each sleep 
condition, 7 h after eating a 500-kcal, high-fat, breakfast, they sham drank these beverages, 
pumped in response to pressure exerted on a straw (a behavioral measure of motivation), in four 
successive, counter-balanced, trials that consisted of 2 minutes of continuous reinforcement and 
unlimited time on a progressive ratio reinforcement schedule (PR) for each beverage. After HS, 
on the PR schedule, cumulative pressure difference between sweet and non-sweet beverage 
increased as the difference in amount wanted in the sampling test increased (slope = 0.33 
PSI/mm ± 0.09, SE = 0.014, r2 =0.73), but during SS, the slope was not significant. Therefore, SS 
blocked the behaviorally-measured motivational response of increased pressure difference 
between sweet and non-sweet beverage, during sipping on the PR schedule. On PR, after HS, 
sham intake difference increased as difference in post-beverage enjoyment rating (150 ml VAS, 
“none at all” to “extremely”) increased, but after SS sham intake, the difference reversed and 
decreased (slope = 0.21 g/mm ± 0.16 SE) as difference in enjoyment rating increased. The 
difference in slopes between the two sleep conditions (0.53 g/mm ± 0.21 SE ) was significant (p 
= 0.03). Therefore, opposite to the hypothesis, SS blunts or reverses the motivation to sham 
consume a sweet beverage. More data are needed to establish the conditional relationships 
among sleep patterns, brain activity, and motivated behavior in humans. 
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Title: Ire1α in Pomc neurons is required for thermogenesis and glycemia 
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Abstract: Whether neuronal inositol-requiring enzyme 1(Ire1) is required 
for the proper regulation of energy balance and glucose homeostasis is unclear.  We found that 
pro-opiomelanocortin (Pomc)-specific deficiency of Ire1α accelerated diet-induced obesity 
concomitant with a decrease in energy expenditure.  This hypometabolic phenotype included 
deficits in thermogenic responses to diet and cold exposure as well as 'beiging' of white adipose 
tissue.  We also demonstrate that loss of Ire1α in Pomc neurons increased hepatic glucose 
production as well as impaired glucose and insulin tolerances.  At the cellular level, deletion of 
Ire1α in Pomc neurons elevated hypothalamic ER stress and predisposed Pomc neurons to leptin 
and insulin resistance.  Together, the current studies extend and confirm conclusions that 
Ire1α/Xbp1s and associated molecular targets link ER stress in arcuate Pomc neurons to aspects 
of normal energy and glucose homeostasis. 
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Title: Preoptic leptin function in energy homeostasis 
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Abstract: Ambient temperature is a strong modulator of both energy expenditure and food 
intake. Activity of neural circuits controlling energy expenditure and food intake are 
concomitantly coordinated by thermosensory inputs to ensure the maintenance of energy balance 
under different temperature conditions. Neurons that express the long isoform of leptin receptor 
(LepRb) in the preoptic area (POA) are stimulated by warm ambient temperature and mediate 
warm-adaptive responses by suppressing energy expenditure and food intake. These same 
neurons are also involved in reproductive functions in female mice by regulating the surge of 
luteinizing hormone in response to leptin. The excitatory neurotransmitter glutamate is central in 
mediating warm responses by POA LepRb neurons, but it is not clear whether POA LepRb 
signaling plays a role during temperature-dependent adaptations. To investigate the function of 
leptin in POA LepRb neurons in energy homeostasis, LepRb was selectively deleted in the POA 
by stereotaxic injection of adeno-associated virus that expresses Cre in LepRb-flox mice 
(LepRbPOA KO). 10-week-long follow-up studies after virus injection under either regular chow 
or high fat diet revealed no significant changes in body weight, food intake, and energy 



expenditure in both male and female LepRbPOA KO mice, compared to control virus-injected 
littermates (by repeated measures ANOVA). However, under high fat diet, the number of 
pSTAT3+ cells in the POA was significantly correlated with the % body weight change at 10 
weeks post injection (by linear regression, r = -0.529, p < 0.05). LepRbPOA KO mice also 
maintained normal core temperature and showed no defect with adjusting the level of energy 
expenditure upon acute ambient temperature changes. Direct electrophysiological recording 
revealed heterogeneous effects of leptin (300nM) on POA LepRb neurons when presynaptic 
inputs were blocked (depolarization: 36%, hyperpolarization: 20%, no change: 44%), and this 
may explain the lack of leptin-induced c-Fos in POA LepRb neurons as a reflection of both 
inhibitory and stimulatory leptin effects. In summary, LepRb signaling in the POA uniquely 
contributes to body weight regulation only under a surplus energy state, in which the circulating 
leptin level is high. We are currently investigating the role of POA LepRb signaling during 
temperature-dependent adaptation of food intake. 
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Abstract: Empathy is an affective response stemming from the understanding of another 
individual's emotional state, allowing one to react to social stimuli with appropriate pro-social 
behaviors. There is increasing support for the idea that a basic form of empathy (i.e. emotional 
contagion) is evolutionarily conserved and shared across mammalian species. Little is known, 
however, about higher forms of empathy or about its neurophysiological mechanisms. In 
humans, intranasal administration of oxytocin, a neuropeptide implicated in a number of social 
behaviors, increases empathy. Recent neuroimaging studies have also shown that observing 



another’s distress elicits activity in the anterior insular cortex. In this study we investigated 
whether the oxytocin system is necessary for the expression of empathic behavior using an 
operant rodent model of empathy. We next asked whether the neural activity of the rat anterior 
insular cortex correlates with the expression of empathy-like behavior. Finally, we assessed 
whether 22 KHz ultrasonic vocalizations, calls emitted by adult rats in aversive situations, were 
sufficient to produce empathy-like behaviors. Animals were trained to obtain food pellets by 
pressing either of two cued levers in an operant chamber. During the empathy test, one of the 
levers was programmed to also deliver a footshock (0.5 mA, 0.5 sec) to a conspecific animal 
which was placed in full view, in an adjacent chamber. Single lever (forced-choice trial) or both 
levers (free-choice trial) were cued throughout the course of testing. We observed that cerebro-
ventricular administration of an antagonist of oxytocin disrupted the expression of empathy-like 
behavior, while the infusion of oxytocin exaggerated it. Electrophysiological recordings revealed 
that the neural activity of the anterior insular cortex decreased during the empathy test. We also 
observed that the playback of 22 KHz calls alone was generally sufficient to produce empathy-
like behaviors in rats that were empathic toward a conspecific. These results give insights in the 
basic neurobiological basis of empathy and could be used to guide research on treatment of 
mental disorders in which empathy is deficient. 
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Abstract: Human magnetic resonance imaging (MRI) studies have associated depression with 
alterations in the function, morphology and connectivity of a distributed corticolimbic circuitry 
including the amygdala, hippocampus, and prefrontal cortex. In parallel, stress-based rodent 
models have provided insight into the disorder’s putative molecular mechanisms. To help bridge 
these complementary lines of research, we used MRI to assess regional brain volume and global 
structural covariance in the unpredictable chronic mild stress (UCMS) mouse model of 
depression. Male BALB/c mice were exposed to six weeks of UCMS and behaviorally 
characterized. High-resolution 7T structural MRI images were collected ex vivo from fixed 
brains (n=12 UCMS-exposed, n=9 controls). Volumetric comparisons between groups were 
carried out for 26 regions of interest (ROIs) pre-selected based on the human depression 
literature. Graph theory analysis using whole-brain (i.e., 155 ROIs) structural covariance metrics 
was applied to assess group differences in overall brain network organization. We evaluated 
mean network strength, mean shortest path length (indicative of global efficiency), and 
transitivity (local clustering), in addition to the degree (i.e., number of connections) and 
connection strength of the regions showing strongest volumetric effects in the previous analysis. 
Permutation testing across a range of density thresholds (5-40%) was applied to assess the 
significance of the observed between-group network attribute differences. UCMS-exposed mice 
showed volume increases in the amygdala, frontal association cortex, prelimibic cortex and 
medial orbital cortex, proportional to behavioral change (p<0.05). Furthermore, stressed animals 
showed a trend toward having a lower average network connection strength and transitivity in 
the 10-35% density range, concurrent with significantly higher degree and connection strength of 
the amygdala at densities greater than 20%. These changes occurred in the absence of any 
difference in shortest path length at any network density. No consistent differences in degree and 
connection strength emerged for the frontal association, prelimbic and medial orbital cortices. 
The increase in amygdala size and connectivity in UCMS is consistent with human work 
showing larger amygdala volumes in first-episode depression or following early life stress. The 
concurrent decrease in mean network connection strength suggests a global reorganization 
pattern favoring the selective strengthening of nodes involved in the avoidance of threat at the 
expense of other nodes of potential behavioral relevance. 
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Abstract: Stress initiates the release of glucocorticoid hormones (GCs) by activating 
hypothalamic-pituitary-adrenal (HPA) axis which then triggers diverse adaptive physiological 
and behavioral responses. During emotionally stressful experience, the ventral hippocampus 
(vHPC) is believed to attenuate the HPA-axis activity by indirectly inhibiting the paraventricular 
nucleus of the hypothalamus (PVN). While much effort has been made to demonstrate the 
inhibitory influence of vHPC on the HPA-axis during psychogenic stress, the underlying neural 
pathway has not been directly examined. Using the pathway specific optogenetic approach in 
mice, we activated vHPC inputs at the anterior hypothalamic nuclei (AHN) during a 30 min-
physical restraint stress and examined its effects on stress-induced anxiety behaviors in the 
elevated plus maze, the successive alleys, and open field tests. We also tested whether this input 
can change basal anxiety level by activating the same pathway in freely moving mice with no 
prior stressor during the same anxiety tests. Our findings suggest that the predominantly 
GABAergic AHN is the functional intermediary structure through which vHPC exerts its 
inhibitory control on both anxiety behaviors and physiological responses such as respiration and 
circulating corticosterone level. Together, these results show an important top-down modulation 
of stress response and anxiety level by the hippocampal-hypothalamic pathway as a key element 
in the central feedback of HPA-axis and inhibitory regulator of negative affect. 
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Abstract: Stress is a powerful experience that effects virtually all animal species. We tested the 
effects of delivering various forms of stress on subsequent fear behavior using an overhead 
looming stimulus assay as our behavioral readout. Interestingly, we found that various forms of 
chronic stress produce an increase in persistent fear responding to the looming stimulus, and that 
this effect is dependent on the type of chronic stressor employed. Given previous results in the 
laboratory indicating a role for various neuromodulators in the looming assay, we were interested 
in exploring the possibility of a larger role for neuromodulators in mediating chronic stress. 
Combining cre-mouse lines crossed to a fluorescent reporter mouse and applying CLARITY to 
map brain-wide neuromodulator expression, we found that chronic stress produces an increase in 
expression of various neuromodulators across brain regions known to encode stress and that this 
increase correlates with the degree of fear persistence produced by each chronic stressor. 
Consistent with these data, we found that various perturbations of these neuromodulatory 
systems in stressed mice was able to block this fear persistence, and that conversely, driving this 
system in unstressed mice was sufficient to induce persistent fear responding. Collectively, our 
data point to a broad role for neuromodulators in the regulation of chronic stress. 
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Abstract: Organic cation transporter-3 (OCT3) are involved in the clearance of monoamines in 
the brain, and are increased during amphetamine withdrawal in several limbic brain regions, 
including the ventral hippocampus, central nucleus of the amygdala and dorsomedial 
hypothalamus. Increased OCT3 expression in the ventral hippocampus in particular has been 
implicated in reduced extracellular serotonin in this region, leading to increased anxiety-like 
behavior in rats. However, the mechanism by which OCT3 expression is increased is not known. 
Expression of other organic cation transporters in peripheral tissue are increased by activation of 



glucocorticoid receptors (GRs) and amphetamine increases the level of corticosterone. Therefore, 
we tested the hypothesis that corticosterone, acting via GRs, increases OCT3 expression in the 
limbic system. Male adult rats were treated for 2 weeks with daily injections of corticosterone 
(40 mg/kg) in the presence or absence of the GR antagonist mifepristone (20 mg/kg), with 
elevated plus maze (EPM) behavior, plasma and brains collected 24 hours following the last 
treatment. Corticosterone treatment decreased time spent in the open arms of the EPM and 
increased OCT3 receptor expression in the ventral hippocampus (but not amygdala, 
hypothalamus or dorsal hippocampus), although these effects were not blocked by GR 
antagonism. Interestingly, mifepristone in the absence of corticosterone treatment reduced 
plasma corticosterone levels, and increased serotonin transporter (SERT) and GR expression in 
the ventral hippocampus, with no effect in the amygdala, hypothalamus or dorsal hippocampus. 
Overall, findings suggest that corticosterone can selectively increase OCT3 receptor expression 
in the ventral hippocampus and increases anxiety-like behavior independent of actions upon 
GRs. This provides a mechanism by which amphetamine or chronic stress may alter monoamine 
reuptake to increase anxiety. 
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Abstract: Anxiety arising during amphetamine withdrawal is associated with drug relapse. In a 
rat model of amphetamine withdrawal, increased anxiety-like behavior is observed alongside 
heightened stress-induced serotonin (5-HT) levels in the central nucleus of the amygdala (CeA) 
when compared to amphetamine-naive rats. Recent studies show that partial 5-HT depletion of 
basal amygdala (BA) that also encompassed the CeA reduces anxiety-like behavior in rats, 



suggesting an anxiogenic effect of 5-HT in these regions. However, it is not known whether 
increased CeA 5-HT is directly related to anxiety-like behavior as observed during amphetamine 
withdrawal. To test this, bilateral cannula were implanted into the BA or CeA of adult male 
Sprague-Dawley rats. Following three days of acclimation to the infusion process, rats were 
bilaterally infused with either vehicle (0.5 µl per side) or paroxetine (0.5 µl of 0.5 µΜ per side) 
to discretely increase 5-HT levels. Forty minutes after the infusion, anxiety-like behavior was 
measured on the elevated plus maze (EPM). Paroxetine infusion into the CeA did not affect time 
spent in the open arms of the EPM as compared to vehicle-infused controls. However, infusion 
of paroxetine into the BA resulted in reduced time in the open arms of the EPM, indicative of 
increased anxiety-like behavior. Overall, the results show a causal relationship between BA but 
not CeA 5-HT and anxiety-like behavior and suggest differential roles of 5-HT in the expression 
of anxiety-like behaviors. Therefore, the effects of amphetamine withdrawal on serotonergic 
activity in the BA should be assessed as a potential locus for increased anxiety during 
withdrawal. 
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Abstract: The coordination of threat detection and appropriate behavioral responses involves 
diverse brain regions within the limbic system and midbrain. Evidence for a rapid-acting 
subcortical pathway for threat processing has been provided by studies of patients with cortical 
blindness who failed to showed a deficit in threat detection. This proposed pathway includes 
midbrain regions (superior colliculus), thalamic nuclei (pulvinar) and limbic structures 
(amygdala). Investigations into this pathway across species have suggested a role for the 
basolateral amygdala (BLA) in mediating the affective response to visual threats. Previous 
studies into this pathway have made use of aspiration or excitotoxic lesions, which produce 



irreversible deficits and may damage nearby structures or tracts. We make use of a 
pharmacological approach, which allows precisely targeted reversible manipulation of a neural 
structure in an awake, behaving animal. We tested the hypothesis that input from the BLA 
mediates fearful defense behaviors in rhesus macaques when confronted with either naturalistic 
or socially relevant threats. Five juvenile male macaques were tested on a behavioral paradigm in 
which neutral stimuli, either a novel object or naturalistic video, and threatening stimuli, either 
taxidermy snakes, unfamiliar human, or unfamiliar conspecific, were presented. The animal’s 
latency to retrieve a food reward from a tray above the stimulus was measured along with the 
time spent looking at the stimulus. Affiliative, defensive, or fearful behavioral responses 
displayed by the animal were also measured. Two of the animals were tested on this paradigm 
after receiving 9 nmol (1 µl at a concentration of 9mM) muscimol, a GABAA agonist, bilaterally 
to the BLA. Animals showed a significant (p<0.05) reduction in latency to retrieve the food 
reward from the threatening stimulus as compared to untreated animals [and as compared to their 
own, untreated baseline session] for both the naturalistic (snake) and socially relevant 
(unfamiliar macaque and human) stimuli. Inhibition of the BLA also produced an alteration in 
behavior directed towards social stimuli in this task as compared to untreated controls. These 
results suggest a role for the BLA as a critical mediator of affect and socially directed behavior 
in the proposed subcortical threat processing pathway. 
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Abstract: The anterior basolateral amygdalar nucleus (BLAa) forms part of the basolateral 
amygdala complex (BLA), which also includes the lateral amygdalar nucleus (LA) and the 
posterior (BLAp) and ventral (BLAv) basolateral nuclei. Most notably, the BLA is known for the 
role it plays in the acquisition and extinction of fearful memories. Its direct connections with 
medial prefrontal cortical areas involved in both fear acquisition and extinction bolster its role in 
the conditioned emotional response. We examined, in detail, the connections of the infralimbic 
(ILA) and prelimbic (PL) cortical areas with the BLA in C57Bl/6J male mice. As part of the 
Mouse Connectome Project (www.MouseConnectome.org), double co-injections of one 
anterograde (PHAL or BDA) and one retrograde (CTb or FG) tracer were made in the ILA 
(PHAL/CTb) and in the PL (BDA/FG). These coinjections clearly revealed the medial and lateral 
aspects of the BLAa. Coinjections in the different subdivisions of the BLAa confirmed these 
connections, revealed their laminar specific connectivity with the medial prefrontal cortex, and 
disclosed their connections with other structures throughout the brain. Tracer injections placed in 
different regions aside from the medial prefrontal cortex, including, but not limited to, the 
anterior cingulate cortex, agranular insular cortex, entorhinal cortex, caudoputamen, and 
olfactory tubercle, clearly demonstrated their unique connections with the medial or lateral 
BLAa, further validating the subdivisions. This structural segregation of the BLAa is indicative 
of its variegated functional relevance, potentially in different aspects of fear learning and 
extinction, which can be interrogated using different advanced technologies. 
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Abstract: The basolateral amygdala (BLA) is a brain region that plays a vital role in associating 
specific environmental stimuli with emotionally salient valence information. Excitatory principal 
neurons (PNs) encode this integrated sensory-valence information (Herry et al, 2008; Paton et al, 
2006; Shabel & Janak, 2009) and send this information to other brain regions to guide behavior 
(Ambroggi et al, 2008; Beyeler et al, 2016; Namburi et al, 2015; Stuber et al, 2011). However, 
inhibitory interneurons (INs) in the BLA gate the activity and plasticity of BLA PNs (Ehrlich et 
al, 2009; Bissière et al, 2003; Woodruff & Sah, 2007). One major source of feedforward 
inhibition to the BLA is the lateral entorhinal cortex (Brothers & Finch, 1985; Mouly & Di 
Scala, 2006), a region of both the olfactory and parahippocampal cortices associated with 
sensory object representation (Keene et al, 2016; Price, 1973; Tsao et al, 2013; Xu & Wilson, 
2012). We hypothesized that entorhinal afferents to the BLA would target distinct populations of 
INs to drive feedforward inhibition of BLA PNs. To test our hypothesis, we performed whole-
cell electrophysiology in horizontal slices of adult mice. To determine the role of entorhinal 
input in modulating BLA circuitry, we electrically stimulated lateral entorhinal cortex while 
recording from neurons in the BLA. Initial results demonstrate that entorhinal afferents reliably 
synapse onto parvalbumin positive INs (15 of 16 cells tested) to drive monosynaptic EPSCs 
(66.0 ± 11.6 pA, 7.2 ± 0.4 msec latency, 0.91 ± 0.23 msec jitter, n = 13 cells). These synaptic 
events are mediated by calcium permeable AMPA receptors (control EPSC: 57.6 ± 3.6 pA, 
100µM Naspm: 44.1 ± 2.7 pA, p = 0.0085 Kolmogorov–Smirnov test, n = 7 cells, 67 control 
EPSC, 83 Naspm EPSC; rectification index = 0.089, n = 2 cells), suggesting that this synapse 
can undergo plastic changes (Mahanty & Sah, 1998; Nissen et al, 2010; Oren et al, 2009; 
Polepalli et al, 2010). Future experiments will test the hypotheses that entorhinal afferents target 
other populations of BLA INs and drive feedforward inhibition in BLA PNs. 
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Title: Anatomy and physiology of the central extended amygdala. 

Authors: *Y. SUN, S. HUNT, L. XU, P. SAH;  
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Abstract: Anxiety disorders represent the most common of psychiatric disorders, affecting 
nearly one in four adults in the population. The central nucleus of the amygdala (CeA), and its 
forebrain target the central sublenticular extended amygdala (SLEAc), two key parts of central 
extended amygdala, have been identified as critical elements of anxiety processing. We have 
studied the neuronal types and synaptic connections within this circuit using slice 
electrophysiological recordings in combination with tract tracing and ex vivo optogenetics in 
mice. Injection of retrograde tracers into the SLEAc revealed that the major projections from the 
CeA to the SLEAc originate in the lateral division of the CeA (CeL). We find that 78% of the 
retrogradely-labelled cells in the CeL expressed somatostatin (SOM). Using SOM-Cre mice we 
selectively expressed channelrhodopsin-2 (ChR2) in SOM+ neurons in the CeL. Whole-cell 
recordings from neurons in the SLEAc demonstrated that optogenetic activation of ChR2-
expressing SOM+ terminals evoked inhibitory synaptic responses in most SLEAc neurons. To 
test reciprocal connections, ChR2 was expressed in neurons in the SLEAc and whole-cell 
recordings were obtained from CeL neurons in acute slices. Photo-activation of terminals in the 
CeL shows that the SLEAc sends feedback projections to the CeL, which is largely GABAergic. 
Together, these results define a reciprocal inhibitory circuit between CeL and SLEAc, which 
prepare the ground to dissect the functional circuitry of CeL-SLEAc and to examine its 
behavioral role in anxiety. 
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Title: Role of the ventral hippocampal projections to the lateral septum in fear and anxiety 
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Dept. of Psychology, Univ. of Toronto, Toronto, ON, Canada 

Abstract: Anxiety behaviour is shaped by a distributed network of forebrain limbic structures, 
including the septum and the hippocampus. In particular, neural inputs arising from the ventral 
hippocampus (vHPC) to the lateral septum (LS) are thought to serve as a key component of the 
anxiety circuit. In the present study, we investigated the behavioural contribution of the vHPC-
LS pathway in modulating anxiety-related behaviours in mice. We targeted the LS-projecting 
vHPC neurons by injecting the retrogradely propagating CAV2-Cre into the LS and injecting 
Cre-responsive AAV (AAV-hSyn-DIO-hM3D (for activation) or hM4D (for inhibition) into the 
vHPC. After CNO injection, the animals were submitted to behavioural test paradigms for 
anxiety: elevated plus maze (EPM), and open field (OF), novelty feeding suppression test 
(NFST) and fear conditioning (FC). The activation of LS-projecting vHPC neurons using hM3D 
increased the open arm time in the EPM without changing the locomotor activity. Similarly, in 
the NFST CNO-treated hM3D mice displayed reduced latency to eat in a novel anxiogenic 
environment with no effect on food intake in the home cage. In the OF, no alterations were 
observed in both locomotor activity and center time. In contrast, the inhibition of LS-projecting 
vHPC neurons using hM4D decreased the open arm time and centre time during the EPM and 
the OF, respectively. In the FC, the activation of the LS-projecting vHPC neurons during the fear 
acquisition reduced the freezing level 24h after the acquisition in the hM3D mice. However, the 
inhibition of the same neuron population did not alter the freezing level in the hM4D mice. In 
summary, our findings demonstrate that the LS-projecting vHPC neurons modulate anxiety-
related behaviours in a bidirectional manner, and their activation can reduce contextual fear 
memory expression. 
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Title: Maternal circuits that respond to mouse pup vocalizations: D2 dopamine and oxytocin 
receptors 

Authors: *J. S. YEOMANS1, B. J. PEREIRA2;  
2Psychology, 1Univ. Toronto, Toronto, ON, Canada 

Abstract: Social communication and bonding are associated with dopamine, oxytocin and 
prolactin signals in many mammalian species. Ultrasonic vocalizations (USVs) in isolated 3-11 
day old rodent pups increase maternal behaviors and hormonal responses: retrieval, licking and 
grooming, nursing, prolactin and oxytocin. Oxytocin projections from hypothalamus to 
dopamine neurons and nucleus accumbens shell are important for social attachments in rats. For 
example, blockade of D2 or oxytocin receptors in nucleus accumbens shell reduces maternal 
responses to pups, and memories of pups (D’Cunha et al., 2011). Oxytocin and D2 receptors are 
colocalized as heteromers in nucleus accumbens shell where both are critical for maternal 
responses (Romero-Fernandez et al., 2013). In mice, D2 dopamine receptor gene deletion 
reduces pup USVs, and maternal retrieval responses and prolactin surges to pup USVs (Curry et 
al., 2013). Both pup and dam D2 genes influence the number of USVs by pups, as shown by 
heterozygous and reciprocal crosses, respectively. Oxytocin receptor gene deletions similarly 
reduce pup USVs and maternal responses to pups (Hidema et al., 2015). Maternal responses to 
pup USVs depend on the dam’s left auditory cortex, where oxytocin receptors improve neuronal 
sensitivity to pup USVs (Marlin et al., 2015). Oxytocin and vasopressin receptors on olfactory, 
amygdala and entorhinal cortex neurons are relevant to social recognition and memory. 
Entorhinal cortex receives sensory information from auditory, olfactory and visual cortex (all 
with oxytocin receptors), and projects to hippocampal CA2 and CA3 pyramidal neurons with 
oxytocin receptors. Oxytocin receptors on medial periaqueductal gray neurons needed for 
vocalizations may improve pup USV production. Therefore, when dams retrieve pups after 
USVs, oxytocin production in the dam’s hypothalamus may facilitate maternal responses via 
dopamine output, pup recognition, bonding and memory via oxytocin neurons that project to 
olfactory, auditory, mesolimbic, amygdala, entorhinal and CA2/3 hippocampal circuits. 
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Title: Use awake rat fMRI to visualise fear memory and weakened fear memory representations 
in the brain 
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Abstract: Functional magnetic resonance imaging (fMRI) is an invaluable and non-invasive tool 
for visualising the emotional and cognitive processes in the brain at the systems level. While 
mostly used in humans, recent studies have made advancement in using fMRI in awake rodents 
to investigate learned behaviours. For example, rodent fMRI has been used to map activated 
brain regions involved in normal, stressed, and genetically modified animal models. This 
provides significant translational value, such as development of pre-clinical models to enhance 
the understanding of brain functions at the network level and to provide biomarkers for drug 
discoveries. Previous studies have investigated the brain circuits involved in visual fear 
conditioning by comparing the circuits in conditioned and unconditioned animals. However, 
several important questions remain to be answered. First, whether fearful memories from 
different sensory domains activate similar brain circuits or are domain specific, and does the 
brain represent fearful and neutral memories differently? Second, which brain areas show 
activity changes when the fear memory is weakened? To answer the first question, we designed 
an olfactory fear conditioning paradigm, which allowed the rats to associate one odour with the 
fear while a second odour remained neutral. We found that the rats showed significantly greater 
freezing when presented with the conditioned odour, compared to the neutral one. They 
underwent brain imagining in the 7T MR scanner. The results showed the BOLD acyivation 
signals were stronger in the amygdala, perirhinal and somatosensory cortex when the animals 
were exposed to the fearful odour than when they were exposed to the neutral odour. To answer 
the second question, we treated rats with a beta-adrenergic blocker, propranolol, shortly after fear 
memory reactivation. This has been shown to be an effective method to weaken the persistence 
of fear memory by blocking memory reconsolidation. The propranolol-treated rats showed 
significant reduction of conditioned fear responses and significant reductions in brain activitation 
compared to control rats. Together, we identified similar fear circuits for fear-conditioned stimuli 
across different sensory domains. Activity changes in these key areas can be used as biomarkers 
for identifying effective drug targets for treating fear-related disorders. 
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Title: Dissecting the role of extended amygdala input to the locus coeruleus in motivated 
behaviors 
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Abstract: Both the Bed Nucleus of the Stria Terminalis (BNST) and the Locus Coeruleus (LC) 
are thought to play integral roles in processing stressful stimuli to subsequently elicit suitable 
behavioral responses. The heterogeneous neuronal populations of the BNST have been shown to 
influence motivated behaviors related to stress, and LC activity is critical for stress-induced 
behavioral responses. However, how these regions interact to modulate motivated behavior is 
unknown. To dissect the interaction between these neuronal populations, we first characterized a 
dense BNST GABA/CRFergic projection to the LC using anterograde and retrograde viral 
tracing. Using an in vivo optogenetic approach, male VGAT-cre mice were injected with a cre-
dependent channelrhodopsin-2 virus (DIO-ChR2-eYFP) in the BNST to selectively target 
GABAergic neurons. We then implanted optic fibers above the LC to specifically activate 
GABAergic BNST terminals in the LC region. Activation of BNST-LCVGAT terminals produced 
frequency-dependent real-time place preference and optical self-stimulation compared to 
controls. These data suggest that the BNST may send GABAergic inputs which inhibit LC 
neurons thereby suppressing norepinephrine release to efferent regions to ultimately elicit 
positively-motivated behavioral responses. We are currently using electrophysiological and 
pharmacological techniques concurrent with BNST-LCVGAT photostimulation to characterize and 
examine the receptors modulating LC activity and in vivo Ca2+ imaging to visualize the network 
dynamics of LC-projecting BNST neurons. 
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Abstract: The central nucleus of the amygdala (CeA) is commonly associated with processing 
negative valance signals to execute aversive behaviour in the context of learnt fear and anorexia. 
Neurons within the mouse CeA that express protein kinase C-δ (PKCδ) induce feeding 
suppression under satiety and malaise conditions and when unpalatable foods are encountered. 
The function of these cells is proposed to be mediated by local inhibitory interactions within the 
CeA. We have identified a population of PKCδ-negative neurons in the CeA that express Htr2a, 
which promote food intake and reward related behaviours. We have used electrophysiological 
and virus-mediated methods to map and test the functionality of the circuits in which CeAPKCδ 

and CeAHtr2a function to antagonistically control food intake. 
Use of mono-synaptic rabies tracing and ChR2-assisted circuit mapping revealed that CeAPKCδ 
and CeAHtr2a neurons reciprocally inhibit each other. We also found that CeAHtr2a and CeAPKCδ 
neurons sit within a network of brain regions that have described roles in food intake and energy 
homeostasis. These neurons also send axons to multiple brain regions including lateral 
hypothalamus, lateral parabrachial nucleus (lPBN), nucleus of the solitary tract and medulla. 
ChR2-assisted circuit mapping revealed strong inhibitory connections from CeAHtr2a neurons to 
lPBN and brain stem. Together, these data suggest that the CeA influences feeding behaviour 
through both local inhibitory connections and long range outputs. Our study has demonstrated 
that not only is the CeA important for mediating aversive behaviours but this region also 
processes appetitive signals to promote reward-related behaviours. 
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Abstract: In a world varying in time and space, exploration of new territories can increase 
inclusive fitness. Exploratory activity is achieved through the progression of a stochastic 
selection of motor actions essential to explore and become familiarized with novelty. Such 
actions are modulated by emotional states. The inability to cope with variable novel situations 
and environments is symptomatic of serious emotional disorders such as anxiety and depression 
in humans. Given that the initiation of specific exploratory actions is sensitive to contextual and 
emotional states, we decided to explore the contribution of limbic brain areas to exploratory 
activity. The amygdala is a well-known limbic structure important for emotional processing that 
projects to the medial parts of striatum involved in action selection. Therefore, we investigated 
the role of amygdala-striatal circuits in action selection computation during exploration. We 
developed a dimensionality emergence assay to investigate differences in exploratory activity in 
a habitual and novel environment, and during the process of habituation. In order to specifically 
target the basolateral portion of amygdala, we characterize a transgenic mouse line specifically 
expressing CRE recombinase in basolateral amygdala. We found that it expresses in pyramidal 
calmodulin kinase II expressing neurons. Using this line, we imaged the Cre defined amygdala 
neuronal ensembles in freely-exploring mice using conditional viral expression of calcium-
sensors in the paradigm described above. Principal cells of basolateral amygdala massively 
project to dorsomedial striatum. The effect of amygdala-striatal projections on locomotor activity 
and the functional connectivity with dopamine receptor 1 and 2 expressing neurons is currently 
being tested using optogentic tools combined with slice electrophysiology. These experiments 
will increase our understanding of the role of a key limbic circuit on processing different 
contextual and emotional information to favor exploratory motor actions. 
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Title: To pee or not to pee: defining a limbic circuit from nose to bladder 
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Abstract: Male mice without previous female experience will reliably countermark (e.g. urinate, 
micturate) when presented with female urine. We aim to unravel the necessary path that 
olfactory information must travel to reach the urinary motor system, which is relatively simple at 
the muscular level. To this end, we have identified the brainstem premotor neurons necessary for 
this behavior, as well as traced their inputs using modified rabies virus. Because these neurons 
are embedded in a larger network of autonomic function, precise manipulations using 
optogenetic and chemogenetic techniques have been necessary to probe animals performing this 
natural behavior. We hope that the combination of a molecularly-defined input and low-
dimensional output in this circuit will ultimately allow a system-level approach to interrogate the 
function of every synapse from nose to bladder, in order to reveal mechanisms of innate 
behaviors in mammals. 
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Title: Do women exhibit greater emotional context effect on eye movements inhibition control? 
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Abstract: Several studies have shown that an efficient inhibitory control promotes emotional 
regulation. Accumulating evidence reveals that emotional stimuli have an impact on cognitive 
processes, either interfering or improving performance in cognitive tasks. Additionally, 
differences between men and women have been reported in different studies, pointing out 
differences in strategies used and underlying neural resources during cognitive and emotional 
processing. The goal of the present study was to identify sexual differences in the effect of 
emotional stimuli on inhibitory control recording eye movements during a Go/No-go task. Forty 
young adults (20 women) participated in the study. Participants had to press a key when the 
arrow in the center of the screen was congruent in color and direction with the bar presented on 
the left or right side of the screen (Go trials, 75%). However, when those conditions were not 
met participants must avoid responding (No/Go trials, 25%). Four conditions were included, two 
non-emotional (no picture, neutral) and two emotional backgrounds (pleasant and unpleasant). 
Eye movements were recorded using a Tobii eye tracker. Three regions of interest were defined 
to measure both number of fixations and duration of each fixation. Behavioral data also included 
reaction time and inhibition errors. Results indicated that the unpleasant context caused a higher 
number of inhibition errors. Besides, a higher percentage and longer duration of fixations in the 
arrow than in the surrounding area was observed under the non-emotional conditions than the 
emotional ones and, the opposite pattern was evident under the emotional conditions. Women 
showed a higher percentage and longer duration of fixations in the surrounding area than men at 
the neutral and emotional contexts. In sum, present results confirm the assumption that emotional 
pictures receive preference attention compared with neutral ones generating more difficulties in 
inhibition processing. This hindering effect is higher in women than in men. 
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Abstract: In our prior work (Zhang et al. 2016) we reported that face-selective regions in the 
human brain differ in their ability to classify facial expressions. Monkeys, like humans, can 
discriminate and classify different categories of expression automatically and effortlessly. Yet 
the ability of the various face-selective regions (‘face patches’) in the monkey brain to 
discriminate between different facial expressions remains unclear. To explore the underlying 
neural computations for this ability across the two primate species, we performed a parallel study 
on macaque monkeys. Here we used fMRI and support vector machine (SVM)-based multi-
voxel pattern analysis to examine the ability of macaque face-selective regions to discriminate 
among different categories of monkey facial expressions. 
Three male macaques were injected with MION before fMRI scanning. A slow event-related 
fMRI experiment was performed in which monkeys viewed 32 monkey face images belonging to 
8 different identities and portraying 4 different expressions: fear grin (fearful), threat 
(aggressive), lip smack (appeasing) and neutral. In separate localizer runs monkeys viewed 
blocks of monkey faces, objects and scrambled images. 
A GLM contrast of faces>objects was used to localize the monkey’s face patches in and around 
the superior temporal sulcus (STS): middle fundus, middle lateral, anterior fundus and anterior 
lateral. The contrast of faces>scrambled images localized face processing in the amygdala. A 
GLM of each monkey face was created and the beta-values were extracted for each face patch 
and the amygdala. A one-versus-others SVM and leave-one-identity-out cross-validation were 
performed to obtain the decoding accuracy rate. 
We found that the decoding accuracy was significant for discriminating fear grin relative to all 
other expressions in the amygdala. For the face patches in the fundus of STS, the decoding 
accuracy was significant for discriminating neutral expressions relative to all emotional 
expressions. These results are comparable to those obtained our earlier study in humans (Zhang 
et al. 2016), where we found the human amygdala to be significant at discriminating fearful faces 
from other expressions and the right STS to be significant at discriminating neutral faces from all 
emotional expressions. 



Taken together, our findings suggest that the different face-selective regions in the monkey brain 
make distinct contributions to the processing of the emotional content within faces. In addition, 
the monkey fundus face patches may play a role analogous to the human STS in discriminating 
neutral faces from emotional ones. 
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Abstract: Emotional facial expressions capture attention [1]. The perceptual or valence nature of 
the capture is still debated [2]. With a widely used face judgment task, we hypothesized that, 
while cognitive control regions should be recruited to maintain task performance [3], a capture 
by valence should activate additional disgust-related regions more consistently than a perceptual 
one. 
Methods  
Young adults (N = 44, 18 F) judged the expression (neutral or disgust) or gender of faces in two 
separate experimental blocks in one fMRI session (3T, TR 2s). Behavioral data were subject to 
two-way repeated measures ANOVA (2 expression: neutral or disgust x 2 task: emotion or 
gender). Similarly, we analyzed brain activation using general linear model and functional 
connectivity using psychophysiological interaction (PPI; SPM8). 
Results 
Participants were accurate in both tasks (> 88%), higher in emotion compared to gender 
condition (p < .001). Response to disgust faces was faster than that of neutral faces during 
emotion judgment but the pattern reversed during gender judgment (interaction p < .001). 
Disgust expression captured attention, with effect contingent on task congruency. 



Interaction effect in activation strength (height p < .001, extent p < .05, unc.) was observed in 
bilateral insula, right inferior frontal gyrus (IFG), left precentral gyrus (PreCG), and right angular 
gyrus (ANG). Activation was greater in disgust than neutral in gender condition while the 
opposite was observed in emotion condition. Insula is implicated in salience detection and 
perceptual evidence accumulation [4], while precentral and angular gyri are involved in 
cognitive control [5]. PPI analysis yielded similar expression-by-task interaction on the 
connectivity between left PreCG and bilateral inferior parietal sulci, and that between right ANG 
and left PreCG and IFG orbital areas, suggesting connectivity changes only in cognitive control 
regions [5]. 
Conclusion 
Attention recruitment was less when expression was task-congruent (emotion), but more when 
incongruent (gender), which may be due to compensation for the capture. The circuit of disgust 
was not particularly engaged, suggesting that the capture may be perceptual in nature. 
Participants might need only the visual facial features [2] for quick decisions even when valence 
information was available. Despite automatic in its processing, the use of emotional information 
is modulated by current goal and context [6]. 
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Title: Studying the function and connectivity of habenular networks in zebrafish brain 
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2Kavli Inst. for Systems Neurosci., 1Norwegian Univ. of Sci. and Technol., Trondheim, Norway; 
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Abstract: The habenula (Hb) is a brain region with increasing popularity due to its strong link to 
addiction, mood disorders and experience dependent fear. We demonstrated that Hb neurons 
respond to odors and light asymmetrically. Moreover, we showed that Hb neurons exhibit 
structured spontaneous activity that is spatially and temporally organized. This spontaneous 
activity resembles neural attractors, which can switch the preferred state of the Hb and regulate 
the transmission of sensory information to downstream monoaminergic brainstem nuclei. In 
order to explore the source of Hb spontaneous activity, we investigate the local connectivity 
within Hb and the global functional inputs to Hb. We showed that recurrent excitatory 
connections within Hb is important for maintaining spatio-temporal organization of Hb activity. 
Moreover, we observed that functional inputs form zebrafish forebrain regions Dm and Dl 
(corresponding to basolateral amygdala and hippocampus respectively) and sensory inputs from 
visual and olfactory systems are the major drivers of spontaneous Hb activity. Our results 
suggested that these limbic and sensory inputs are integrated in Hb in a non-linear fashion and 
can regulate sensory representations in Hb. We propose that Hb lies in the heart of a brain wide 
network and act as “a hub” or “a switchboard”, which can regulate or gate the communication of 
sensory systems and limbic forebrain areas with the monoaminergic brainstem nuclei that control 
animal behaviors. 
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Abstract: Emotional perception involves reciprocal interactions between subcortical and cortical 
structures. Functional magnetic resonance imaging (fMRI) is the dominant technique for 
identifying these structures in humans. Owing to the limited temporal resolution of fMRI, the 
detailed temporal dynamics of emotional processing remains to be further elucidated. We 
recorded electroencephalogram (EEG) in healthy controls and electrocorticogram (ECOG) in 
epilepsy patients during passive viewing of emotion pictures. 40 pleasant (erotica, romantic 
courtship, sport scenes), 40 neutral/calm (house hold scenes, people), and 40 unpleasant 
(mutilation, human violence, attacking animals) pictures, selected from the International 
Affective Picture System (IAPS), was presented in random order. Each picture was shown for 
1000ms. The inter-trial interval (ITI) varied from 6000 to 9000ms. Applying a support vector 
machine (SVM) classifier to single-trial EEG and ECOG data we report the following findings. 
For EEG, the classification accuracy for pleasant versus neutral became significantly above 
chance level at around 220ms post stimulus onset, and reached a peak at around 480 ms. For 
unpleasant versus neutral comparison, the classification accuracy became significantly above 
chance level at around 300ms, and reached a peak at around 520 ms. The main contributing 
electrodes to the classification accuracy were located in occipital, left temporal and right frontal 
areas. For ECOG similar time courses were identified. Sites in broadly distributed brain areas 
contributed to the classification accuracy. Keywords: emotion; single-trial EEG; Ecog; support 
vector machine 
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Title: Neural ensemble dynamics underlying a long-term associative memory 
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1ETH Zurich, Zuerich, Switzerland; 2Friedrich Miescher Inst., Basel, Switzerland; 3Stanford 
Univ., Stanford, CA; 4Allen Brain Inst., Seattle, WA 

Abstract: The brain’s ability to relate different events and stimuli is vital to the formation of 
associative memories. Extensive past research has examined molecular, synaptic and cellular 
level substrates of associative memory, but it remains unclear how large neural ensembles 
encode an associative memory. Using auditory fear conditioning, an established form of 
associative learning, we studied how neural ensembles in the mouse basal and lateral amygdala 
(BLA) represent conditioned and unconditioned stimuli (CS and US) and their learned 
association. To do this we monitored simultaneously the somatic calcium dynamics of ~150-200 
individual BLA neurons per mouse using a miniature, head-mounted fluorescence microscope 
[Ghosh et al.,Nature Methods (2011)]. This approach allowed us to track the cells’ evoked 
responses to the different stimuli throughout a six-day fear conditioning paradigm. Unforeseen 
from prior work that supported a simple synaptic Hebbian model in which a set of BLA ‘fear 
neurons’ encode the memory through potentiation of their CS-evoked responses, the ensemble 
codes revealed a combination of up- and down-regulation of individual cells’ CS-evoked 
responses, which were equally important for storing the learned ensemble CS-US association. As 
mice learned to express conditioned behavioral responses, the ensemble neural representations of 
the CS and US gained in similarity. Throughout learning, the strength of the ensemble-encoded 
CS-US association was predictive of each mouse’s behavioral performance. These findings 
extend the synaptic Hebbian model of associative learning to the neural ensemble level model in 
which activation of the US-representation provides a signal to supervise the transformation of the 
CS-representation. Overall, our results reveal the basic information processing steps by which 
BLA neural ensembles reliably encode a long-term associative memory and may generalize to 
other brain areas and forms of associative learning. Further, our approach to monitoring large 
populations of amygdala neurons opens the door to time-lapse imaging studies of neural coding 
in a brain structure that likely plays a central role in several widespread psychiatric disorders. As 
discussed, we should not write about extinction given that at the behavioral level there was no 
extinction, not even partial extinction. 

Disclosures:  B.F. Grewe: None. J. Gründemann: None. J.D. Marshall: None. J. Lecoq: 
None. L.J. Kitch: None. J. Li: None. F. Grenier: None. A. Lüthi: None. M.J. Schnitzer: E. 
Ownership Interest (stock, stock options, royalty, receipt of intellectual property rights/patent 
holder, excluding diversified mutual funds); Mark J. Schnitzer is a co-founder of and the chief 
scientist of Inscopix Inc., the company that manufacturers the integrated microscope.. 



Poster 

733. Emotion: Information Processing 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 733.07/EEE3 

Topic: G.03. Emotion 

Support: NIMH IRP 

Title: Amygdala preferentially projects to face selective areas in the monkey 

Authors: *A. MESSINGER1, J. M. SEIDLITZ2, C. SPONHEIM1, R. B. H. TOOTELL3, L. G. 
UNGERLEIDER1;  
1Lab. of Brain and Cognition, NIMH, Bethesda, MD; 2Brain Mapping Unit, Univ. of Cambridge, 
Cambridge, United Kingdom; 3Ctr. for Biomed. Imaging, Massachusetts Gen. Hosp., 
Charlestown, MA 

Abstract: In both humans and monkeys, emotional faces evoke greater functional MRI (fMRI) 
responses than neutral faces in the amygdala and in face-selective cortical areas (Pessoa et al. 
2002; Hadj-Bouziane et al., 2008). Amygdala lesions eliminate this emotional modulation and 
impair the discrimination of facial emotions (Hadj-Bouziane et al., 2012; Adolphs et al. 1994). 
Thus, the correct interpretation of emotional facial expressions relies on amygdala feedback to 
face processing areas. 
To map these feedback projections in vivo, we delivered electrical stimulation to specific 
amygdala nuclei in two rhesus monkeys and simultaneously monitored activity at the site of 
stimulation and in anatomically connected areas with fMRI (Tolias et al., 2005). Stimulation in 
the lateral nucleus of the amygdala (7 sites), a structure with primarily afferent projections, 
resulted in activation of the amygdala and the ipsilateral rhinal cortex, temporal pole, 
rostrotemporal auditory cortex, and insula. Stimulation in the ventral portion of the basal nucleus 
(4 sites) produced a similar pattern of activation. In contrast, sites in the dorsal portion of the 
basal nucleus (8 sites), a structure with primarily efferent projections, generated widespread 
bilateral activations that included much of the ventral visual stream, auditory cortex, insula, 
cingulate cortex, orbitofrontal cortex, lateral frontal cortex, and hippocampus. These activations 
reflect feedback projections from the basal nucleus to these areas, several of which have no 
reciprocal projections to the amygdala. 
Stimulating the dorsal basal nucleus significantly activated both face- and object-selective 
regions (i.e., face and object patches) in the ventral visual stream, which were mapped in a 
separate visual fMRI localizer experiment. However, the stimulation-induced signal changes in 
the face patches were at least 40% greater than those in the object patches for both the stimulated 
and contralateral hemisphere in each animal. Thus, the amygdala exerted significantly greater 
influence on activity in ventral visual areas involved in face processing than in areas that process 



inanimate objects (t-test, p<0.01 in each hemisphere). This stronger coupling with face patches 
was observed for all but one of the 8 stimulation sites in the dorsal basal nucleus. We conclude 
that cortical face processing can be particularly modulated by feedback signals from the 
amygdala, which likely convey the emotional state expressed by others and keep the viewer 
attuned to the socially salient features of the face. 
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Abstract: Several studies have shown that the presence of emotional stimuli alters brain 
circuitry. Neuroimaging evidences had affirmed the impaired brain circuitry in patients with 
PTSD during the processing of emotionally valenced word pair. However, it is unclear if 
processing of emotional valence of word-picture pairs affects the psychophysiological state of 
healthy individuals or not. In an on-going study we are investigating the alteration in 
psychophysiological response as a direct effect of emotional valence of the stimuli by comparing 
the relationship between word-picture association by means of subjective ratings and 
physiological responses. This study might be able to bring an insight on contextual relevance of 
word-picture pairing. With this study one might expect that if both word and picture are neutral 
then a slight alteration in the physiological responses is possible. However, if the word is neutral 
while the picture is emotional then one might expect a sudden and heightened change in 
physiological responses compared to the control condition (neutral word-picture pairing). The 
findings may contribute to the therapeutic approach to pathological learning and memory such as 
PTSD. Keywords: word, picture, physiological response, context, emotions 
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Abstract: Emotionally significant stimuli show enhanced neural responses early in sensory 
processing. This allows them to compete more effectively for processing resources and 
emotionally significant task irrelevant stimuli can interfere with task performance and capture 
attention. Prepulse inhibition (PPI) is the phenomenon where a weaker pre-stimulus inhibits the 
reaction to a later stronger startle-eliciting stimulus. The inhibition functions as a protection of 
the processing of the prepulse and is thought of as a measure of an automatic pre-attentive 
process. In the present experiment, the startle-eliciting stimulus was given enhanced emotional 
significance through fear conditioning in order to create a competition between the inhibition 
induced by the prepulse and the emotional salience of the startle-eliciting stimulus. If PPI is 
reduced in this scenario it would be evidence that emotionally salient stimuli interfere with a pre-
attentive process at a short timescale. If PPI is unaffected, it would be evidence that the 
interference of emotionally salient stimuli are reduced by a prepulse. In a pilot study, the group 
receiving paired presentations of the pulse and the electrical stimulation had significantly smaller 
PPI after conditioning compared to before. Pilot data and data from main study will be presented. 
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Title: Impacts of motivational, associated, and inherent emotional valence on face processing: 
evidence from event-related brain potentials (ERPs) 
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Abstract: Many studies indicate a tight relationship between cognition, emotion and motivation. 
Emotional as well as motivational factors have been demonstrated to modulate the processing of 
sensory stimuli at various processing stages, ranging from initial perception to elaborate stimulus 
evaluation. There is growing evidence that stimuli of emotional and motivational valence are 
preferentially processed, which is reflected not only on a behavioral but also on a neural level. 
Recently, it has been proposed that this processing advantage is not limited to stimuli with 
emotional content - inherently neutral stimuli also have been shown to acquire increased salience 
through motivational context and learning mechanisms. In the present study, we aimed at 
disentangling impacts of motivational, associated, and inherent emotional salience on face 
perception by means of event-related brain potentials (ERPs). During a learning session, 
participants (N=36) performed a prime-target face-matching task while emotionally neutral 
target faces were associated with monetary gain, loss or zero outcome, contingent on the 
matching task performance. Reward conditions were indicated by cues prior to the subliminally 
presented prime faces. On the following day, participants performed the same task, without 
monetary feedback, on the previously seen faces and, in addition, on unfamiliar faces showing 
happy, angry, or neutral expressions. Motivational, associated, and inherent salience types 
modulated morphologically similar ERP components starting around 200 ms after target onset, 
i.e. the Early Posterior Negativity (EPN) and the Late Positive Complex (LPC). In the learning 
session, both positive (gain) and negative (loss) motivational valence similarly boosted EPN and 
LPC, indicating enhanced attention to and elaborate processing of target faces with incentive 
value. In the test session, ERPs to associated negative salience were of reduced amplitudes 
during the delayed testing, whereas ERPs to unfamiliar faces indicated a processing bias towards 
angry faces. Together, our findings demonstrate qualitatively differential impacts of 
motivational, associated and inherent emotional valence on face perception. 
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Title: Frontal theta asymmetry and heart rate differentiate between emotional states in infants 
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Abstract: Emotions dominate behavior. They are genetically predetermined and likely linked to 
specific brain modes of information processing. Here, we attempt to differentiate basic emotions 
by examining not only behavioral expression, but also central nervous system EEG activity and 
heart rate during emotional states in 4 to 6 month old infants. This age group provides a unique 
condition where positive and negative emotions are robustly expressed but where other cognitive 
faculties (i.e. language) that could mask emotions, are not yet highly developed. In this 
experiment, a social interaction paradigm was used to elicit the infant’s emotional response in 5 
naturalistic conditions, which were designed to evoke either positive or negative emotions. We 
hypothesized that behavioral differences in positive, neutral, and negative emotional states 
(which were identified by facial, vocal, and motor behavioral criteria) would lead to distinct 
changes in EEG rhythms and heart rate. An analysis of brain region (frontal, central, and 
parietal) and EEG power in the delta, slow theta (3-5 Hz), fast theta (5.5-7 Hz), alpha, and beta 
bands showed that emotional state had widespread influences on cortical activity, where negative 
states specifically were associated with high power across most EEG bands. Indeed, only frontal 
activity significantly differentiated between all three emotional states, with fast theta playing an 
integral role by discriminating between neutral and positive emotional states, such that positive 
emotion was accompanied by greater fast theta power. Based on these results, and because 
previous research suggests theta is involved in emotional processing, frontal asymmetry within 
the slow and fast theta bands was investigated. Interestingly, frontal asymmetry in these bands 
together differentiated between negative, neutral and positive states. While negative and positive 
states were associated with relatively more slow and fast theta power in the frontal left 
hemisphere, a neutral emotional state was related to greater fast theta power in the right 
hemisphere. Heart rate, on the other hand, was higher during negative emotional states but did 



not differ between neutral and positive states. We conclude that positive and negative emotions 
manifest in robust changes in EEG theta power and hemispheric asymmetry, together with heart 
rate changes, already very early in life. Emotions appear to be genuinely connected to specific 
brain modes of information processing. 
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Abstract: The aim of this study is to develop an approach to evaluation of a biologically 
inspired, causal model of cognition that exposes the functional requirements for achieving 
emotional intelligence and makes testable predictions for neurophysiological measures. A theory 
of how concepts are represented in the human brain should specify (a) the structure and 
semantics of concept representations in the brain, and (b) types, formats and specific patterns of 
neuronal activity instantiating these representations. The key to a biologically-informed human 
brain model begins with the mapping of (a) to (b): in our case, of the emotional Biologically 
Inspired Cognitive Architecture (eBICA: Samsonovich, BICA, 2013) to informative features and 
characteristics of brain activity. The eBICA model is based on three main extensions of the 
standard building blocks of a cognitive architecture: a moral schema, an emotional state, and an 
emotional appraisal that is attributed to every cognitive representation in this model and 
determines dynamics of learning and decision making. The general cognitive cycle of eBICA 
includes perception, cognition, decision making and learning. The values of emotional appraisals 
and emotional states are sampled from the weak cognitive map (Samsonovich and Ascoli, 2010), 
which uses an abstract vector space to represent semantic relations among mental states, schemas 



and their instances. This model is tentatively mapped onto the human brain, which allows us to 
test assumptions and predictions of the model; specifically, mechanisms of emotional thinking 
underlying behavior generation. The eBICA model can be validated based on this approach via 
comparison of the computational model behavior, the human participant behavior, and the 
localized non-invasive brain imaging data. The latter include fMRI, EEG, eye-tracking, ECG, 
EMG, and other psychophysiological measures. Methods involve the dynamic connectivity 
calculation and the use of regressors based on EEG and eye-tracking data. In an fMRI study, 
effective connectivity can be measured using Structural Equation Modeling, Granger Causality 
Analysis, Transfer Entropy and Dynamic Causal Modeling. The recording and analysis of eye 
movements provides access to the rapid unconcscious information processing. This approach has 
been applied to fMRI data collected in our study, representing human brain activity during 
cognitive tasks modulated by emotional state of the subject. 
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Abstract: Alexithymia has been defined as the difficulty or inability of distinguishing, 
identifying, or expressing emotions (Kooiman, Spinhoven & Trijsburg, 2002). Previous research 
has demonstrated that individuals with high degrees of alexithymia (HDA) show an early 
processing deficit compared to individuals with low degrees of alexithymia (LDA) by focusing 
on P100 and P300 peaks in Event-Related Potential (ERP) patterns (Pollatos & Gramann, 2011). 
However, few attempts have been made to explore differences in the amplitude of N250 between 
individuals with high or low degrees of alexithymia, although past literature has shown that 
N250 is closely related to facial affect processing (Nasr & Esteky, 2009). The main purpose of 
the current study was to further explore differences in Event-Related Potential (ERP) patterns 
between individuals with HDA or LDA by focusing on the N250 peak. In this study, a total of 15 
participants (6 low and 9 high) were selected based on their performance on the Toronto 



Alexithymia Scale (Bagby et al., 1994) from the initial pool of 683 college students. In an 
individual session, a total of 11 electrodes were manually placed on a participant’s head (PZ, CZ, 
and FZ) and face using the 10-20 international system. Each participant was instructed to 
identify emotion expressions shown on a computer screen either in the half or whole face 
condition. A total of 42 faces taken from the NimStim Face Stimulus Set (Tottenham et al., 
2002) were used. The faces expressing six basic emotions (happy, fear, anger, disgust, surprise, 
sad) were presented either in the whole or half face condition. In the half condition, either the top 
or bottom half of the face was shown. The results of the current study showed that there was a 
significant 3-way interaction effect among face (whole vs. half) x condition (HDA vs. LDA) x 
location (PZ, CZ, and FZ) on the amplitudes of N250, F (2, 14) = 3.91, p = .045. This significant 
effect means that individuals with HDA (M = -5.68, SE = 3.52) tended to put more cognitive 
effort at the FZ site to configure emotion expressions from the half faces compared to the 
individuals with LDA (M = -1.37, SE = 3.94). This trend implies that the individuals with HDA 
need more later cognitive processes to configure emotion expressions, especially when facial 
information is limited. Keywords: alexithymia, ERP, HDA/LDA, TAS-20 
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Abstract: Recent theories suggest that emotions influence decision making by modulating the 
ability to learn the value of information in uncertain environments. However, the computational 
and neural mechanisms by which emotions modulate learning the value of information are still 
unclear. Here, we exploit recent advances in computational modeling to fill this gap. Human 
participants (N=44) underwent functional magnetic resonance imaging while performing a task 
requiring them to learn contingencies between face cues and financial outcomes. The emotional 
content of the face cues and the rate of change of the contingencies were independently 
manipulated. Participants processed emotional contents of cues and distinguished between 



stochastic and systematic changes in task contingencies, as quantified with a Bayesian 
hierarchical learning model. Seeing angry faces made participants less sensitive to the causal 
statistics of changes in the environment, reducing their estimates of volatility. Neural signals 
associated with volatility-learning, in the right lateral prefrontal cortex (LPFC), were also 
disrupted. In contrast, seeing angry faces increased neural signals tracking volatility in the 
anterior cingulate cortex (ACC) and its volatility-dependent connectivity with the striatum. The 
change in ACC volatility-tracking induced by seeing angry faces was negatively correlated, 
across individuals, with the disruption in behavioral estimates of volatility. This observation 
suggests that ACC might partially compensate for that disruption in volatility tracking. 
Consistent with the opposite contributions of LPFC and ACC to volatility processing, volatility-
tracking signal in ACC and volatility-learning signal in LPFC changed in opposite directions as a 
function of anger-induced changes in behavioral performance. These complementary and 
hierarchically-organized neurocomputational effects indicate that anger perception influences 
human decision-making by modulating higher-order computations related to learning value of 
information in uncertain environments. This study opens the way to formally characterize how 
psychiatric alterations of emotional processing change human decision making. 
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Title: P300 differences in emotion recognition between deaf signers and hearing non-signers 
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Abstract: It has been speculated that hearing impairment and early adoption of American Sign 
Language (ASL) should affect the development of basic mechanisms of face perception among 
deaf signers (Letourneau & Mitchell, 2011). The lack of auditory information may make deaf 
signers rely unduly on visual cues in order to recognize faces and emotional states. In addition to 
this, deaf signers should constantly pay attention to facial expressions (e.g., changes in eyebrow 



or mouth shapes) because ASL employs a number of facial expressions as crucial linguistic 
components of communication (Letourneau, Maslin 2013). Due to this unique behavioral 
practice among deaf signers, it has been suspected that deaf signers might process facial 
information somewhat differently compared to normal hearing nonsigners. The current study was 
designed to further explore the findings from Letourneau and Mitchell’s study (2011) using 
ERPs, focusing on the P300 component. The main purpose of the current study was to explore 
the differences in latencies and amplitudes of P300 between deaf signers and hearing non-
signers, while they engaged in an emotion recognition test. Two emotion recognition tasks were 
administered to 14 deaf and 27 normally hearing college students, one with 42 full faces and 
another with 42 half faces, while their ERPs were recorded. The correct responses of the emotion 
recognition test were also recorded. 
The results of the current study showed that there was a significant main effect of face on 
amplitude, F (1, 39) = 13.23, p < .001. For both deaf and hearing group, they significantly had 
greater amplitudes in the half face condition in comparison to the whole face condition. There 
was also a significant main effect of hearing condition on latency, F (1, 39) = 5.39, p =.026. The 
deaf group had a longer latency than the hearing group. The longer latency of P300 among deaf 
participants implied that they had more difficulty to configure emotional expressions than the 
other group. This difficulty was reflected in their performance on the emotion recognition test. 
The results of the analyses on the correct responses of half faces showed that deaf participants 
tended to have more difficulties to configure facial expressions than the normally hearing 
participants, t (39) = 1.71, p = .095. The significance and implication of the findings were 
discussed in details, focusing on the impact of ASL and deafness on emotion information 
processing. This research was supported by a grant from the National Institute of Mental Health 
5SC2MH087466-02 and MARC/MBRS Program. 
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Title: Non-edited isoform of 5-HT2C receptor affects NPY expression in the nucleus accumbens 
and behavioral despair in mice 
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Abstract: Serotonin 2C receptors (5-HT2CR) are widely expressed in the central nervous system, 
and are associated with various neural functions such as emotion, food intake, dependence and 
stress response. 5-HT2CR mRNA is known to undergo adenosine-to-inosine RNA editing at five 
sites within its coding sequence, resulting in expression of 24 different isoforms. Several edited 
isoforms show reduced activity. This fact suggests that RNA editing can modulate serotonergic 
systems in the brain with causative relevance to neuropsychiatric disorders. Transgenic mice 
solely expressing the non-edited 5-HT2CR INI-isoform (INI-mice) or the fully edited VGV-
isoform (VGV-mice) exhibit various phenotypes including metabolic abnormalities, aggressive 
behavior, anxiety-like behavior, and depression-like behavior. Here, we examined the behavioral 
phenotype and molecular changes of INI-mice on a C57BL/6J background. INI-mice showed an 
enhanced behavioral despair in the forced swimming test (FST), elevated sensitivity to the 
tricyclic antidepressant, desipramine, and significantly decreased 5-HT in the nucleus accumbens 
(NAc), amygdala, and striatum. They also showed reduced expression of neuropeptide Y (NPY) 
mRNA in the NAc and its expression level in wild type (WT)-mice was decreased after 5-HT2CR 
selective agonist, WAY-629. However immobility time in FST was not significantly changed 
after microinjection of NPY or NPY-Y1 receptor agonist, [Leu31, Pro34]-NPY, were 
bilaterally microinjected into the NAc of WT- or INI-mice. Next we examined FST after 
increased NPY mRNA by stereotactic injection of adeno-associated virus encoding NPY into the 
NAc, and demonstrated that accumbal NPY overexpression decreased immobility time. Our 
results suggest that accumbal NPY expression may be regulated by 5-HT2CR RNA editing, and 
its impairment may be linked to mood disorders. 
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Title: Respiratory synchronized activations of olfactory processing in the limbic system 
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Abstract: Olfaction is dependent on respiration for the delivery of odorants to the nasal cavity. 
Taking advantage of the time-locked nature of inspiration and olfactory processing, 
electroencephalogram dipole modeling (EEG/DT) has previously been used to identify a cascade 
of inspiration-triggered neural activity moving from primary limbic olfactory regions to frontal 
cortical areas during odor perception. In this study, we combined functional magnetic resonance 
imaging (fMRI) and EEG in order to re-examine the neural cascade model of human olfactory 
processing higher spatial and temporal resolution. Twenty right-handed healthy volunteers 
participated in this study. This study was approved by the ethics committee of Showa University 
School of Medicine and all participants provided informed consent. The fMRI study was divided 
into 2 sessions/runs: (i) periods of pleasant odor interleaved with unscented air, and (ii) periods 
of no-odor interleaved with unscented air. Each session comprised 5 unscented and 5 scented 
blocks or no-odor blocks, with a duration of 30s each. Subjects were instructed to breathe 
normally throughout the experiment. Statistical analysis of fMRI data was performed using 
statistical parametric mapping (SPM12) software, and Drifter toolbox installed in SPM8 was 
used to remove physiological noises of respiration and cardiac signals from fMRI-BOLD signals. 
Inspiration-related fMRI activations during olfaction stimuli were observed in the primary 
olfactory areas including piriform cortex, amygdala, entorhinal cortex and hippocampus. Brain 
activation identified by both modalities converged within same olfaction-related areas, and 
EEG/DT was additionally provided that the primary olfactory regions activated occurring 
approximately 50ms-100ms post-inspiration, and the orbitofrontal cortex that were activated 
from approximately 150ms to 300ms after inspiration onset. These results provide a partial 
validation of the spatial profile of the olfactory cascade identified by EEG source modeling, and 
inform novel future directions in the investigation of human olfaction. 
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Abstract: Stress perturbs psychological and physiological balance of an individual. Exposure to 
prolonged stress can lead to depression. Nevertheless, some individuals are more resilient to 
stress than the others. In our present study we used Chronic Mild Stress (CMS) paradigm - well 
characterized animal model of depression. Chronic exposure of rats to unpredictable mild 
stressors caused behavioral deficits (anhedonia) manifested by decreased consumption of a 
palatable 1% sucrose solution (significant effect of stress F2,129 =72.42; p<0.0001, time 
F2,129=14.57; p<0.0001 and stress x time F4,129=26.57; p<0.0001 vs control). Moreover, CMS 
generated a proportion of animals demonstrating resilience manifested as not altered 
consumption of sucrose solution despite being stressed. Thus, CMS model mimic natural variety 
in behavioral response to stress observed among people because not all subjects experiencing 
chronic stress develop depression. Recently, epigenetic regulation of a gene expression 
associated with microRNA (miRNA) is considered as an important factor modulating 
biochemical response to stress. In our present study, based on our previous work and literature 
survey, we investigated changes in the expression level of 7 miRNAs (i.e. miR-18a-5p, miR-34a-
5p, miR-135a-5p, miR-195-5p, miR-320-3p, miR-674-3p, miR-872-5p) in mesocortical circuit - 
crucially involved in stress response in order to find differences between stress susceptible 
(anhedonic) and resilient phenotype. Our bioinformatic analysis using MirWalk2.0 software 
showed that all miRNAs of interest have a potential to regulate serotonin transporter (SERT) 
expression. RT-qPCR analysis revealed that exposure to 2 weeks of CMS caused global increase 
in the expression of measured miRNAs in ventral tegmental area (VTA) of stressed rats followed 
by parallel decrease in miRNA expression in prefrontal cortex (PCx). This effect was more 
profound in resilient animals than in anhedonic ones. Next, we examined binding of 
[3H]paroxetine to SERT to check whether global changes in the expression of miRNAs 
potentially regulating SERT may be associated with altered SERT expression in vivo. After 2 



weeks of CMS we observed decreased level of SERT in VTA of resilient rats (F2,11= 9.15, p< 
0.01 vs control and anhedonic). Our findings show that mesocortical circuit is involved in the 
response to a challenging conditions and this phenomenon is more efficient in resilient animals. 
This response is shown at the level of miRNA expression what, in turn, influenced downstream 
biochemical pathway associated with SERT expression. This work was supported by the NCN 
grant UMO-2012/07/B/NZ7/01164, Poland. 
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Title: Contrasting expression patterns of inflammation-related genes in mouse models of 
depression and psychosis 
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Abstract: Previously, we showed the existence of pseudo-immature brain cell states in the 
dentate gyrus (DG) of mouse models of psychiatric disorders, including schizophrenia and 
bipolar disorder. It was also demonstrated that some brain cells can undergo rejuvenation in 
response to the external stimulation, such as treatment with antidepressant (fluoxetine; FLX), 
pilocarpine-induced seizure, and physiological stimulation. Pseudo-immature brain cell states are 
often associated with inflammation. Recently, via bioinformatics analysis, we indicated 
transcriptomic “hypermaturity” in the DG of mice overexpressing the glucocorticoid receptor 
(GRov mice), which show increased depression-like and anxiety-like behaviors and are 
considered potential animal models for mood disorders, and the hippocampus of the glutamate 
dehydrogenase 1 (Glud1) transgenic mice and mice treated with PF-04447943, a selective 
phosphodiesterase-9 (PDE9) inhibitor. However, it is largely unknown whether there is any 
common molecular basis for “hypermature” and pseudo-immature brains. Here, we compared 
genome-wide gene expressions in the DG of GRov mice with those in inflammation by using a 
bioinformatics tool, NextBio. The gene expression patterns in the DG of GRov mice showed 



statistically significant similarity to those in the inflammation-associated events, such as 
poly(I:C) infection and colitis. Among genes that were upregulated or downregulated in 
“hypermature” brains, there were significant enrichments in signal pathways related to 
inflammation and immune reactions. Both these enrichments were also observed for pseudo-
immature brains. Of the inflammation and immune-related genes in the pseudo-immature brains, 
the number of upregulated genes was significantly greater than that of downregulated genes. In 
contrast, in the “hypermature” brains, downregulations were dominant to upregulations in the 
inflammation and immune-related genes. These observations indicate that inflammation is 
commonly involved in both pseudo-immature and “hypermature” brains, and each of them may 
represent unique inflammation-related events. 
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Title: Role of dendritic-targeting bdnf transcripts on depression- and stress-associated phenotype 
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Abstract: Introduction. A parallel downregulation of brain-derived neurotrophic factor (BDNF) 
and somatostatin (SST), a marker of inhibitory γ-amino-butyric acid (GABA) interneurons which 
target pyramidal cell dendrites, has been reported in multiple brain areas of subjects with brain 
disorders, including major depressive disorder (MDD). Our previous study revealed that BDNF 
transcripts with long 3’ untranslated region (3’ UTR), which have been reported to migrate to 
distal dendrites, are selectively downregulated and highly correlated with markers of dendritic-
targeting interneurons including SST, in the prefrontal cortex of MDD subjects and of 
chronically stressed mice. The aim of this study is to investigate if altered dendritic BDNF is 
causal to the MDD- and stress-associated molecular, structural and behavioral changes. Methods. 
Using small hairpin RNA (shRNA) targeting long 3’ UTR of BDNF mRNA, we knocked down 
dendritic BDNF transcripts in primary mouse cortical neurons and measured total length, number 
of segments of dendrites. AAV expressing BDNF long 3’ UTR targeting shRNA or scrambled 



shRNA were injected into the mPFC of male C57BL/6J mice and changes of MDD-associated 
synaptic gene expression and depressive-/anxiety-like behavior were analyzed. Results. 
Suppression of long 3’ UTR (+) BDNF mRNA decreased the length of dendrite of primary 
cortical neurons without changing number of dendritic segments. BDNF long 3’ UTR as well as 
total BDNF level were significantly reduced in post-surgery week 4, and SST level was changed 
along with BDNF mRNAs in week 6. Gene manipulation exacerbated depressive- and anxiety-
like behavior in mice in response to stress. Conclusions. Knockdown of dendritic BDNF 
recapitulated MDD- and chronic stress-associated phenotypes, namely impaired integrity of 
distal dendrites, increased behavioral emotionality and reduced SST gene expression. These 
findings provide evidence for a novel pathogenic mechanism in MDD linking local neurotrophic 
support, pyramidal cell structure and dendritic inhibition. 
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correlation with behavioral phenotype 
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Abstract: Major depressive disorder (MDD) is a complex pathology where multiple cell-specific 
pathways interact to produce heterogeneous phenotypes. Growing evidence shows that MDD is 
associated with molecular changes within GABA cells, astrocytes and synapses in the prefrontal 
cortex (PFC). Similar changes are reported in stress-based rodent models of depression. GABA 
cells and astrocytes are closely interacting to regulate synaptic neurotransmission. However the 
sequence of changes affecting these compartments is poorly understood in the context of MDD. 



Here, we aim to identify dynamic changes in cell type markers during chronic stress exposure 
and their correlations with the onset of depressive-like behaviors. Using the chronic restraint 
stress (CRS) paradigm (1h restraint stress, 2 x day) in C57/BL6 male and female mice, we 
determined CRS effects on behavior at different time points (1 to 5 weeks) and on the expression 
of markers for GABA cells, astrocytes and synapses. We assessed the progressive CRS effects 
on anxiety-like behavior (acute response to a 1h spotlight stressor in home cage-like setting), 
anhedonia-like deficits and coat deterioration. Characterization of the cellular alterations induced 
by CRS was performed using western blot and qPCR on PFC samples. Results show that CRS 
induced time-dependent deficits in anxiety-like and anhedonia-like behavior. Indeed, CRS-
exposed mice exhibit an increase in latency to normalise to control level after the light challenge. 
This residual avoidance behavior was significant after 1, 2 and 5 weeks of CRS. Moreover, CRS 
induced a time dependent increase in anhedonia-like behavior assessed by a reduction of sucrose 
consumption significant from the 3rd week of CRS. At the cellular level, western blot analysis 
confirmed the reductions in GABAergic (GAD67), astrocytic (GFAP, glutamine synthetase 
(GS)) and synaptic (PSD-95, Syn1) markers following 5 weeks of CRS. Preliminary analyses 
suggest that GFAP and GS expression profile correlates with anhedonia-like deficits trajectory, 
while GAD67 expression follows the increased avoidance phenotype in response to acute stress 
challenge. In addition, synaptic markers progressively decreased over the course of the CRS 
exposure. Ongoing experiments will confirm these dynamic changes using qPCR and extend this 
study to GABA neuron subtypes and other astrocytic and synaptic markers. Here we confirm that 
chronic stress is a multiphasic process engaging short-term changes that progressively lead to a 
pathological state. Our results suggest that different cellular systems are altered at those stages, 
in parallel to different behavioral outcomes. 
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Title: Behavioral and metabolic characterization in subchronic social defeat model of mice 
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Abstract: Previously, we developed a depression model of mice using the paradigm of 
subchronic mild social defeat stress (sCSDS) (Goto et al., Behav Brain Res 2014). sCSDS mice 
(C57BL/6J, male) showed increased body weight gain, polydipsia, and social avoidance. Also, 
sCSDS mice severely delayed nest building process (Otabi et al., Behav Process 2016). The 
social avoidance behavior in sCSDS mice were affected by the diet purity, namely sCSDS mice 
fed non-purified diet (MF, Oriental Yeast, Japan) showed more resilience compared to sCSDS 
mice fed purified diet (AIN-93G, Oriental Yeast) (Goto et al., Nutr Neurosci in press). To assess 
these underlying mechanisms, metabolites in plasma, liver, and cecum digesta of sCSDS mice 
were analyzed by metabolomics using a gas chromatography-mass spectrometry system under 
two different feeding conditions, purified pellet diet (AIN-93G) and non-purified pellet diet 
(MF). Four test groups were set as 'sCSDS + AIN-93G diet', 'sCSDS + MF diet', 'control 
(without sCSDS) + AIN-93G diet', and 'control + MF diet'. The sCSDS mice were produced as 
previously. Two-way ANOVA were used to compare the factors ‘stress’, ‘food’, and ‘stress × 
food’. To control the p-value for multiple comparisons, the false discovery rate was determined. 
The significance threshold was set at Q < 0.1. Metabolome analysis revealed that the diet effect 
on metabolites is larger than the stress effect. Namely, 22, 27, and 31 of metabolites in plasma, 
liver, and cecum, respectively, were significantly changed by diet, while 8 and 5 of metabolites 
were significantly changed by sCSDS in plasma and liver, respectively. Also, in the interaction 
of stress and diet, 5 and 1 of metabolites were significantly changed in plasma and cecum, 
respectively. Possibly, these metabolites have important roles in resiliency and vulnerability to 
psychosocial stress, which will be assessed in the future study. 

Disclosures:  A. Toyoda: None. T. Goto: None. H. Otabi: None. S. Tomonaga: None. D. 
Kohari: None. T. Okayama: None. 

Poster 

734. Biomarkers for Animal Models of Depression 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 734.06/FFF5 

Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Support: Délégation Générale à l’Armement (DGA) 



 Fédération pour la Recherche sur le Cerveau (FRC) 

 Institut National de la Santé et de la Recherche Médicale (INSERM) 

 Université Pierre et Marie Curie (UPMC) 

Title: Electroencephalographic biomarkers for vulnerability to depression in the rat. 
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Abstract: After exposure to a highly stressful situation, some individuals become at high-risk to 
develop depression later in life. A low serum Brain Derived Neurotrophic Factor (sBDNF) level 
one month after stress exposure signs this state of vulnerability in both rodents and Human. We 
used electroencephalograms (EEG) recorded during active waking periods to test for the 
presence of predictive EEG biomarkers of vulnerability to depression before a highly stressful 
situation in rats. EEG and sBDNF were analyzed before (Baseline), 5 (Post-stress) and 31 days 
(Recovery) after social defeat (SD) in 43 rats. We show that future vulnerable animals could 
readily be identified before SD by higher high theta and alpha spectral relative powers and lower 
beta-2 main peak frequency. These differences were maintained after SD. Low beta-2 main peak 
frequency was predictive of future vulnerability. Such biomarker could easily be used to identify 
human populations at-risk for depression. 
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Abstract: Major depressive disorder (MDD) is a severe mental illness characterized by low 
mood, anhedonia, and often associated with heightened anxiety. Human magnetic resonance 
imaging (MRI) studies have described structural alterations in key brain regions involved in 
MDD including amygdala, hippocampus, and prefrontal cortex. Parallel studies in stress-based 
rodent models have provided insight into the putative molecular mechanisms underlying these 
morphological and behavioral changes; however, a clear link between these features has yet to be 
determined. To help bridge this gap, we used MRI to assess brain morphology in the 
unpredictable chronic mild stress (UCMS) mouse model of depression, after behavioral 
characterization. Using Noldus phenotypers apparatus, we monitored the weekly baseline 
behavior (time spent in drinking, food, shelter zones) of 8-12 week-old BALB/c mice 
(n=12/group) to obtain longitudinal measures over the course of the UCMS protocol. At the end 
of the UCMS protocol we administered acute behavioral tests including the elevated plus maze, 
open field, novelty suppressed feeding, cookie test, forced swim test and sucrose consumption. A 
principal component analysis (PCA) was used to obtain a summary measure of UCMS-induced 
heightened emotionality across tests. Finally, brains were perfused with contrasting agent and 
submitted to 7T MRI to assess volumetric MRI changes of twenty-seven brain regions associated 
with human MDD. Our longitudinal assessment of behavior demonstrated that UCMS exposure 
induced a progressive increase in the time spent hiding in shelter in disfavor of other zones 
within the arena. This increase in hiding behavior in the UCMS group was further exacerbated 
by an acute stress challenge (spotlight over the food zone). UCMS-exposed animals showed 
higher scores on the top behavioral principal component and clear separation from control mice 
(p = 8 x 10-7) capturing 23.5% of variance across tests. Finally, we demonstrated an increase in 
volume of the amygdala, hippocampus, frontal association, prelimbic and cingulate cortices of 
UCMS animals, relative to the controls. These morphological changes were positively correlated 
with the top principal component of the behavioral data. Experiment in progress will determine 
the cellular correlates associated with UCMS-induced increases in volume of the amygdala. 
Altogether this work will identify cellular and morphological substrates underlying depressive-



like behaviors and will provide a translational perspective on the biological mechanisms 
involved in human MDD. 
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Abstract: Stress disorders such as depression and Post Traumatic Stress Disorder (PTSD) are 
outcomes of the interplay between the genetic polymorphisms and early life insults derived 
resilient and vulnerable factors and the ongoing psychological and physical stress; however, the 
molecular identities of the resilient and vulnerable factors are still largely unknown. Similar to 
the chronic social defeat stress paradigm, the learned helplessness model offers an opportunity to 
explore the identities of potential resilient and vulnerable factors under the acute, uncontrollable 
and severe stress. After unavoidable foot shocks delivered in random intervals, a portion of 
animals develops deficits in the active avoidance test, which has been considered as a measure of 
behavior despair. Samples of peripheral blood mononuclear cell (PBMC), prefrontal cortex, 
hippocampus, amygdala and cerebellum were collected and then submitted to gene expression 
analysis using RNA sequencing platform. The expression of numerous genes was up or down-
regulated in all tissue types after the stress. More genes were up- or down regulated in the 
amygdala than other brain regions, a finding consistent with the known function of amygdala as 
the stress relay center. More genes in PBMC than in brain regions were differentially changed in 
resilient and vulnerable animals. The bioinformatics revealed that the large portion of the 
differentially regulated genes belongs to the neuroendocrine and immune response systems or 
involved in cell structure and cellular resilience. This data provides starting information to 
further explore the genes and gene networks in model animals and human subjects in order to 
develop novel treatments, prevention measures, and predictive and diagnostic biomarkers for 
depression and PTSD. 
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Abstract: There is an urgent need for biomarkers of major depressive disorder to optimize its 
treatment. Although various candidate biomarkers were reported, no one has been established. 
The purpose of the present study was to search for novel biomarkers using human plasma 
samples and depression mouse model (mutant Polg 1 transgenic mouse) that spontaneously 
showed depressive episode-like behavioral changes. We measured plasma metabolites, by 
capillary electrophoresis time-of-flight mass spectrometry, in the mutant mice (10 euthymic state 
and 10 depressive episode-like state) and human participants matched age and sex with no 
medication (8 major depressive disorder and 19 healthy controls). The animal experimental 
protocols were approved by the Wako Animal Experiment Committee, RIKEN. The human 
study was approved by the ethics committees of Hannan Hospital, Osaka City University, 
RIKEN, and National Center of Neurology and Psychiatry and conducted in accordance with the 
Declaration of Helsinki. Plasma concentration of betaine (p=0.024), glutamic acid (p=0.040), 
and creatine (p=0.049) were higher in the mouse model of depression-like state than euthymic 
state. Plasma concentration of cis-aconitic acid was higher in patients with major depressive 
disorder than healthy controls (p=0.039). Betaine, glutamic acid and creatine did not show 
significant change between patients with major depressive disorder and healthy controls. These 
three metabolites were not a marker of major depressive disorder but warrants further regression 



analysis and investigation in a larger number of samples to draw a conclusion whether there is a 
state-dependent alteration. We also measured plasma metabolites in patients with bipolar 
disorder and schizophrenia and will discuss the results in the poster. 

Disclosures:  Y. Kageyama: None. 

Poster 

734. Biomarkers for Animal Models of Depression 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 734.10/FFF9 

Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Support: Biohaven Pharmaceuticals 

Title: Riluzole prevents the onset of anxiety-, anhedonia-, and helplessness-like deficits in two 
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Abstract: Anxiety, anhedonia, and helplessness are common symptoms associated with major 
depressive disorder (MDD), schizophrenia (SCZ), and post-traumatic stress disorder (PTSD). 
Dysregulated glutamate function is thought to underlie these symptoms across disorders. 
Riluzole decreases glutamate transmission as an enhancer of glutamate uptake and a sodium 
channel blocker. Previous studies suggest riluzole possesses antidepressant-like and anxiolytic 
properties. However, therapeutic indication in other psychiatric mood disorders has not been 
established. Here, using two stress-based rodent paradigms that model the negative symptoms of 
SCZ and PTSD-like deficits, we examined riluzole’s ability to prevent the development of these 
behavioral deficits. We first sought to determine the behavioral efficacy of riluzole in mice 
exposed to unpredictable chronic mild stress (UCMS) using tests measuring anhedonia and 
anxiety. We then examine riluzole effects on helplessness-like deficits using a learned 
helplessness (LH)/active avoidance (AA) paradigm. 
Adult C57BL/6J mice underwent 5 weeks of randomized mild stressors (2-4/day). Riluzole (60 
µg/mL) was administered in sweetened drinking water (saccharin 0.1%) throughout UCMS 
exposure. Elevated plus maze (EPM), open field test (OFT), and novelty suppressed feeding 



(NSF) were performed to measure anxiety-like behavior. Sucrose consumption (SC) measured 
anhedonia-like behavior only, while novelty induced hyperphagia (NIH) measured both anxiety- 
and anhedonia-like behavior. Behavioral changes were assessed by Z-scoring across tests 
measuring similar outcomes. In a separate cohort, riluzole was administered for 14 days prior 
exposure to LH. Mice received 60 inescapable footshocks (0.35 mA) and then tested in AA (30 
trials). Escape failures was recorded as an index of helplessness-like deficits. The composite Z-
anxiety score, calculated for EPM, OFT, NSF, and NIH, demonstrated significantly heightened 
emotionality following UCMS that was prevented by riluzole. This effect was driven by an 
attenuation of UCMS-induced effects in NIH and EPM. Riluzole treatment also prevented 
UCMS-induced anhedonia z-scored from NIH and SC. The anti-anhedonia effect of riluzole was 
highly significant in both tests. In the LH paradigm, riluzole significantly attenuated 
helplessness-like behavior, as indexed by a reduction in escape failures. This data supports the 
utility of riluzole as an indication for treating, and possibly preventing, anhedonia and anxiety 
symptoms associated with stress-related disorders, including MDD, SCZ, and PTSD. 
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Title: Pre-existing differences in white matter diffusivity correlate with behavioral response to 
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Abstract: Depression is a neuropsychological disorder that affects millions of people. There are 
currently no predictors for susceptibility to depression and a large proportion of afflicted 
individuals are resistant to available treatments. The ability to predict selective psychosocial 
vulnerability and resilience to stress holds great promise in preventing this debilitating disorder. 
Social defeat (SD) is a highly validated mouse model of depression. Previously, we had 
demonstrated using a model of acute social defeat (ASD), that animals exhibiting socially 
avoidant (susceptible) and resilient behavioral responses possessed differences in functional 
responses to acute social stress. Here, we probe the neuroarchitecture that could provide a 
foundation for these variances observed in functional connectivity. We performed diffusion-
weighted imaging (DWI) one week prior to ASD then correlated the diffusivity of various brain 
regions with behavioral response to ASD. We found a positive correlation between anisotropy 
and resilience to ASD, indicating that differences in white matter connectivity may be a pre-
existing condition that contributes to the differences in functional connectivity that we had 
previously reported. 
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Title: Ancestral stress induces sexually dimorphic effects in depressive-like behaviours of aging 
rats 
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Abstract: INTRODUCTION: Exposure to stress in early life represents a powerful impact on 
fetal brain development and hypothalamic-pituitary-adrenal (HPA) axis activity. Moreover, 
adverse early life experiences may also increase the susceptibility to affective disorders, such as 
depression, in adulthood. Our previous studies showed that recurrent prenatal stress across 
generations has cumulative effects on brain plasticity and generates new behavioural traits. Here 
we proposed that recurrent prenatal stress also compromises mental health trajectories in older 
age. 
This study investigated in rats the effect of: (1) aging on depression-like behaviours, stress 
response and epigenetic regulation by microRNAs; (2) cumulative ancestral prenatal stress 
(APS) on aging in terms of depression-like behaviour in males versus females. 
METHODS: Male and female F4 generation offspring were derived from a rat lineage in which 
their ancestral mothers (F0-F3) were stressed during pregnancy. A non-stress lineage served as 
control. Depression-like behaviours were assessed at the age of 6 (young), 12 (middle aged) and 
18 (aged) months using a forced swim task. Behavioural outcomes were related to plasma 
corticosterone levels, and microRNA expression in the prefrontal cortex. 
RESULTS: Aging raised the incidence of depression-like behaviours in both males and females 
regardless of APS. APS however further exacerbated depression-like behaviour in males along 
with decreased cortical expression of miR-124, a recognized biomarker and therapeutic target in 
depression. In contrast, APS reduced age-associated depression-like symptoms in females and 
increased cortical miR-124 expression. In addition, aging and stress synergistically disturbed 
HPA axis activation and accelerated an age-associated decline in affective state in males. 



CONCLUSION: Ancestral programming by stress may represent a significant determinant of 
lifetime mental health trajectories, a major contributor to sexually dimorphic phenotype, and a 
risk factor for common age-related diseases through altered epigenetic regulation. MiR-124 may 
be used as predictive biomarkers of age-related diseases in males. 
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Abstract: Chronic stress plays a crucial role in the development of psychiatric diseases, such as 
anxiety and depression. Dysfunction of the medial prefrontal cortex (mPFC) has been linked to 
the cognitive and emotional deficits induced by stress. However, little is known about the 
molecular and cellular determinants in mPFC leading to stress-associated mental disorders. Here 
we show that chronic restraint stress induces the selective loss of p11 (also known as annexin II 
light chain, S100A10), a multifunctional protein which binds to 5-HT receptors, in layer II/III 
neurons of the prelimbic cortex (PrL), as well as depression-like behaviors, both of which are 
reversed by selective serotonin reuptake inhibitors (SSRIs) and the tricyclic class of 
antidepressant (TCA) agents. In layer II/III of the PrL, p11 is highly concentrated in dopamine 
D2 receptor-expressing (D2+) glutamatergic neurons. Viral expression of p11 in D2+ PrL neurons 
alleviates the depression-like behaviors exhibited by genetically manipulated mice with D2+ 
neuron-specific or global deletion of p11. In stressed animals, overexpression of p11 in D2+ PrL 
neurons rescues depression-like behaviors by restoring glutamatergic transmission. Our results 
have identified p11 as a key molecule in a specific cell type that regulates stress-induced 
depression, providing a framework for the development of new strategies to treat stress-
associated mental illnesses. 
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Title: Gene deficiency and pharmacological inhibition of soluble epoxide hydrolase confers 
resilience to repeated social defeat stress: role of BDNF-TrkB signaling 
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Abstract: Depression is a severe and chronic psychiatric disease, affecting 350 million subjects 
worldwide. Although multiple antidepressants have been used in the treatment of depressive 
symptoms, their beneficial effects are limited. The soluble epoxide hydrolase (sEH) plays a key 
role in the inflammation which is involved in depression. Thus, we examined here the role of 
sEH in depression. In both inflammation and social defeat stress models of depression, a potent 
sEH inhibitor TPPU displayed rapid antidepressant effects. Expression of sEH protein in the 
brain from chronically stressed (susceptible) mice was higher than of control mice. Furthermore, 
expression of sEH protein in postmortem brain samples of patients with psychiatric diseases, 
including depression, bipolar disorder, and schizophrenia, was higher than controls. This 
suggests that increased sEH levels might be involved in the pathogenesis of certain psychiatric 
diseases. In support of this hypothesis, pretreatment with TPPU prevented the onset of 
depression-like behaviors after inflammation or repeated social defeat stress. Moreover, sEH 
knock-out (KO) mice did not show depression-like behavior after repeated social defeat stress, 
suggesting stress resilience. The sEH KO mice showed increased brain-derived neurotrophic 
factor (BDNF) and phosphorylation of its receptor TrkB in the prefrontal cortex (PFC), 



hippocampus, but not nucleus accumbens, suggesting that increased BDNF-TrkB signaling in the 
PFC and hippocampus confer stress resilience. All these findings suggest that sEH plays a key 
role in the pathophysiology of depression, and that epoxy fatty acids, their mimics as well as sEH 
inhibitors could be potential therapeutic or prophylactic drugs for depression. 
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Title: Investigation of the oral microbiome for candidate markers of depression. 
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Abstract: Depression is a complex disorder with multiple symptoms, including a persistent low 
mood, anhedonia and cognitive impairments, and is currently the third leading cause of global 
disability. The underlying pathophysiology of depression is poorly understood, and the overall 
diagnosis and selection of treatment course for depression is largely subjective, reliant on patient 
self-report and clinical judgment. There is therefore an urgent need for new biological markers of 
depression and treatment response. A growing body of evidence supports an important role for 
the microbiome in the aetiology of depression and other psychiatric disorders. While much 
interest is currently focused on the role of the microbiome-gut-brain axis in brain physiology and 
neurochemistry, the importance of the oral microbiome has received little attention. The aim of 
this study is to characterise the oral and dormant blood microbiome in adults with moderate and 
severe depression versus matched controls with no history of the disease. To achieve this, 
participants were asked to complete an online validated mental health survey and to provide a 
saliva sample. We identified 46 individuals who met the DSM-V criteria for severe depression 



and 46 age and sex-matched controls with no history of depression. Bacterial DNA was extracted 
from the saliva samples and 16S rRNA surveys were conducted using next generation 
sequencing. Differences in the bacterial community composition of the oral microbiota between 
patients and controls were determined, and validated using qPCR. Charting the oral/ blood 
microbiomes in depressed patients could therefore provide new insights into the development of 
the condition, and the identification of novel diagnostic and therapeutic response biomarkers. 
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Abstract: Selective serotonin reuptake inhibitors (SSRIs) are the most commonly prescribed 
class of antidepressant drugs, largely because of their effectiveness and favorable side-effect 
profiles. Unfortunately, the use of SSRIs in pediatric populations is limited due to reduced 
efficacy and their tendency to induce suicidal ideation in adolescents. Recently, we found that 
repeated treatment with fluoxetine and paroxetine caused increased anxiety-like behaviors in 
adolescent rats, as measured on the elevated plus maze and light/dark box. Moreover, adolescent 
rats did not show the adult-typical response of decreased serotonin utilization after repeated 
paroxetine treatment. The purpose of the present study was to determine if changes in brain 
derived neurotropic factor (BDNF) functioning are responsible for mediating these age-
dependent behavioral and neurochemical effects. The rationale for this study was based on a 
growing body of evidence suggesting that the therapeutic effects of antidepressants are 



dependent on BDNF-mediated increases in neurogenesis. To test our hypothesis, we measured 
the expression of BDNF and the BDNF receptor, TrkB, after repeated paroxetine and fluoxetine 
treatment. Male and female adolescent Sprague-Dawley rats (n=6-7) were injected with 
paroxetine (2.5 or 10 mg/kg), fluoxetine (5 or 10 mg/kg), or vehicle for 10 consecutive days 
starting on postnatal day (PD) 35. On PD 45, the hippocampus of each rat was removed and then 
assayed for BDNF and TrkB expression using western blotting. In both male and females rats, 
BDNF expression was decreased after fluoxetine (5 and 10 mg/kg) treatment. Paroxetine (10 
mg/kg) also decreased BDNF levels, but only in male rats. In contrast, TrkB expression was 
increased after SSRI treatment; however, this increase was only significant for male rats treated 
with the high dose of fluoxetine (10 mg/kg). In summary, repeated treatment with the SSRIs 
paroxetine and fluoxetine led to decreased BDNF expression in adolescent rats. This reduction in 
BDNF levels may be responsible for the reduced efficacy of SSRIs during adolescence. 
Interestingly, paroxetine had a greater effect on the BDNF functioning of male rats than females. 
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Abstract: Despite the well-documented beneficial effect of exercise on stress coping and 
depression treatment, its underlying neurobiological mechanism remains unclear. This is further 
complicated by a ‘side effect’ of exercise: it increases basal glucocorticoid (CORT), the stress 
hormone, which has been shown to be a mediator linking stress to depressive disorders. Here we 
show that three weeks of voluntary wheel running reduced rats’ immobility in the forced swim 



test (FST), an antidepressant-like effect. Monitoring extracellular fluids in the medial prefrontal 
cortex PFC (mPFC) using microdialysis we found that, wheel running was associated with 
higher baseline CORT, but lower FST-responsive CORT. Further, wheel running resulted in a 
higher dopamine (DA) both at baseline and following FST. Interestingly, the antidepressant-like 
effect of wheel running was completely abolished by intra-mPFC pre-microinjection of a D2R 
(haloperidol) but not D1R (SCH23390) antagonist, at a dose that does not affect normal rats’ 
performance in the FST. It suggests that exercise exerts antidepressant-like effect through 
upregulated DA and in a D2R dependent way in the mPFC. Importantly, the antidepressant-like 
effect of wheel running was also abolished by intra-mPFC pre-microinjection of a GR antagonist 
(RU486). Finally, intra-mPFC pre-microinjection of RU486 also downregulated the originally 
elevated basal and FST-responsive DA in the mPFC of exercise rats. These results suggest a 
causal pathway linking CORT, GR, DA, and D2R, to the antidepressant-like effect of exercise. 
In conclusion, exercise achieves antidepressant-like effect through the CORT-GR-DA-D2R 
pathway and that the increased basal CORT by exercise itself may be beneficial rather than 
detrimental. This research was supported by Japanese Ministry of Education, Culture, Sports, 
Science and Technology, grant-in-aid No. 23591667 (S.N.) and a grant from Hokkaido 
University Clark Memorial Foundation (C.C.). 
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Abstract: The decreases in hippocampal BDNF levels are correlated with stress-induced 
depressive behavior and that antidepressant enhances the expression of BDNF. Our findings that 
3,5,6,7,8,3′,4′-heptamethoxyflavone (HMF), a citrus flavonoid, has the potential for increasing 
the expression of the BDNF in the hippocampus of a transient global ischemia mouse model 
prompted us to investigate whether HMF has anti-depressive activity. A depression mice model 



was developed through subcutaneous administration of corticosterone (20 mg/kg/day for 25 
days), and HMF was simultaneously administered with corticosterone. As results, we observed 
that the HMF treatment ameliorated (1) corticosterone-induced body weight loss, (2) 
corticosterone-induced depression-like behavior, (3) corticosterone-induced reductions in BDNF 
production in the hippocampus, (4) corticosterone-induced reductions in neurogenesis in the 
dentate gyrus subgranular zone and (5) corticosterone-induced reductions in the expression 
levels of phosphorylated calcium-calmodulin-dependent protein kinase II and extracellular 
signal-regulated kinase1/2. These results provide that HMF has a possibility to prevent the onset 
of depression as an antidepressant by inducing the expression of BDNF. 
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1Wake Forest Baptist Med. Hlth., Winston Salem, NC; 2Univ. of Texas at Austin, Austin, TX 

Abstract: Treatments for patients with major depressive disorder often take several weeks to 
become effective. Further, patients may not respond to the prescribed drug and thus begin a cycle 
of dose and drug changes. N-methyl-D-aspartate glutamate receptor (NMDAR) antagonists have 
emerged as rapid antidepressants, acting within hours of administration. What is more, these 
drugs are effective at treating patients who are treatment resistant. However, the cellular 
mechanisms associated with how these ligands produce their effects are unclear. NMDAR 
antagonists have been demonstrated to increase neurogenesis and activate the mammalian target 
of rapamycin (mTOR). Our lab has previously demonstrated that the administration of NMDAR 



antagonists causes a functional shift in metabotropic gamma-aminobutyric acid (GABA) 
receptors (GABABRs). This shift decreases the coupling of GABABRs to potassium channels and 
instead promotes coupling to calcium channels. Blocking GABABRs reverses this effect. Here, 
we examined the interaction of rapid antidepressants and GABABR ligands on synapse formation 
in order to further characterize this pathway. We demonstrate that these synaptic changes are 
likely newly formed synapses requiring protein synthesis. These data suggest a beneficial role of 
GABABR signaling in rapid antidepressant mechanisms. 
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Title: The antidepressant actions of tianeptine require the mu-opioid receptor 
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5Douglas Institute, McGill, Montreal, QC, Canada; 6NYSPI, New York, NY 

Abstract: The majority of pharmacological agents used for the treatment of depression target the 
serotonin system. However, these drugs like selective serotonin reuptake inhibitors (SSRIs) are 
not ideal because only a fraction of patients achieve remission. New targets for antidepressant 
drugs are needed for this ‘treatment resistant’ population and additionally for patients who suffer 
from intolerable side-effects stemming from SSRI administration. The recent discovery that the 
effective antidepressant tianeptine (Stablon) is a full agonist at the mu-opioid receptor (MOR) 
has revealed a potential novel target for drug development. Our studies are aimed at 



understanding the neural circuits through which tianeptine exerts its antidepressant effects. Using 
genetic and pharmacological models we tested whether the behavioral effects of tianeptine are 
mediated by MOR. We found that MOR knockout mice have no measured behavioral response 
to tianeptine. Additionally, the behavioral effects are also abolished by pretreatment with an 
MOR antagonist. Tissue-specific MOR knockout mice are now being tested to dissect the 
circuitry which underlies the opioid-dependent antidepressant action. Preliminary evidence 
suggests that the antidepressant phenotype is dissociable from the classic opiate phenotype 
including effects on activity, feeding, pain, and reward. Additionally, unlike other classic opiates, 
there seems to be no tolerance or withdrawal formed following chronic administration of 
tianeptine to mice. Taken together, these results point to a novel entry point to understand the 
neural circuits underlying depression, and a potential avenue for the development of a new class 
of antidepressant drugs. 
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Abstract: Anxiety and depressive disorders have a prevalence of 31% and 17% respectively in 
the United States population. Affecting over 40 million people, together they comprise the most 
common mental illnesses in the country. Despite the large number of patients suffering from 
anxiety and depressive disorders, there are limited treatment options. Antidepressants such as 
SSRIs are amongst the most common treatment options for depressive disorders. However, 



despite being so widely used, only one-third of patients experience remission after up to four 
months of treatment with SSRIs, pointing to a clear need for a better understanding of the 
molecular and cellular mechanisms underlying SSRIs effects in order to develop better treatment 
options. On a neuroanatomical level, the dentate gyrus of the hippocampus has been shown to be 
a crucial mediator of antidepressant effects on behavior. Our aim is to study the neurobiological 
and genetic basis of antidepressant response and treatment resistance in order to identify novel 
molecular targets that mediate antidepressant treatment responses. We combined next-generation 
RNA sequencing and microarray data of fluoxetine treated mice, in order to identify molecular 
signaling programs that mediate the response to fluoxetine in the Dentate Gyrus. For this purpose 
we have used three complementary mouse models of chronic stress: social defeat, chronic 
corticosterone, and chronic oral gavage. All three models were similarly treated with fluoxetine 
for 28 Days, in order to elicit a common fluoxetine-induced genetic signature. Treatment 
effectiveness was determined in our models by segregating the fluoxetine responders and non-
responders. The measure of responsiveness to fluoxetine was given by the levels of anxiety 
exhibited in behavioral tasks such as the social interaction test or novelty suppressed feeding 
after fluoxetine treatment. RNA from both dorsal and ventral dentate gyrus was extracted from 
the samples and processed by Microarray or RNA-sequencing. Our preliminary analysis point at 
a differential gene expression between dorsal and ventral dentate gyrus upon fluoxetine 
treatment. Furthermore, there are similarly regulated genes in fluoxetine responders across the 
datasets such as Npas4 and genes belonging to the activin/inhibin pathway, both of which have 
been implicated in antidepressant response. Ongoing efforts are aimed at identifying a common 
genetic signature that is specific to antidepressant responders and non-responders. 
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approach 
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Abstract: Membrane protein clustering (MPC) in peripheral lymphocytes is altered in 
depression and has been proposed as a putative biomarker of therapeutic efficacy in major 
depressive disorder (reviewed in Frontiers in Cellular Neuroscience, 2016,10:48). In this 
experiment, we analyzed the clustering of four transmembrane proteins in lymphocytes from rats 
repeatedly treated with corticosterone (CORT), a well-characterized animal model of depression. 
Male rats received 21 days of daily CORT injections (40 mg/kg) or vehicle injections. On day 
22, rats were subjected to the forced swim test and blood samples were collected by cardiac 
puncture. Lymphocytes were extracted from the blood samples and processed for 
immunocytochemical analyses of the serotonin transporter (SERT), serotonin 2A receptor (5-
HT2A), beta-2 adrenergic receptor (β-2AR), and the cellular prion protein (PrPc). CORT 
produced a depressive phenotype evidenced by significant increases in immobility behavior in 
the forced swim test. CORT also altered the pattern of clustering for all examined proteins. We 
found significant increases of 13%, 6% and 12% in the average size of SERT, 5-HT2A and PrPc 
clusters respectively, in the CORT rats compared to the vehicle rats. However, the β-2AR 
clusters were 7% smaller in the CORT rats. No changes were found in the number of SERT, 5-
HT2A and β-2AR clusters per lymphocyte, but there was a 20% increase in the number of PrPc 
clusters in the CORT rats. We also found a positive correlation between the size of SERT, 5-
HT2A and PrPc clusters and immobility behavior in the forced swim test. Importantly, the 
pattern of SERT and 5-HT2A protein clustering seen after CORT treatment is very similar to 
what we have previously observed in naïve depression patients. This suggests that parallel 
changes in protein clustering can be seen across a preclinical animal model of depression and the 
clinic, offering significant translational potential. In addition, our novel observation of altered 
β2AR and PrPc protein clustering in the animal model should be confirmed in a patient cohort. 
Overall, we believe that mapping changes in protein clustering in both patients and an animal 
model will better identify biomarkers for depression diagnosis and treatment responsivity. 
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Abstract: Kappa opioid receptors (KOR) are expressed in brain areas implicated in motivation, 
emotion, and learning. Although selective KOR agonists share the antinociceptive effects of 
opiates, they tend to produce aversive- and stress-like effects in humans and laboratory animals. 
In contrast, selective KOR antagonists have antidepressant-like and anxiolytic-like effects, and 
can block drug-seeking behaviors in rodent models of addiction. These types of findings have 
stimulated interest in the therapeutic potential of KOR antagonists. However, prototypical KOR 
antagonists such as JDTic and norBNI have exceptionally long durations of action, complicating 
their use in clinical trials. Here we present initial pharmacological and behavioral data on a novel 
KOR antagonist, CYM 52220, synthesized at The Scripps Research Institute. CYM 52220 has 
high selectivity for KORs compared to other opioid receptors and favorable pharmacokinetic and 
distribution to brain (>4:1 brain-plasma ratio) profiles. Using the Tail Flick Assay (TFA), we 
performed dose-effect and time course experiments to quantify the ability of oral administration 
of CYM 52220 to block the antinociceptive effects of the KOR agonist U50,488 (30 mg/kg, IP). 
For comparison, we also tested the KOR antagonists JDTic and LY2456302, which have long 
and short durations of action, respectively. Consistent with previous reports, oral administration 
of JDTic (20 mg/kg; PO) blocked U50,488-induced increases in tail flick latency in the TFA for 
at least 24 hrs whereas the KOR antagonist effects of LY2456302 (0.9 mg/kg; PO) in the TFA 
were only observable for 1 hr after oral administration. CYM 52220 (0.0 – 30 mg/kg; PO) dose-
dependently blocked U50,488-induced increases in tail flick latency when administered 2-hr 
prior to testing. An AD80 dose of CYM 52220 (6.0 mg/kg; PO) attenuated the analgesic effects of 
U50,488 for more than 2 hrs. In conclusion, CYM 52220 is a novel, potent, selective, and orally 
active KOR antagonist with a relatively short duration of action that may have therapeutic 
potential. 
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Abstract: P-glycoprotein (P-gp) is a 130-kDa adenosine triphosphate (ATP)-dependent drug 
transport protein that is abundantly distributed in the apical side of brain capillary endothelial 
cells forming the tight junctions of the blood-brain barrier (BBB). Utilizing ATP hydrolysis as an 
energy source, P-gp belongs to a large and growing group of transmembrane transporters, which 
are increasingly recognized as an important part of the blood-brain and blood-cerebrospinal fluid 
(CSF) barriers. P-gp is expressed by and was first discovered in multiple drug-resistant (MDR) 
cancer cells, but can also be found in normal tissue. P-gp has been demonstrated to influence the 
absorption, distribution, and elimination of many commonly used drugs. It has, furthermore, 
been shown that P-gp influences the distribution of drugs across the BBB. The location of P-gp 
at the BBB is of importance for the delivery of psychotropic drugs such as antidepressant and 
antipsychotic medications. Recently, it has also been demonstrated that the intracerebral 
concentrations of some psychotropic drugs and opioids can be up to several-fold higher in P-gp 
knock-out mice than in wild-type mice. Among these drugs are the antidepressants nortriptyline, 
escitalopram, sertraline, venlafaxine and fluvoxamine, the antipsychotic drugs olanzapine and 
risperidone, as well as the substrates for P-gp. But we do not know how the P-gp function after 
the chronic treatment with antidepressant drugs in the brain. Then we investigated which chronic 
treatment with the antidepressant drugs as the substrates for P-gp was changed the function of P-
gp in the brain. C57BL/6N mice (weighing 20-25 g) were orally administrated of 10 mg/kg/day 
antidepressant drugs once daily for six weeks. To quantify the amount of mRNA in mice brain, 
we performed real-time PCR (7500 Fast Real-Time PCR System)by using TaqMan Fast 
Universal PCR Master Mix (life technologies). A PCR reaction mixture of 20µl containing 10µl 
of TaqMan Fast Universal PCR Master Mix, 9 µl of cDNA and 1 µl TaqMan Gene Expression 
Assays. We examined that the expression of RNA P-glycoprotein after chronic treatment with 
the antidepressant drugs and compared with before treatment. 
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Abstract: Post-ictal burst-suppressing electroencephalographic (EEG) activity has been 
proposed to underlie the neuroplastic and therapeutic effects of ECT (electroconvulsive therapy). 
This hypothesis prompted researchers already decades ago to test and show that deep brief 
isoflurane anesthesia bring rapid antidepressant effects in some patients. The hypothesis was 
never tested experimentally however. Instead, some of the subsequent human trials produced 
conflicting results and thereby reduced the interest to further evaluate isoflurane as a substitute 
for ECT. We demonstrate here that burst-suppressing EEG is not prerequisite for the ability of 
isoflurane to regulate signaling responses implicated in the antidepressant actions of NMDA-
receptor blocker ketamine: activation and inhibition of TrkB-mTor-p70S6k pathway and GSK3β, 
respectively. Indeed, and similarly with ketamine, already subanesthetic doses of isoflurane and 
gamma-hydroxybutyrate (GHB), another putative sedative antidepressant acting predominantly 
through NMDA/AMPA-independent pathways, regulate these signaling pathways in the adult 
rodent brain. Interestingly, TrkB and GSK3β signaling are similarly regulated by various 
pharmacologically different sedatives (but not with stimulant amphetamine) but, as expected 
based on huge amount of previous literature, these responses are not (always) co-associated with 
antidepressant-like behavioural and functional changes. Moreover, ketamine dose-dependently 
regulates TrkB and GSK3β signaling. Collectively these intriguing observations suggests that 
increased neuronal inhibition - rather than excitation - readily induce some of the intracellular 
signaling alterations intimately connected with rapid-acting antidepressant responses in the adult 
rodent brain. Obtained data urge to rethink and update some of the current antidepressant 
hypotheses and will guide subsequent experiments to find shared neurobiological mechanisms 
underlying rapid antidepressant actions. 
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Abstract: Amygdala circuitry and early life stress (ELS) are both strongly and independently 
implicated in the neurobiology of depression. Importantly, animal models have revealed that the 
contribution of ELS to the development and maintenance of depression is likely a consequence 
of structural and physiological changes in amygdala circuitry in response to stress hormones. 
Despite these mechanistic foundations, amygdala engagement and ELS have not been 
investigated as biobehavioral targets for predicting therapeutic intervention outcomes in 
translational human studies of depression. To address this question 70 patients from the 
International Study to Predict Optimized Treatment in Depression (iSPOT-D) were scanned 
using fMRI when unmedicated, randomized to one of three antidepressants and re-assessed 8 
weeks post-treatment. An established emotional face task probed amygdala engagement. ELS 
was measured with the Early Life Stress Questionnaire. Therapeutic outcome was assessed by a 
combined measure of symptoms (HAM-D and QIDS) and function (SOFAS). Hierarchical 
logistic regression and receiver operating characteristic analyses were used to test the predictive 
performance of models using amygdala engagement and ELS as targets for probing therapeutic 
outcome following an antidepressant intervention. The interaction between amygdala 
engagement by emotional stimuli and ELS predicted therapeutic functional remission on 
antidepressants with greater than 80% cross-validated accuracy. In depressed people exposed to 
high ELS, the likelihood of remission was highest when the amygdala was hyper-reactive to 



socially rewarding stimuli, whereas for those with low ELS exposure, remission was predicted 
by a state of amygdala hypo-reactivity to both rewarding and threat-related stimuli. This full 
model predicted functional remission over and above the contribution of demographics, 
symptom severity, ELS and amygdala reactivity alone. These findings identify a human target 
for elucidating the mechanisms of antidepressant functional remission and offer a target for 
developing novel therapeutics. The results also offer a proof of concept for using neuroimaging 
as a target for guiding neuroscience-informed intervention decisions at the level of the individual 
person. 
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Title: Trip8 interaction with hcn regulates trafficking and antidepressant like behavior. 
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Abstract: Major depressive disorder (MDD) affects millions of people worldwide. Most of the 
existing antidepressants target monoaminergic neurotransmitters, but many individuals don’t 
respond to these therapies. As such, there is a need for new MDD treatments targeting novel 
mechanisms. Hyperpolarization-activated cyclic nucleotide-gated (HCN) channels mediate Ih, an 
important current for controlling neuronal excitability. Brain HCN channels are tightly regulated 
by an auxiliary subunit, TRIP8b (tetratricopeptide repeat-containing Rab8b-interacting protein). 
Animals lacking either TRIP8b or HCN have increased antidepressant-like behavior, suggesting 
that inhibiting HCN channels could effectively treat depression. Unfortunately, directly targeting 
HCN channels throughout the body is not a viable therapeutic approach because these channels 
are critical in controlling heart rate. We reasoned that inhibiting brain-specific TRIP8b would be 
a safer way to target HCN channels and treat MDD. Here we employed an in vivo viral rescue 
approach in TRIP8b knockout mice to examine the function of HCN-TRIP8b interaction in 
mediating HCN channel trafficking and influencing antidepressant-like behavioral effects. We 
found that AAV-TRIP8b restored trafficking of HCN channels in TRIP8b KO mice. 
Furthermore, AAV-TRIP8b reversed the antidepressant-like behavioral phenotype of TRIP8b 
KO mice. We next generated a mutant TRIP8b construct in which binding to HCN subunits is 
impaired (AAV-TRIP8b (N13A)). Injection of AAV-TRIP8b (N13A) into the hippocampi of 
TRIP8b KO mice further decreased trafficking of HCN channels. As predicted by the hypothesis 
that HCN trafficking is important for behavior, AAV-TRIP8b (N13A) augmented the 
antidepressant-like behavioral phenotype of TRIP8b KO mice. These observations demonstrate 
that HCN channel trafficking bidirectionally regulates antidepressant-like behaviors and HCN-
TRIP8b interaction might be a novel pharmacological target for MDD. 
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Abstract: Recently, scopolamine has been shown to be a rapid-acting antidepressant in several 
clinical trials. This has initiated preclinical research to characterize the antidepressant-like effects 
of scopolamine, but so far such research has focused on immobility tests like forced swim. 
Immobility tests lack construct validity and respond acutely to antidepressants that require 
chronic clinical dosing. Therefore, we sought to characterize scopolamine in additional 
preclinical depression models, which have perhaps greater construct or predictive validity. We 
tested scopolamine in active avoidance, with either catecholamine depletion, serotonin depletion, 
or pre-exposure to inescapable shocks (the learned helpless model) used to induce a helpless-like 
state. Active avoidance test is typically insensitive to acute administration of traditional 
antidepressants, but responds to rapid-acting antidepressants like ketamine. Scopolamine 
significantly increased escapes in active avoidance test under all three conditions, indicating a 
rapid-acting antidepressant-like response. Post-test drug levels indicate effectiveness at 25 ng/ml 
in plasma and 67 ng/ml in brain in active avoidance. We then sought to use the learned helpless 
model to further characterize the mechanism of action of scopolamine’s effect. Previous 
published data implicated the M2 subtype and we confirmed that an M2 antagonist was 
antidepressant-like in immobility test. This could be due to blockade of M2 autoreceptors, 
leading to increased acetylcholine and stimulation of nicotinic receptors, because the effect was 
blocked by the nicotinic antagonist mecamylamine and mimicked by a nicotinic a6b2/a4b2 
agonist. However, mecamylamine did not block scoplamine’s effect in learned helpless and the 
nicotinic agonist was without effect in learned helpless. On the other hand, an M5 positive 
allosteric modulator was able to attenuate scopolamine’s effect in learned helpless. Thus, while 
M2 blockade may contribute to some antidepressant-like effect of scopolamine, it likely does not 
mediate the rapid-acting effects, whereas M5 may be involved. These data highlight the need for 
improved translational models when characterizing clinical drugs. 
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Development, LLC. E. Ownership Interest (stock, stock options, royalty, receipt of intellectual 
property rights/patent holder, excluding diversified mutual funds); Owns stock in Johnson & 
Johnson (JNJ). W.A. Eckert: A. Employment/Salary (full or part-time): Janssen Research & 
Development, LLC. W. Chen: A. Employment/Salary (full or part-time): Janssen Research & 
Development. N. Welty: A. Employment/Salary (full or part-time): Janssen Research & 
Development. G. Chen: A. Employment/Salary (full or part-time): Janssen Research & 
Development. 

Poster 

735. Treatment and Drug Discovery: Depression 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 735.17/GGG2 



Topic: G.04. Mood Disorders: Depression and Bipolar Disorders 

Title: Effects of probiotic treatment (Bifidobacterium Infantis) in male and female rats exposed 
to chronic high levels of corticosterone 
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BRUMMELTE;  
Psychology, Wayne State Univ., Detroit, MI 

Abstract: Previous research suggests that probiotics such as Bifidobacterium Infantis (B. 
infantis) may have beneficial health effects. The current study investigates whether B. infantis 
can alleviate depressive symptoms in a rodent model of depression. For this, 24 male and 24 
female Sprague-Dawley rats received daily s.c. corticosterone (40mg/kg; to induce depressive-
like behavior) or oil injections (control) coupled with voluntary consumption of a hazelnut cacao 
spread that was either pure (placebo) or mixed with one capsule of B. infantis for 21 days. 
Animals performed the Open Field Test and Forced Swim Test I and II on days 18, 20 and 21, 
respectively and several blood samples were collected to investigate basal as well as stress-
induced corticosterone levels. Preliminary results revealed no significant difference in body 
weight or forced swim test behavior between the probiotic and placebo groups, but the expected 
decrease in body weight and increase in immobility in the Forced Swim Test in the 
corticosterone-treated animals. These results suggest that B. infantis may not be sufficient to 
improve depressive symptoms in our animal model. However, the effects on the brain and 
Hypothalamic-Pituitary-Adrenal axis are still under investigation and a trend for weight and 
behavior changes in females indicates that more research is needed to better understand potential 
sex difference concerning the health effects of probiotics. 

Disclosures:  G.S. Haas: None. S.M. Mooney-Leber: None. W. Wang: None. K.V. Zaric: 
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in mice 



Authors: B. POCHWAT, *B. SZEWCZYK, K. KOTARSKA, G. NOWAK;  
Inst. of Pharmacol. PAS, Krakow, Poland 

Abstract: Depression is one of the most debilitating medical problems concerning modern 
societies. Unfortunately, current pharmacological strategies in the treatment of depression are not 
sufficient, thus the new pharmacological solutions are desirable. Possible route to improve the 
pharmacotherapy of depression is the use of N-methyl-D-aspartate receptor (NMDAR) 
antagonists. These compounds have faster onset of action than classic antidepressants and have 
potential to be used in the acute episodes of depression or even in life threatening cases. 
However, the administration of NMDAR antagonists is limited because of their serious side 
effects. Thus, the strategies that help to decrease the doses of NMDAR antagonists or to extend 
duration of action of these compounds are needed. The aim of the present study was to potentiate 
the antidepressant-like activity of selected NMDAR antagonist by modulator of transient 
receptor potential cation channel, subfamily C, member 6, (TRPC6). As the pharmacological 
tools, we choose hyperforin which is well-known TRPC6 positive modulator and AZD 6765 
which is a low trapping NMDAR antagonist. We have revealed that hyperforin in two doses (2,5 
and 5 mg/kg) exerts its antidepressant-like activity 1 hour and 24 hours after administration in 
tail suspension test (TST) in mice. Similar effects have been observed for the AZD 6765 in the 
dose of 10 mg/kg. Furthermore, hyperforin enhanced the antidepressant-like effect of AZD 6765. 
In details, co-administration of non- effective dose of hyperforin (1 mg/kg, administered 1 hour 
before test) with non-effective dose of AZD 6765 (2,5 mg/kg, administered 1,5 h before test) 
showed antidepressant-like activity in TST. Additionally, co-administration of effective doses of 
hyperforin (2,5 or 5 mg/kg) with effective dose of AZD 6765 (10 mg/kg) increased duration of 
antidepressant effects for 72 hours. These results indicated that hyperforin, the positive 
modulator of TRPC6 may be a useful compound to potentiate the antidepressant activity of 
NMDAR antagonists. 
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Title: Disinhibition of somatostatin-positive interneurons produces antidepressant-like 
consequences in mice 

Authors: *S. J. JEFFERSON1, T. FUCHS1, A. HOOPER2, P. YEE1, J. MAGUIRE2, B. 
LUSCHER1;  
1The Pennsylvania State Univ., University Park, PA; 2Tufts Univ. Sch. of Med., Boston, MA 

Abstract: Major Depressive Disorder (MDD) is associated with deficits in the inhibitory 
neurotransmitter γ-aminobutyric acid (GABA) and antidepressant treatment can normalize these 
deficits. GABAA receptor-deficient mice exhibit a depressive-like phenotype that is normalized 
by conventional antidepressant treatment as well as subanesthetic ketamine injection. We 
hypothesized that enhancing GABAergic transmission in mice through disinhibition of 
somatostatin (SST)-positive interneurons, a subset of GABAergic interneurons that has been 
implicated in depressive disorders, would be sufficient to produce antidepressant-like behavioral 
consequences. To this end, we deleted the γ2 subunit gene of the GABAA receptor (Gabrg2) 
selectively in SST+ interneurons (SSTCre:γ2f/f mice). To facilitate recordings from SST+ 
interneurons we further crossed these mice with a Rosa26-YFP Cre-reporter (SSTCre:γ2f/f

 x 
Rosa26-YFP). A reduction in inhibitory input to SST+ cells was confirmed by voltage clamp 
analysis, which showed a decrease in frequency and amplitude of spontaneous inhibitory 
postsynaptic currents (sIPSCs). SST+ cells also showed increased excitability, as evidenced by an 
increase in input resistance and in the number of current-evoked action potentials. Consistent 
with potentiation of inhibitory synapses of target cells, we observed an increase in sIPSCs in 
pyramidal cells in L2/3 of the cortex and the hippocampal CA1 region. As predicted, the 
behavior of these mice mimicked the effect of anxiolytic and antidepressant drugs. Similar to 
mice treated with rapidly-acting antidepressants, SSTCre:γ2f/f mice showed reduced 
phosphorylation of the eukaryotic elongation factor eEF2 in extracts from the hippocampus and 
medial prefrontal cortex (mPFC). However, unlike mice treated with some rapidly-acting 
antidepressant drugs, the altered eEF2 phosphorylation observed in these mice was independent 
of altered mTOR signaling. Finally, SST mRNA and protein levels were unaltered in brain 
extracts from SSTCre:γ2f/f mice, indicating that potentiation of GABAergic synapses on principal 
cells alone is sufficient to produce an antidepressant-like behavioral and biochemical phenotype. 

Disclosures:  S.J. Jefferson: None. T. Fuchs: None. A. Hooper: None. P. Yee: None. J. 
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Abstract: The noncompetitive N-methyl-D-aspartate (NMDA) receptor antagonist ketamine has 
been shown to produce both rapid and long-lasting antidepressant effects in patients with major 
depressive disorder, including treatment-resistant patients; however, its abuse liability limits its 
outpatient use. Identification of the receptor mechanisms that mediate ketamine’s therapeutic 
effects could help lead to development of novel drug treatments for depression. Using a two-
lever drug discrimination procedure, we previously reported that the discriminative stimulus 
properties of ketamine are shared by other NMDA antagonists (phencyclidine, MK-801 and 
memantine), but not by the antidepressants imipramine and fluoxetine, indicating that ketamine’s 
interoceptive effects appear to be independent of its antidepressant-like properties. In the present 
study selective receptor ligands and drugs from other therapeutic classes were tested to further 
explore the underlying mechanisms that mediate ketamine’s discriminative stimulus properties. 
Male C57BL/6 mice were trained to discriminate 10 mg/kg of ketamine from vehicle in a two-
lever drug discrimination task (10 min injection time, SC). Mice rapidly acquired the ketamine 
discrimination and a generalization curve (2.5 mg/kg - 20.0 mg/kg) was conducted and yielded 
an ED50 = 4.38 mg/kg (95% = CI 4.03 mg/kg-4.76 mg/kg). Substitution testing was conducted 
with raclopride (dopamine D2/3 antagonist), quinpirole (D2/3 agonist), d-amphetamine (dopamine 
reuptake inhibitor), quipazine (serotonin [5-HT] agonist), ritanserin (5-HT2 antagonist), 
ketanserin (5-HT2A antagonist), scopolamine (cholinergic muscarinic antagonist), pyrilamine (H1 
histamine antagonist), prazosin (alpha1 adrenoceptor antagonist), yohimbine (alpha2 
adrenoceptor antagonist), methadone (opioid mu agonist), naloxone (opioid mu antagonist), 
dextrorphan (NMDA antagonist), and the benzodiazepine chlordiazepoxide (GABAA positive 
modulator). None of the selective ligands substituted for ketamine’s discriminative stimulus, nor 
did chlordiazepoxide. The only compound that produced ketamine-appropriate responding was 
the NMDA antagonist dextrorphan. It produced 85.8% ketamine-lever responding at 30 mg/kg. 
These findings replicate our previous report that only NMDA antagonists mimic ketamine’s 
discriminative stimulus, and also replicate findings in ketamine discrimination studies with rats. 



Thus, ketamine’s discriminative stimulus properties appear to be primarily mediated by 
antagonism of glutamatergic NMDA receptors. 

Disclosures:  J.H. Porter: None. S.E. Carlan: None. S.E. Young: None. T.J. Braxton: 
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Abstract: Antidepressant selection on a “trial and error” basis often leads to poor treatment 
outcomes, significant adverse effects and poor treatment adherence. While genetic 
polymorphisms can influence antidepressant responses, their prevalence varies across geographic 
areas. Here we calculated response probabilities to 10 common antidepressants based on 
antidepressant response associated SNP distribution among CEU, MXL, ASW and CHB 
populations (population definitions from HapMap.org). SNPs associated with antidepressant 
responses were rs7997012 for 5-hydroxytryptamine (serotonin) receptor 2A or HTR2A 
(venlafaxine XR), rs2770296 for HTR2A (bupropion), rs352428 for FK506 binding protein 5 or 
FKBP5, rs1954787 for glutamate receptor ionotropic kainate 4 or GRIK4 (citalopram), 
rs61888800 for brain-derived neurotrophic factor or BDNF, rs25531 for solute carrier family 6 
(neurotransmitter transporter, serotonin) member 4 or SLC6A4, rs242941 for corticotrophin-
releasing hormone receptor 1 or CRHR1 (fluoxetine), rs10042486 and rs1364043 for 5-
hydroxytryptamine (serotonin) receptor 1A or HTR1A, rs6314 for HTR2A, rs2472304, 
rs2470890, and rs4646425, rs762551, and rs4646427 for cytochrome P450, family 1, subfamily 
A, polypeptide 2 (CYP1A2), rs6265 for BDNF (paroxetine), rs10042486 and rs1364043 for 
HTR1A, rs4680 for catechol-O-methyltransferase or COMT (fluvoxamine), rs6265 for BDNF 
(mirtazapine), rs352428 for FKBP5 (escitalopram), rs10042486 and rs1364043 for HTR1A 



(milnacipran) and rs61888800 for BDNF (desipramine) [Baskys 2015]. For each antidepressant 
response associated SNP, we calculated allele frequencies associated with the increased 
response. 
CEU and MXL were most likely to respond to bupropion, ASW to mirtazapine and CHB to 
desipramine. The highest response probability for each antidepressant was: CEU, fluvoxamine 
(0.44), milnacipran (0.42); MXL, milnacipran (0.42); ASW, mirtazapine (1.00), bupropion and 
escitalopram (0.98), venlafaxine XR (0.95), paroxetine (0.60) and milnacipran (0.42); and CHB, 
desipramine (0.98), fluoxetine (0.88) and citalopram (0.72). The highest response probability for 
each population was fluvoxamine and milnacipran (CEU), milnacipran (MXL), mirtazapine, 
bupropion, escitalopram, venlafaxine XR, paroxetine and milnacipran (ASW) and desipramine, 
fluoxetine and citalopram (CHB). 

Disclosures:  S. Pospos: None. A. Baskys: B. Contracted Research/Research Grant (principal 
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Title: Bioenergetics of Fluoxetine: a functional proteomic study 
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Abstract: BACKGROUND - Neuroimaging studies on depressed patients showed brain energy 
metabolism abnormalities, followed by the normalization of cerebral bioenergetics after 
antidepressants (ADs) treatment [1]. However, in some experimental studies, ADs are inhibitors 
of mitochondrial function, while in others they have positive effects on mitochondrial energy 
metabolism. These conflicting results are likely due to macro-heterogeneity of brain areas and to 
ADs differential effects on pre-synaptic and on post-synaptic terminals, not considered before 
when evaluating ADs effects on brain mitochondria. 
METHODS - The effects of 21-day treatment with the selective serotonin reuptake inhibitor 
Fluoxetine (10 mg/kg, i.p.) were evaluated on energy metabolism of rat frontal cerebral cortex. 



Two populations of intra-synaptic mitochondria (“light” - LM; “heavy” - HM) were isolated 
according to Villa et al. [2] and the following enzyme activities have been assayed: citrate 
synthase (CS), succinate dehydrogenase (SDH), malate dehydrogenase (MDH) for Krebs’ cycle; 
NADH-cytochrome c reductase (CCR), cytochrome oxidase (COX) for Electron Transport 
Chain; glutamate-oxaloacetate transaminase (GOT), glutamate-pyruvate transaminase (GPT) for 
glutamate and related amino acids metabolism. 
RESULTS - In controls, SDH, COX, GOT and GPT activities were higher in LM versus HM, 
whose metabolic individuality is reflected by enzyme kinetics, as previously shown in 
physiological aging, experimental physiopathology and pharmacological treatments [3, 4]. 
Fluoxetine treatment (1) decreased MDH, SDH and GPT activities in LM; (2) enhanced COX 
and (3) decreased GPT activities in HM. 
CONCLUSIONS - Fluoxetine modified the catalytic properties of energy-linked enzymes 
differentially respect to the types of intra-synaptic mitochondria, explaining at subcellular level 
the conflicting results about the effects of ADs on mitochondria reported in Literature. 
Fluoxetine exerted selective effects on the energy metabolism of pre-synaptic terminals, coherent 
with those previously obtained after Desipramine treatment. From a bioenergetic point of view, 
these results integrate pharmacodynamic features Fluoxetine. This study will proceed evaluating 
the effects of Dsipramine and Fluoxetine on other brain areas. 
REFERENCES - [1] Moretti et al 2003. Mol Psychiatry, 8:773-85; [2] Villa et al 1989. Cell Mol 
Neurobiol, 9:247-62; [3] Villa et al 2012. Neuroscience, 227:55-66; [4] Villa et al. 2013. 
Neurochem Int, 63:765-81. 
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University of Pavia, Italy. 
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Abstract: Aerobic exercise has been commonly associated with decreased risk of developing 
major depression. The neurophysiological mechanisms by which this occurs are not fully 
understood and are key for fully utilizing aerobic exercise as a potential intervention for the 
disorder. One common neurophysiological marker associated with depression risk is the frontal 
alpha asymmetry (FAA). FAA is a ratio of resting brain activity between the left and right PFC 
measured via alpha frequency (8-13 Hz), which relate to approach and withdrawal motivational 
networks respectively. Previous research has shown that aerobic exercise, independent of load, 
positively influences resting state FAA to promote activity less associated with depression risk. 
The fact that changes in FAA are observed after low level exercise intensities raises the 
possibility that this influence on cortical activity is linked to movement rather than the 
cardiorespiratory demand. This work aimed to determine if effects of exercise on FAA observed 
was due to the physiological demand of exercise or rather the bilateral rhythmic movement that 
is common across exercise modes such as running or cycling. The specific purpose of this study 
was to investigate the influence of a moderate aerobic exercise bout and a matched “no load” 
bilateral movement task on FAA. Twelve young healthy subjects (5M, 7F; age 22.3 ±3) 
underwent three sessions in which they performed an experimental condition of either: 1) 
moderate aerobic exercise, 2) “no load” bilateral rhythmic movement or 3) sitting rest. FAA was 
measured pre intervention and 6-38 minutes post intervention. Results showed aerobic exercise 
significantly increased FAA at 22-38 minutes post exercise compared to pre exercise FAA 
levels. There was no significant effect of bilateral movement on FAA at any time period. These 
results suggest that in order for physical activity to cause a beneficial change in FAA, it must 
require some degree of physiological effort or demand to complete. 
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connectivity in the frontal-striatal circuit. 
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Inst. of Sci. and Technol., Okinawa, Japan; 3keio Univ., Mita, Japan; 4Kyoto Prefectural Univ. of 
Med., Kyoto, Japan 

Abstract: Serotonin is a crucial neuromodulator which plays multiple roles including the 
regulation of mood. Human resting-state fMRI (rs-fMRI) studies revealed that serotonergic drugs 
such as selective serotonin reuptake inhibitors (SSRIs) decrease functional connectivity (FC) 
among brain regions regulating mood. While chronic administration of serotonergic drugs 
reduces the symptoms, such as loss of pleasure and depressive mood, in depression patients, their 
acute administration sometime worsens the symptoms. Here we hypothesize that acute 
administration of serotonergic drugs changes functional connectivity among mood-related brain 
regions under resting-state and test it using 11.7 tesla MRI scanner with a cryoprobe (Brucker 
Biospin) with healthy male C57BL/6J mice (voxel size: 150x150x300 (µm); TR: 3.0(s); imaging 
time per session: 10 (min)). Two groups were prepared (n=7 for each group). A group was 
administered with a SSRI, escitalopram (10mg/kg) resolved in saline, while another group was 
administered with only saline. For each group, we administered SSRI or saline one hour prior to 
imaging. Seed-based FC analysis was conducted with functional connectivity toolbox (CONN) 
using 20 seed regions such as the Right/Left amygdala, the Right/Left anterior cingulate cortex 
(ACC), the Right/Left orbitofrontal cortex, and the Right/Left caudate putamen (CPu) from the 
Australian Mouse Brain Mapping Consortium (AMBMC). In line with our hypothesis, FC of the 
left lateral orbital cortex (LO) with the right CPu and right dorsolateral orbital cortex (DLO) was 
significantly reduced (p<0.05, positive false discovery rate for multiple tests (p-FDR)). 
Reduction of FC between the right CPu and the right ventral orbital cortex (VO) was also found 
(p<0.05, p-FDR). Reduction of functional connectivity in the frontal-striatal circuit was 
observed. This concurs with the reduced FC of the circuit in mental disorders including the major 
depression. The frontal-striatal circuitry is known as a pivotal circuit for reward processing and 
motivation. Reduction of the FC in the circuit indicates that acute administration of serotonergic 
drugs suppresses reward processing and motivation, and this suppression might be a mechanism 
causing loss of pleasure under acute administration of serotonergic drugs. 
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Title: Reversal effects of the antidepressant desipramine on resistance of U251/TR cells to 
temozolomide 

Authors: J. MA1, Y.-R. YANG1, J.-J. LIU1, F.-F. LI1, M.-H. CHEN1, H. WANG1, L. WANG1, 
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Abstract: Temozolomide (TMZ) is the most effective chemotherapeutic agent for treatment of 
glioma. However, the efficacy of glioma treatment is severely reduced by the resistance to TMZ. 
Since depressive disorders are common comorbidity in patients with advanced cancer, 
antidepressants have been considered as conventional adjuvant agents for treatment of cancer 
comorbid with depression. Here we examined the effect of desipramine (DMI) on resistance of 
U251/TR cells to temozolomide (TMZ) and the related mechanism. Incubation of U251/TR cells 
with DMI (20-80 µM) or TMZ (0.5-10 mM) alone for 24 h inhibited the cell growth with the 
IC50s 33.4 (± 2.17) µM and 2.5 (± 0.19) mM, respectively (r2=0.983,0.982,P < 0.05). This was 
significantly potentiated by combined treatment with TMZ (1 mM) and DMI (30 µM), indicating 
synergistic cytotoxicity, as also demonstrated by significant nuclear fragmentation and 
condensation following combined treatment with both drugs. In addition, DMI and TMZ in 
combination produced apoptosis in U251/TR cells, which was attenuated by knockdown of 
CHOP using specific short interfering RNAs (siRNAs) that target CHOP. The results suggest 
that DMI reverses resistance of U251/TR cells to TMZ through activation of the CHOP-
dependently apoptosis pathway. The current study provides a primary basis for treatment of 
advanced glioma cancer, particularly with comorbidity of depression, using combination of 
antidepressants such as DMI and anti-tumor drugs such as TMZ. 
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Abstract: Recent research on the mechanisms of intracellular transport of the endocannabinoid 
anandamide by Fatty Acid Binding Proteins (FABPs) and subsequent development of SBFI26, (a 
pharmacological inhibitor of two brain-specific FABPs 5/7) has shown increases in extracellular 
anandamide. The goal of this study was to examine the role of FABPs on sucrose reward and 
depressive-like behavior in wild type and FABP5/7 deficient mice. Results showed that acute 
SBFI26 administration did not have any effect on sucrose preference or consumption in male 
mice. Similarly, SBFI26 treatment did not have any significant difference (compared to vehicle) 
in the forced swim test (FST). Male and female FABP 5/7 deficient mice, however, showed 
significant increases in sucrose consumption compared to their WT counterparts (21.0% and 
19.5% increases, respectively). Assessment of the FST data revealed that FABP5/7 deficient 
mice showed overall lower immobility time. The fact that such differences were seen between 
the acute pharmacological approach and the genetic approach (gene deletion) of FABP inhibition 
needs to be further investigated. It may point to the actions of oleoylethanolamide (OEA) and/or 
palmitoylethanolamide (PEA) which activate the nuclear peroxisome proliferator-activated 
receptor α (PPARα); these related N-acylethanolamines (NAEs) have been previously reported to 
be elevated in FABP KO animals, but not with SBFI26 administration. These findings help 
characterize the behavioral profile for inhibiting FABPs on sucrose reward and depression. 
Further research will be needed to identity the individual contributions FABPs have on AEA, 
OEA, and PEA in reward-related functioning. 
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Title: Hippocampal NR2B-containing NMDA receptors are critical for the antidepressant actions 
of ketamine 
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Abstract: Background: Major depressive disorder is one of the most prevalent and pervasive 
mental illnesses that affect our population today. Current antidepressant treatment often takes 
weeks to have an effect, and many patients do not show substantial clinical improvement. 
Ketamine, an N-methyl-D-aspartic acid receptor (NMDAR) antagonist, has been shown to have 
rapid, long-lasting antidepressant effects in treatment-resistant patients. Here, we investigate 
whether ketamine’s efficacy as an antidepressant is dependent on adult hippocampal 
neurogenesis in concert with the NR2B subunit of the NMDA receptor. 
Methods: We utilized a transgenic approach to ablate the NR2B subunit of NMDAR’s in 6-
week-old adult-born hippocampal neurons in mice. We used two additional models to confirm 
ablation effects on 6-week-old adult born hippocampal neurons: x-irradiation and a GFAP-
thymidine-kinase (TK) genetic model. Mice with or without NR2B were then administered either 



saline or ketamine. We assessed antidepressant effects of ketamine in the forced swim test (FST), 
contextual fear conditioning (CFC), and novelty suppressed feeding (NSF) paradigms. 
Results: Consistent with previous findings, we found that in mice containing NR2B, ketamine 
had antidepressant effects in FST, pro-cognitive effects in CFC, and anxiolytic effects in NSF. 
Deletion of NR2B from 6-week-old adult-born neurons occluded all these effects. Whole cell 
ablation in the genetic or x-irradiation models prevented some of ketamine’s effects. 
Conclusions: These data suggest that 6-week-old adult-born hippocampal neurons expressing 
NR2B are critical for modulating ketamine’s rapid antidepressant response. 
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Abstract: A single subanesthetic dose of ketamine, an NMDA receptor antagonist, leads to fast-
acting antidepressant effects. In rodent models, systemic ketamine is associated with higher 
dendritic spine density in the prefrontal cortex, reflecting structural remodeling that may underlie 
the behavioral changes. However, turnover of dendritic spines is a dynamic process in vivo , and 
the longitudinal effects of ketamine on structural plasticity remain unclear. The purpose of the 
current study is to use subcellular resolution optical imaging to determine the time course of 
dendritic alterations in vivo following systemic ketamine administration in mice. We used two-
photon microscopy to visualize repeatedly the same set of dendritic branches in the mouse 
medial frontal cortex (MFC) before and after a single injection of ketamine or saline. Compared 
to controls, ketamine-injected mice had higher dendritic spine density in MFC for up to 2 weeks. 
This prolonged increase in spine density was driven by an elevated spine formation rate, and not 



by changes in the spine elimination rate. A fraction of the new spines following ketamine 
injection was persistent, which is indicative of functional synapses. In a few cases, we also 
observed retraction of distal apical tuft branches on the day immediately after ketamine 
administration. These results indicate that following systemic ketamine administration, certain 
dendritic inputs in MFC are removed immediately, while others are added gradually. These 
dynamic structural modifications are consistent with a model of ketamine action in which the net 
effect is a rebalancing of synaptic inputs received by frontal cortical neurons. 
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Abstract: The current antidepressants for major depressive disorder (MDD) present a delayed 
therapeutic response, which can negatively impact compliance and/or have severe consequences 
for MDD patients suffering from suicidal ideations. We had previously characterised 
combination treatment strategies [SSRI's & SNRI's with 5-HT1A & alpha2-adrenoceptors 
antagonists, resp.] to hasten antidepressant responses. Currently 'inhibition of NMDAR 
neurotransmission' represents an exciting & novel approach for rapid response, though the 
precise mechanism of action of such potential/novel psychoactive compounds are not yet fully 
characterised. Our drugs of interest were the NMDA antagonist, Ketamine (KET), an old drug 
but with new indications in MDD and VU0409106, a novel, potent & efficacious mGlu5 negative 
allosteric modulator, which produces changes in signalling pathways comparable to KET, 
exemplified by its behavioural effects in our preclinical models of antidepressant-like activity. 
We have employed in-vivo MR Single Voxel Spectroscopy (SVS) to document the dynamic 



neuro-metabolite changes (live flux profiles) over 2hrs, using ultra-high field 9.4T MRI, with & 
without these drug challenge. Male Wistar rats were used in this study; several cohorts went 
through a robust chronic mild unpredictable stress (CMUS) protocol. (I) CMUS led to reduced 
sucrose preference [CMUS: -41.3%, Naive: 0.05%, t-test: p=0.00022], reflecting a lack of 
reward-seeking behaviour (anhedonia). (II) CMUS led to marked change in metabolism: both 
glutamate (Glu) & glutamine (Gln) concentrations relative to total creatine were markedly 
decreased in CMUS compared to controls [Glu: p=0; Gln: p=2.7x10-9], consistent with the 
biogenic amine depletion hypothesis of MDD. Both inositol & total visible choline 
(glycerophosphocholine + phosphocholine) were increased in the CMUS group [Ins: p=4.4x10-
13, GPC+PCh: p=0.0015], which may reflect inflammation & membrane metabolism changes 
respectively, consistent with our previous work in a mouse model of chronic social defeat. Less 
marked decreases in N-acetylaspartate [NAA: p= 0.0039] & Taurine [Tau: p=0.053] were also 
observed in CMUS compared to control. (III) Acute KET leads to Glu depletion over time in the 
control group specifically [Glu: p=0.00049]. (IV) Behaviourally KET & VU0409106 treatment 
increased the sucrose preference in CMUS animals compared to controls [CMUS+KET: 79%, 
CMUS+VU0409106: 74%, Naive: 48%, p<0.01 vs. CMS-Veh]. Our SVS results indicate a 
metabolic fingerprint similar to MDD; further documenting live flux profile with drug challenge 
offers novel insights, with high translational value to MDD clinical research. 
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Abstract: Because depression treatment is often ineffective and slow, ketamine’s rapid 
antidepressant effects provide an exciting alternative. In the past, our lab has shown that acute 
injection of a low dose of ketamine reverses chronic-stressed induced deficits in cognitive 
flexibility mediated in the prefrontal cortex that model cognitive symptoms of depression. One 
such form of cognitive flexibility is reversal learning, mediated in the orbitofrontal cortex (OFC), 
which is compromised by chronic cold stress. We have further demonstrated that acute ketamine 
administration rapidly induces Janus Kinase 2 (JAK2) signaling in the OFC, and that this 
signaling is important for the therapeutic effect on reversal learning in chronically stressed rats. 
We are now investigating the mechanism by which JAK2 signaling in the OFC may mediate 
ketamine’s therapeutic effects on reversal learning. Because ketamine is known to activate 
mammalian target of rapamycin (mTOR) in the pre-frontal cortex (PFC), we tested if this 
signaling molecule is also activated by ketamine in the OFC. We then tested a potential role of 
JAK2 in this activation. 
In a cohort of female Sprague-Dawley rats, half underwent chronic intermittent cold stress 
treatment for 14 days. On day 15, they were given an acute injection of ketamine (10 mg/kg, i.p.) 
and sacrificed 90 min. OFC tissue was collected for western blot analysis. Ketamine induced a 
significant increase in the phosphorylation of ribosomal protein S6, a downstream marker of 
mTOR activation (p<.05). We also observed that the stressed female rats exhibited a trend 
toward a deficit in phosphorylated S6 levels, which was restored to non-stressed control levels 
by ketamine administration. 
To determine if JAK2 participates in the activation of the mTOR pathway by ketamine, male 
Sprague Dawley rats were administered ketamine (10 mg/kg, i.p.) followed 10 min later by a 
JAK2 inhibitor, AG490 (10 mg/kg, i.p.). Two hr after ketamine administration, the animals were 
sacrificed for OFC tissue collection. We examined phosphorylation of S6 as well as Akt, a 
signaling protein that phosphorylates and activates mTOR. We observed a trend for AG490 to 
block the ketamine-induced increase of phosphorylated S6. In addition, JAK2 inhibition 
significantly reduced ketamine-induced Akt phosphorylation (p<.05). These results show that 
ketamine activates the mTOR pathway in the OFC, and JAK2 participates in the ketamine-
induced activation of mTOR. 
We plan on pursuing this further by administering AG490 to male and female Sprague Dawley 
rats that undergo chronic intermittent cold stress. 
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Abstract: Primary neuronal cultures on micro-electrode arrays have a long tradition and are well 
characterized and validated. There is a plethora of literature data documenting their physiological 
relevance in research and drug discovery. Neuronal cell cultures derived from murine and human 
stem cells are delivering increasing insights in neuronal micro-circuitry and are powerful tool in 
phenotypic drug screening. Here we studied ketamine and its effects in a frontal cortex micro-
circuitry. Primary cell cultures show brain region-specific activity pattern which can be clearly 
distinguished by pattern recognition methods. We describe and analyze these activity patterns 
with 204 spike train parameters computed by our in-house software NPWaveX. In case of 
ketamine we performed concentration response experiments with 8 concentrations added to these 
neuronal cell cultures each in an accumulative manner. For each concentration we recorded in a 
stable phase of 30 minutes of spike train activity and calculated for these phases all 204 spike 
train parameter. Afterwards we performed a similarity analysis for these data records with our 
compound profile database of 40 approved clinical drugs at their estimated therapeutic 
concentrations. We separated our data records of ketamine data into low concentrations up to 
100 nM and second for all above. With these two sets we performed a similarity analysis against 
our database. Ketamine showed clearly different induced activity patterns below 100 nM and 
above 100 nM. At high concentrations we saw similarities to NMDA antagonists and anesthetics. 
In the low concentration range we saw similarities mostly to antidepressants, which is in 
agreement with the discussion of ketamine and its anti-depressant action at low concentrations. 
As a control we tested PCP, which didn’t show similarities to anti-depressant compounds, 
suggesting different effects on neuronal function. With this show case we demonstrate the power 
of phenotypic screening with the micro-electrode array technology and a comprehensive multi-
variate data analysis. It still remains open to understand the functional changes of activity pattern 
by anti-depressants in greater detail. This we will study functional models of depression in the 
future. 
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Title: Prophylactic ketamine reduces fear expression but does not facilitate extinction 
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Abstract: Background: Ketamine, an N-methyl-D-aspartate (NMDA) glutamate antagonist, has 
been reported to be an efficacious antidepressant for depression and posttraumatic stress 
disorder, and most recently, to be a prophylactic against stress-induced depressive-like behavior. 
It remains unknown, however, when ketamine should be administered relative to a stressor or 
depressive episode in order to maximize its beneficial effects. Furthermore, it is unknown if 
ketamine can be prophylactic against subsequent episodes. Here, we systematically tested the 
utility of ketamine relative to a fear experience in order to determine the best interval for 



ketamine to be administered in order to reduce fear or to prevent subsequent aversive episodes. 
Methods: Using a 3-shock contextual fear conditioning (CFC) paradigm, we tested if ketamine 
could alter how 129SvEv mice respond to fear. Mice were administered a single dose of saline or 
ketamine (30 mg kg-1) at varying time points before or after CFC, extinction, or reinstatement. 
Results: Mice administered prophylactic ketamine 1 week before, but not 1 month before, CFC 
training exhibited reduced freezing behavior when compared with mice administered saline. In 
contrast, ketamine administration following CFC or during extinction did not alter subsequent 
fear expression. Interestingly, mice administered ketamine 1 h before CFC exhibited increased 
freezing behavior when compared with mice administered saline. 
Conclusions: These data indicate that ketamine can diminish the fear response when given as a 
prophylactic, but not when given immediately before or after an aversive episode. Therefore, 
ketamine may be most useful if administered in a vaccine-like fashion in order to protect against 
fear-inducing stimuli. 
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Abstract: BACKGROUND: The U.S. suicide rate has not significantly changed over the past 50 
years, due, in part, to limited knowledge of suicide neurobiology. An emerging body of literature 
suggests that the N-methyl-D-aspartate receptor antagonist ketamine, which produces a fast-
acting antidepressant effect, may also elicit a rapid anti-suicidal response. Brain-derived 
neurotrophic factor (BDNF), vascular endothelial growth factor (VEGF) and glial-derived 
neurotrophic factor (GDNF) are altered in major depressive episodes and are thought to 
contribute to antidepressant response. Further, research suggests that plasma BDNF and VEGF 
levels may be associated with suicidal behavior. Given these findings, the present study aimed to 



assess whether BDNF, VEGF and GDNF differed by anti-suicidal response to ketamine. 
METHODS: Fifty-three patients with treatment resistant depression (major depressive disorder 
or bipolar disorder types I or II) and current suicidal ideation received intravenous ketamine 
hydrochloride (0.5 mg/ kg) over 40 minutes. Suicidal ideation was assessed using the Hamilton 
Depression Rating Scale (HAMD) suicide item and replicated using Montgomery-Asberg 
Depression Rating Scale (MADRS) suicide item and the first five items of the Scale for Suicide 
Ideation (SSI5). Clinical assessments and blood draws occurred at 60 minutes before, 230 
minutes after and one day after ketamine infusion. ELISAs were used to determine BDNF and 
VEGF plasma levels. Magnetic Luminex multi-analyte kit was used to measure GDNF plasma 
levels. T-tests were used to compare responders and non-responders across measurements where 
responders reported no suicidal thoughts after infusion. RESULTS: On the HAMD, baseline 
BDNF (p=.015) and VEGF (p=.009) were lower in anti-suicidal responders to ketamine at 230 
minutes post-ketamine infusion. Responders had greater increases in BDNF (p=.005) and 
decreases in VEGF (p=.005) at 230 minutes. One day after infusion, responders had an increase 
in BDNF (p=.025). GDNF was not significantly different in responders versus non-responders to 
ketamine. Effect sizes suggested results of analyses using the MADRS suicide item and SSI5 
were generally comparable to those using the HAMD. CONCLUSIONS: This study 
demonstrates that plasma levels of BDNF and VEGF but not GDNF were different in anti-
suicidal responders to ketamine. While analysis is necessary to determine the mechanisms by 
which these molecules are altered, our results suggest that BDNF and VEGF require further 
investigation in the search for biomarkers related to suicide risk. 
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Abstract: Many patients suffering from major depressive disorder (MDD) are resistant to 
traditional antidepressant medications such as selective serotonin reuptake inhibitors or tricyclic 
antidepressants. The primary pharmacological action of traditional antidepressants is thought to 
be acting through blockade of monoamine reuptake, however, recent evidence suggests that other 
neurotransmitters may be involved. Glutamate is the most abundant neurotransmitter in the brain, 
and research supports the idea that N-methyl-D-aspartate (NMDA) glutamate receptors might 
play a role in the therapeutic effect of antidepressants. Ketamine, an NMDA receptor 
antagonist,has promising antidepressant effects in humans, including individuals resistant to 
currently available medications, and this has been replicated in animal models. Ketamine 
produces significant side effects and is abused by some individuals, so it is unlikely to replace 
traditional antidepressants. It is therefore important to better understand ketamine’s 
antidepressant effects and develop alternatives. Past work in our laboratory and others has 
demonstrated that the combination of an NMDA receptor antagonist with a traditional 
antidepressant produces a profound increase in the locomotor stimulant effect of the NMDA 
antagonist. This action points toward potent interactions between traditional antidepressants and 
NMDA receptors. In the current study we examined the locomotor effects of ketamine or MK-
801 in combination with desipramine (DMI), a tricyclic antidepressant, in Sprague Dawley rats. 
We hypothesized that a combination of an NMDA receptor antagonist and DMI would produce a 
stimulation of activity greater than either drug alone. MK-801 (0.1 mg/kg) alone produced a mild 
stimulant effect, and DMI (5.0 mg/kg) alone produced a slight locomotor depression when 
compared to the saline control group. As hypothesized, the stimulant effects of MK-801 were 
enhanced when combined 
with DMI, supporting the idea that DMI interacts with glutamatergic systems. Ketamine (10 or 
30 mg/kg) alone produced a short-lived stimulation of locomotor activity. However, in contrast 
to MK-801, DMI inhibited the locomotor stimulant effect of ketamine. The results suggest that 
ketamine differs from MK-801 and other NMDA receptor antagonists in its interaction with 
DMI. We are investigating potential explanations for the unique actions of ketamine. 
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Abstract: Objective: Intravenous infusion of low-dose ketamine, a glutamate N-methyl-D-
aspartate (NMDA) receptor antagonist, was found to have a rapid and robust antidepressant 
effect in treatment resistance depression (TRD), which was paralleling with increased glucose 
metabolism in the frontal area by PET-FDG. The aim of the study is to investigate the role of 
frontal EEG as predictor for clinical response to Ketamine in treatment resistance depression 
(TRD) via a wireless EEG device. Methods: patients received a randomized, controlled trial of a 
single dose of ketamine infusion, comparing the effect of active dose (0.2 ~ 0.5 kg/mg)(N=36, 
F/M=30/6, age: 47.0 ± 12.8 years) and placebo (normal saline)(N=18, F/M = 13/5, age ± SD: 
51.0 ± 7.6 years ). All patients received mood evaluation(HAMD_17) before and after infusion. 
Responder was identified (>= 50% reduction of baseline depression symptoms at 240 minutes 
post-infusion). Five - minute electroencephalography (EEG) was recorded via a wireless EEG 
device with 4 prefrontal dry-contact sensors in baseline (0 min) and post-treatment (240 min), 
respectively. EEG power and hemispheric asymmetry were calculated in the delta, theta, low 
alpha and high alpha bands. Results: In active dose group, we found 16 responders and 20 non-
responders with HAMD_17 score reduction of 51% and 17%, respectively vs. 20% in the 
placebo. During pre-treatment, the EEG power analysis indicated that ketamine responders had 
lower relative theta and low alpha power relative to non-responders (p < .05). Using machine-
learning technology, we classified responders and non-responders with 80.0 ± 9.8% accuracy, 
81.5 ± 8.4 % sensitivity and 92.4 ± 7.6 % specificity based on EEG power features. Further, in 
the responders, we found that ketamine increased the low relative alpha power (p<0.01) and 
decreased its hemispheric (Fp2-Fp1) asymmetry over bilateral frontals (p < .05), which was 
observed in neither non-responders nor placebo controls. Conclusion: The results of this study 
provided the evidence of immediate changes of frontal activity may account for rapid clinical 



response of ketamine and the pre-treatment frontal brain activity measured by simple EEG 
device might be a biomarker for better outcome prediction. 
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Abstract: Ketamine (Ketalar®) is currently evaluated in clinical trials for its efficacy in 
treatment of major depression. The objective of the study was to evaluate, by use of 
microdialysis, the effects of acute administration of racemic ketamine and its isomer S(+)-
Ketamine on extracellular levels of neurotransmitters Glu, GABA, DA, NE, 5-HT and their 
acidic metabolites DOPAC, HVA and 5-HIAA in the medial prefrontal cortex (mPFC) and 
ventral hippocampus (vHPC) of awake rats and mice. Amino acids, monoamines, their 
metabolites were measured by liquid chromatography with tandem mass spectrometry (UHPLC-
MS/MS). Both S(+)-ketamine (30 mg/kg) and ketamine increased the Glu levels to about 160% 
of controls at 40 min and 90 min, respectively. Similarly, the DA and NE levels increased to 
178% and 145%, respectively, whereas the 5-HT and GABA levels were not affected. 
Concentrations of ketamine and S(+)-ketamine in the brain microdialysates were correlated to 
the levels of neurotransmitters allowing to estimate the PK/PD relationship. 
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Abstract: One of the most striking discoveries in the treatment of major depression was the 
finding that infusion of a single sub-anesthetic dose of the N-methyl-D-aspartate (NMDA) 
receptor antagonist ketamine induces rapid and sustained antidepressant-like effects in treatment-
resistant depressed patients and in animal models of depression. However, ketamine’s 
antidepressant-like actions are transient and can only be sustained by repeated drug treatment. 
Despite the fact that women experience major depression at roughly twice the rate of men, 
research regarding the neurobiological antidepressant-relevant effects of ketamine has focused 
almost exclusively on the male sex. Notably, knowledge regarding the sex-differentiated effects, 
the frequency and the dose on which repeated ketamine administration stops being beneficial and 
becomes harmful, is limited. In the current study, we investigated the behavioral, neurochemical 
and synaptic molecular effects of repeated ketamine treatment (10 mg/kg; 21 days) in C57BL/6J 
mice of both sexes. We report that ketamine induced beneficial antidepressant-like effects in 
male mice, but induced both anxiogenic (i.e. decreased time spent in the center of the open field 
arena) and depressogenic effects (i.e. enhanced immobility duration in the forced swim test; 
FST) in their female counterparts. Moreover, repeated ketamine treatment induced sustained sex-
differentiated neurochemical and molecular effects, as it enhanced hippocampal synapsin protein 
levels and serotonin turnover in males, but attenuated glutamate and aspartate levels in female 



mice. Taken together, our findings indicate that repeated ketamine treatment induces opposite 
behavioral effects in male and female mice, and thus, present data have far-reaching implications 
for the sex-oriented use of this drug in both preclinical and clinical research settings. 
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Abstract: Despite very promising rapid and sustained antidepressant effects, the use of ketamine 
to treat refractory depression is limited by adverse effects, including those related to its abuse. 
Previously, we demonstrated that activation of a circuit from the ventral hippocampus (vHipp) to 
the medial prefrontal cortex is both necessary and sufficient for ketamine’s sustained 
antidepressant-like effects in rats. In order to test the hypothesis that augmentation of 
hippocampal activity is capable of producing a sustained antidepressant-like response without 
also producing abuse-related effects, we evaluated effects of L-655,708, a negative allosteric 
modulator of alpha-5 GABAA receptors, as these receptors are selectively expressed in the 
hippocampus. Similar to ketamine, systemic administration of L-655,708 produced an 
antidepressant-like effect in the forced swim test that was apparent one week following a single 
administration. Transient bilateral inactivation of the vHipp by lidocaine at the time of L-
655,708 administration prevented this effect, suggesting that hippocampal activity at the time of 
drug administration is necessary for its sustained antidepressant-like effect. Unlike ketamine, 
which disrupted the inhibition of acoustic startle response by a weak prepulse stimulus intensity, 
L-655,708 did not affect prepulse inhibition suggesting that it does not impair sensory-motor 
gating. In addition, when evaluated in rats trained to self-administer ketamine, L-655,708 failed 
to maintain responding at levels that were any different than vehicle suggesting that it would 
have no (or low) abuse liability. Taken together, these findings suggest that selective activation 
of the vHipp by a negative allosteric modulator of alpha-5 GABAA receptors is capable of 



producing a sustained antidepressant-like effect in the absence of any psychotomimetic or abuse-
related effects. By identifying pharmacological interventions that recapitulate the therapeutic 
effects of ketamine without its psychotomimetic and abuse-related effects, it should be possible 
to provide novel, safe, and effective approaches for treating patients suffering from refractory 
depression. 
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Abstract: At subanesthetic doses, ketamine has been shown to be a fast acting antidepressant. 
However, ketamine is also psychotomimetic at the same doses. Evidences suggest that the 
prefrontal cortex (PFC) plays a major role in both the antidepressant and psychotomimetic 
effects of ketamine. To further understand the mechanism of action of ketamine, we investigated 
the effects of ketamine on PFC pyramidal neurons using in vivo single-cell recording in chloral 
hydrate-anesthetized male rats. PFC local field potentials (LFP) recorded from the same 
electrodes were also studied. We found that under baseline conditions, PFC LFP showed a 
pronounced slow oscillation (0.3-1.5 Hz) between the up and down states. The recorded 
pyramidal neurons fired only during PFC up states. Ketamine at doses starts from 1.25 mg/kg 
(i.v.) significantly reduced the firing activity of pyramidal neurons and decreased the duration of 
up states. Both effects were mimicked by the selective NMDA receptor channel blocker MK801 
(0.125-1mg/kg), but not by Ro 25-6981(2.5-10mg/kg), an antagonist selective for NMDA 
receptors containing the NR2B subunit. The dopamine (DA) receptor antagonist fluphenazine 
(1mg/kg), previously shown to block the inhibition of PFC neurons induced by phencyclidine (an 
analogue of ketamine) (Gratton, Hoffer and Freedman. 1987), failed to prevent or reverse the 
effect of ketamine. These results suggest that ketamine inhibits pyramidal neurons by blocking 



NMDA receptor, and the effect does not involve DA receptor activation. The finding that 
MK801 but not Ro 25-6981 mimicked the effect of ketamine further suggests that non-NR2B 
containing NMDA receptors play a major role in the inhibitory effect of ketamine on PFC 
pyramidal neurons. 
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Title: Effects of ketamine on dendritic spine plasticity in animal depression model 
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Abstract: Depression is a mental disorder that is affecting 350 million people worldwide. 
Although the number of individuals with depression is constantly growing, the understanding of 
the pathogenesis of depression is still insufficient and effective treatments are lacking. 
Functional and structural deficits in the prefrontal cortex have been shown in major depressive 
disorder patients and chronic restraint stress (CRS) depression animal model, for example, 
retraction of dendrites, loss of dendritic spines, reduced expression of synaptic proteins, and 
altered synaptic transmission. Ketamine, a N-methyl-D-aspartate receptor antagonist, has gained 
interest as an antidepressant in recent years based on its rapid antidepressant effects in clinical 
studies. It has been proposed that ketamine enhances excitatory drive through disinhibition of 
excitatory pyramidal neurons by preferential suppression of parvalbumin interneurons and 
promotes synaptogenesis. However, the effects of ketamine on dendritic spine plasticity in 
animal depression model remain unclear. Here we used high resolution transcranial two-photon 
microscopy to investigate the effects of CRS and ketamine on the dendritic spine plasticity of 
layer V pyramidal neurons in the frontal association cortex. We found that CRS significantly 
increased the rate of spine elimination and reduced the rate of spine formation before the onset of 
depression-like behavioural symptoms. In addition, we found that ketamine reversed the effects 



of CRS on dendritic spine plasticity. We will further investigate the potential involvement of 
parvalbumin interneurons in the antidepressant effects of ketamine on dendritic spine plasticity 
in the CRS depression model. 
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Abstract: Racemic ketamine is well known as an N-methyl-D-aspartate (NMDA) receptor 
antagonist for its many useful clinical effects as well as a schizomimetic drug of abuse. 
Depending on its concentration or dose racemic ketamine also interacts with non-NMDA 
glutamate receptors, hyperpolarization-activated cyclic nucleotide channels, nicotinic, 
muscarinic, cholinergic and monoaminergic neuromodulation including serotonin and dopamine, 
kappa, delta and mu opioid receptors, nitric oxide/cGMP system, neurosteroids, and L-type Ca2+ 
channels. The concentrations of racemic ketamine for clinical and basic research studies both in 
vivo and in vitro very widely from 50 to 10,000 ng/mL (0.21 - 42.1 nmol/ml). Human anesthetic 
blood concentrations are greater than 2,000 with peak levels as high as 10,000 ng/ml. Patients 
return to consciousness ~1,000 ng/ml. Racemic ketamine with plasma concentrations of ~400 
ng/ml via i.v. and as low as 40 ng/ml via oral administration has analgesic and antidepressant 
effects. Since 1963 S(+)-ketamine was found to be the more potent and effective enantiomer than 
R(-)-ketamine. However, in 2014, Zhang et al. (Pharmacology, Biochemistry and Behavior 116 
(2014) 137-141) reported R(-)-ketamine in equal doses to be a more potent antidepressant in 
mice than S(+)-ketamine with no psychomotor effects.For low dose racemic ketamine, its 
NMDA antagonism and serotonin reuptake inhibition appear to be its major mechanisms of 
action. Compared to S(+)-ketamine, the less potent enantiomer R(-)-ketamine requires many 
additional studies for its analgesic and antidepressant effects. 
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Abstract: Females are twice as likely to suffer from depression as compared to males, with 
many experiencing mood disorder symptoms during periods of ovarian hormone fluctuations. In 
addition to disparity in depression prevalence among the sexes, there are also established sex 
differences in antidepressant response. The NMDA receptor antagonist, Ketamine (KET), has 
shown promise as a rapid-acting antidepressant, exerting effects within hours of treatment. There 
is a growing wealth of data regarding the neural mechanisms that mediate the rapid 
antidepressant effect of KET (e.g., BDNF and mTOR), yet sex differences in the molecular 
mechanisms of KET remain to be resolved. Our group previously reported that female rats are 
more sensitive to the antidepressant-like effect of KET, an effect mediated by the ovarian 
hormones estrogen (E2) and progesterone (P4). The present study aimed to: 1) determine if 
C57BL/6 mice display sex differences in KET sensitivity, 2) determine the role of endogenous 
ovarian hormones and their respective receptor subtypes to promote KET sensitivity, 3) and 
examine whether the same molecular mechanisms mediating ketamine antidepressant effects 
described previously in male rodents also apply to females. KET (0, 1.5, or 3 mg/kg, i.p.) was 
delivered 30 min prior to a forced swim test. Consistent with prior reports, male mice had 
reduced time immobile following 3 mg/kg KET. Females had reduced immobility after treatment 
with both 1.5 and 3 mg/kg KET; this increased sensitivity to KET was observed exclusively in 
proestrus (Pro, ovarian hormone peak) and not in diestrus females (D1, ovarian hormone nadir). 
We then treated D1 females with an agonist for ERα (PPT), ERβ (DPN), or P4 24 h prior to 
treatment with KET (1.5 mg/kg). Only PPT- and DPN-treated mice exhibited less time immobile 
when treated with KET, suggesting that E2 increases KET sensitivity via action at both ERα and 
ERβ. Since many of the rapid intracellular signaling cascades initiated by KET within the 



hippocampus (HPC) (e.g., PI3K, mTOR) are also influenced by E2, we used Western blot to 
investigate their shared targets. Our analysis revealed an ovarian hormone-mediated sex 
difference in levels of KET-induced phosphorylation (p-) of Akt, p-CaMKIIα, and p-mTOR at 
the lowest KET dose but not at the highest dose. Together these data suggest that E2 increased 
behavioral sensitivity to KET at the lowest dose by enhancing KET effects on PI3K, CaMKIIα, 
and ultimately mTOR within the HPC to enhance translation of synaptic proteins. We are now 
conducting functional studies to firmly implicate some of these cascades and their targets in the 
E2-mediated enhancement in ketamine sensitivity. 
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Abstract: Basal ganglia are considered as a key structure for reward-based learning and 
voluntary motor control. Traditionally, D1 and D2 receptor-expressing striatal neurons have been 
considered to be segregated as direct and indirect pathways and play opposing roles in motor 
control and reward-based learning. However, recent studies have shown that the direct and 
indirect pathways are not clearly segregated and that the two pathways are activated 
concomitantly in association with movement initiation, suggesting complementary roles of the 
direct and indirect circuits in the functioning of the basal ganglia. In this study, under the 
hypothesis that the direct and indirect pathways are involved in learning from both positive and 
negative outcomes, we examined neural activity related to positive and negative reward 
prediction errors in each pathway. For this, we recorded responses of optogenetically-tagged D1 
and D2 type medium spiny neurons (MSNs) in the dorsomedial striatum of D1 and D2 Cre mice, 
respectively, performing a probabilistic Pavlovian conditioning task. Some of D1 (10 out of 40, 
25%) as well as D2 type (11 out of 39, 28%) MSNs showed significant linear response to 
positive reward prediction error in rewarded trials. In unrewarded trials, a larger proportion of 
D2 type MSNs (15 out of 39, 38%) responded significantly to negative reward prediction error 
compared to D1 type MSNs (7 out of 40, 17%; χ2-test, p=0.0377). These results, although 



preliminary, suggest that both D1 and D2 type MSNs encode positive as well as negative reward 
prediction errors, and that D2 type MSNs may play a more dominant role in signaling negative 
prediction error. 
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Abstract: Phasic discharges of midbrain dopamine neurons are correlated with reward 
prediction error (RPE). Traditionally, dopamine has been thought to broadcast RPE signals to 
different areas of the brain. However, previous studies have shown that signals necessary to 
computer RPE, namely chosen value and trial outcome signals, converge in dopaminoceptive 
regions of the brain, such as striatum and orbitofrontal cortex, suggesting local computation of 
RPE. To address this issue, we examined RPE-related neural activity in the dorsal striatum of 
rats performing a probabilistic Pavlovian conditioning task after depleting dopaminergic fibers 
with 6-hydroxy dopamine, which was confirmed by amphetamine-induced rotational bias. We 
found that the fraction RPE-coding striatal neurons in dopamine-depleted animals was no smaller 
than that in sham-lesioned animals. Our results support the view that RPE is computed locally in 
the striatum rather than being driven by dopaminergic inputs. 
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Abstract: Even though the frontal cortex-basal ganglia circuit is known to play an important role 
in interval timing, it remains unclear how different components of this circuit contribute to 
interval timing. We have shown previously that some neurons in the rat medial prefrontal cortex 
(mPFC) convey temporal information in the form of monotonically changing (ramping) activity 
in a temporal bisection task, and that mPFC neuronal ensemble activity is tightly correlated with 
time interval discrimination behavior of the rat (Kim et al. 2013). In the present study, we 
examined neuronal activity in the dorsomedial and dorsolateral striatum in rats performing the 
same temporal bisection task and compared with the previously recorded mPFC neuronal 
activity. Few striatal neurons showed prolonged ramping activity found in the mPFC, and the 
majority were active only briefly during specific epochs of a sample interval. Also, compared to 
mPFC neurons, striatal neurons showed weaker tendency for logarithmic encoding of time, and 
their activity was less closely correlated with the animal’s judgement of time. Our results show 
that the mPFC and striatum convey temporal information based on distinct underlying neural 
processes, and suggest that the mPFC plays a more important role than the striatum in controlling 
interval timing behavior. 
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Abstract: We have shown previously that strong neural signals for chosen value and choice 
outcome converge in the orbitofrontal cortex (OFC) in rats performing a dynamic foraging task. 
OFC neuronal activity was correlated with both bidirectional reward prediction error (RPE) and 
updated chosen value, suggesting local computation of RPE and value updating in the OFC. As a 
first step toward investigating neural circuit mechanisms of value computation in the OFC, we 
examined discharge patterns and stimulation effects of parvalbumin (PV)-expressing neurons in 
the mouse OFC. For this, we injected Cre-dependent virus carrying channelrhodopsin into the 
left or right OFC of PV-Cre mice, and trained them in a dynamic foraging task in a modified T-
maze. We then implanted an optical fiber and an array of tetrodes in the OFC, and recorded unit 
signals with and without optical stimulation. We found that optogenetically-tagged PV neurons 
convey neural signals necessary to compute RPE, namely chosen value and choice outcome 
signals, when the outcome of the animal’s choice was revealed. This finding suggests that PV-
expressing neurons in the OFC participate in RPE computation and value updating. Unilateral 
optical stimulation during the reward period, during which RPE computation and value updating 
are thought to be accomplished, strongly suppressed discharges of optogenetically-untagged 
OFC neurons. However, optical stimulation had no effect on behavioral performance, and value-
related neural activity in the subsequent behavioral stages was not significantly different between 
optically stimulated and unstimulated trials. These results indicate that locally suppressed value-
related neural activity in the OFC can be readily recovered. 
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Abstract: Neuronal discharges in the prefrontal cortex (PFC) are strongly influenced by 
expected value and trial outcome. However, responses of different PFC neuron subtypes to these 
variables are not clearly understood. In this study, we monitored discharges of optogenetically 
identified parvalbumin (PV)- and somatostatin (SOM)-expressing neurons in the mouse 
prelimbic cortex during a probabilistic classical conditioning task. We found that PV and 
putative inhibitory interneurons (fast-spiking cells that were not optogenetically tagged) decrease 
and increase their firing rates following reward and punishment, respectively. By contrast, 
putative pyramidal neurons (regular-spiking cells that were not optogenetically tagged) were 
activated by reward and inhibited by punishment. SOM neurons, as a population, showed 
inconsistent responses to reward and punishment. During the cue and delay periods, SOM and 
putative pyramidal neurons showed stronger cue-specific responses than PV and putative 
inhibitory interneurons. In conclusion, PV neurons signaled both reward and punishment, with 
their response directions opposite from those of putative pyramidal cells, and SOM neurons and 
putative pyramidal neurons conveyed expected value signals. 

Disclosures:  D. Kim: None. H. Jeong: None. J. Lee: None. M. Jung: None. 



Poster 

737. Neural Mechanisms of Value-Based Decision-Making 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 737.06/HHH7 

Topic: H.01. Animal Cognition and Behavior 

Support: Institute for Basic Science (IBS-R002-G1) 

Title: Effect of optogenetically stimulating mossy fiber terminals on spatial firing of CA3 
neurons 

Authors: *J. LEE1,2, E. CHO1, Y. KANG1, J. LEE1, M. JUNG1,2;  
1Ctr. For Synaptic Brain Dysfunctions, IBS, Daejon-City, Korea, Republic of; 2Biol. Sci., Korea 
Advanced Inst. of Sci. and Technol., Daejeon, Korea, Republic of 

Abstract: It is unclear whether and how discharges of dentate gyrus (DG) granule cells shape 
spatial firing of CA3 neurons in behaving animals. To investigate this matter, we injected Cre-
dependent virus carrying a channelrhodopsin-2 variant (ChETA) to the dorsal DG of Rbp4-Cre 
mice that were trained to navigate a circular track to obtain water reward at two opposite 
locations. We then implanted an optical fiber and an array of tetrodes in CA3 region, and 
examined effects of optogenetically stimulating mossy fiber terminals on spatial firing of CA3 
neurons. We found that some CA3 neurons could be reliably activated by optogenetic 
stimulation of mossy fiber terminals. As a consequence, their spatial firing on the maze was 
changed during optogenetic stimulation. Further, a subset of them maintained altered spatial 
firing even after turning off the stimulation. These results indicate that optogenetic stimulation of 
mossy fiber terminals can drive discharges and influence spatial firing of CA3 neurons in 
behaving animals. It is difficult to directly map our findings to effects of granule cell discharges 
on CA3 neuronal activity under natural conditions, because our stimulation is likely to activate a 
large number of mossy fiber terminals simultaneously. To address this issue, examining effects 
of inactivating DG granule cell inputs on CA3 neuronal activity is currently under way. 
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Abstract: In order to investigate hippocampal neural substrates of sequence memory, we 
recorded CA1 neuronal activity in rats performing a spatial sequence discrimination task. The 
maze contained a figure 8-shaped section through which the rats could navigate in one of four 
different spatial sequences (left-left, left-right, right-left and right-right) to obtain water reward. 
Each session consisted of four blocks of trials that were associated with four different correct 
sequences. The order of correct block sequences was pseudo-randomly determined, and each 
block consisted of a training (5 trials) and a test (15 trials) phase. We found three types of CA1 
neural activity that conveyed sequence information. First, place fields in the common part of the 
maze were completely or partially remapped across different blocks. Second, neuronal 
population vector during the delay period (2-s time period before the onset of navigation through 
the figure 8-shaped section) changed across blocks. Third, a brief (~400 ms) and rapid replay of 
a particular place cell sequence during the period of immobility was found to be correlated to the 
place cell sequence in the current block more than expected by chance. Our results show that 
CA1 has multiple mechanisms for conveying spatial sequence information. It remains to be 
determined how they are related to remembering and generating spatial sequences. 
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Abstract: We have shown previously that dorsal CA1 of the rat hippocampus conveys robust 
value signals. Here we examined behavioral effects of inactivating dorsal CA1 and CA3 on 
value-based decision making. We injected Cre-dependent hM4Di virus bilaterally into dorsal 
CA1 and CA3 of Camk2a-Cre and Grik4-Cre mice, respectively, and trained them in a dynamic 
two-armed bandit task. The mice were then tested in the task following clozapine-N-oxide 
(CNO, 5mg/kg, i.p.) or vehicle (DMSO) injection. A reinforcement learning model-based 
analysis revealed that learning rate (α) was slightly, but significantly lower in CNO- compared to 
vehicle-injected Camk2a-Cre mice. However, the randomness in action selection (β) was not 
significantly different between the two animal groups. Consistent with these results, the 
proportion of rewarded trials was significantly lower in CNO- compared to vehicle-injected 
Camk2a-Cre mice during the dynamic state (early trials after changing reward probabilities), but 
not during the steady state (late trials after changing reward probabilities). No significant effect 
of CNO injection was found whatsoever in Grik4-Cre mice. These results show that inactivation 
of dorsal CA1, but not CA3, impairs value learning without influencing value-dependent action 
selection. Our results suggest the involvement of dorsal CA1 not only in episodic learning, but 
also in incremental value learning. 
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Abstract: Chronic methamphetamine (MA) abuse produces long-term cognitive deficits on 
learning and memory (L&M). We have demonstrated that allocentric L&M in rats is disrupted 
by treatment with a neurotoxic regimen of MA as assessed using the Morris Water Maze 
(MWM). Human studies also demonstrate that long-term MA usage negatively impacts working 
memory. Rodent models, however, have only demonstrated subtle or transient effects on 
working memory. The aim of this study was to examine whether a neurotoxic binge MA model 
(4 x 10 mg/kg at 2 h intervals) in adult male Sprague-Dawley rats would result in deficits in 
working memory. Two separate experiments were conducted. Rats were treated with MA or 
Saline and allowed to recover for 2 weeks. In the first experiment, a MWM matching-to-sample 
(MTS) procedure was used with one sample trial and two recall trials given each day for 6 days. 
The first recall trial occurred immediately after the sample trial, while the second recall trial 
occurred 30 min after the sample trial. In the second experiment, brain tissue was collected for 
analysis of monoamines 2 weeks after treatment. Monoamines were analyzed by HPLC-ECD. In 
the MTS task, a significant effect of MA was detected at the time point immediately following 
the sample trial, i.e., animals treated with MA were negatively affected in their ability to find the 
platform compared with controls. Animals treated with MA also performed worse than controls 
at the 30 min time point, although this only approached significance. Further analysis revealed 
that animals treated with MA had more difficulty switching strategies as evidenced by spending 
significantly more time in quadrants where the platform resided the previous day. Analysis of 
monoamines showed significantly decreased levels of dopamine and serotonin in the dorsal 
striatum and nucleus accumbens. Serotonin levels were also significantly decreased in the 
hippocampus. These data provide a foundation to examine the mechanism underlying working 
memory deficits following MA neurotoxicity. 
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Abstract: Lateral hypothalamus (LH) orexinergic system has direct connections with the ventral 
tegmental area (VTA) and this areas have a key role in the acquisition of conditioned place 
preference (CPP) induced by chemical stimulation of the LH. Nevertheless, it remains unknown 
what is the function of two kinds of orexin receptors and the interaction between the orexinergic 
and cannabinoid systems in the reward circuit. In this study, we tried to clarify the involvement 
of orexin-2 (OX2) and CB1 receptors within the VTA in development of CPP after chemical 
stimulation of the LH by carbachol. Rats were implanted by two separate cannulae into the LH 
and VTA, unilaterally. The CPP paradigm was done; conditioning scores and locomotor 
activities were recorded by Ethovision system. Results showed that administration of TCS OX2 
29 as a selective OX2 receptor antagonist (1, 3 and 10 nM/0.3 µl DMSO) and AM251 as a 
selective CB1 receptor antagonist (5, 25 and 125 µM/0.3 µl DMSO) into the VTA just 5 min 
prior to microinjection of carbachol (250 nM/0.5 µl saline) into the LH during the 3-day 
conditioning phase, could inhibit the development of CPP. On the other hand, concurrent 
injection of effective doses of TCS OX2 29 and AM251 into the VTA could reduce conditioning 
scores significantly. In addition, ineffective doses of both antagonists into the VTA concurrently 
did not have any effects on the LH-induced CPP. Our findings showed that OX2 and CB1 
receptors have a critical role in modulating the reward circuit in the VTA. Moreover, results of 
this study suggest that cannabinoid and orexinergic systems within the VTA act through the 
same post receptor mechanism to show the rewarding effects of LH stimulation in the rats. 
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Abstract: The efficient organization and communication of brain networks underlies cognitive 
processing and pathological behaviors. However, few studies have focused on whole-brain 
networks in the maladaptive consumption behaviors such as obesity and alcohol use disorders. 
Here we use a novel multi-echo resting state functional MRI technique along with a data-driven 
graph theory approach to assess global and regional network characteristics in obesity, alcohol 
use disorder (AUD) and binge drinking (BD). Multi-echo resting state functional MRI scans 
were taken from 40 obese subjects, 39 AUD subjects, 61 BD subjects and their matched healthy 
control groups. The normalized correlation across 90 regions of interest (ROI) from the 
Automated Anatomical Labeling template was estimated, and global and regional network 
properties were computed in the binarized networks. Group difference in region-to-region 
connectivity was assessed using Network Based Statistics. We show that obese subjects have 
significantly reduced local efficiency and modularity exhibiting disrupted local clustering and 
small-world network properties. Obese subjects also showed decreased connectivity of cortico-
striatal- thalamo-cortical networks related with motor function along with increased nodal degree 
in visual cortices. Subjects with alcohol use disorders showed significantly increased network 
assortativity along with decreased connectivity of both motor and prefrontal cortico-striatal 
networks. That subjects with binge drinking lacked significant differences from healthy 
volunteers suggests a role for chronic alcohol exposure in mediating these findings. Using a data-
driven graph theory analysis approach, we highlight impairments in cortico-striatal networks 
across both obesity and alcohol dependence. These findings are consistent with theories of habit 
formation implicating a shift towards putaminal regions. Alterations in brain networks may act as 
potential biomarkers and therapeutic targets in disorders of addiction. 
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Abstract: It is generally accepted that prior experience can have a significant impact on 
subsequent learning. This can be seen in work on fear generalization in which prior fear 
conditioning can induce generalized fear responses to stimuli that were never explicitly paired 
with an aversive stimulus but are similar, in various ways, to the paired stimuli. How prior 
experience can influence exactly what is being learned during subsequent tasks remains less 
clear. We compared the effects of training with trace fear conditioning (TFC), in which the 
pairing of an auditory conditioned stimulus (CS) with an aversive foot shock (UCS) is separated 
by a brief stimulus free period, or explicitly unpaired presentations of the CS and UCS, on the 
behavioral expression of previously acquired contextual memories. On day 1 (L1) in context A 
(CXT A), animals were given 1 of 4 different experiences. They either remained in the home 
cage (HC), or received an unsignaled foot shock immediately upon being placed into CXT A 
(IMM), shock after a 180s delay (CFC), or not at all (CE). These treatments allowed us to 
delineate the effects of a second learning experience on groups of animals that learned different 
things about CXT A. Rats were given TFC or unpaired CS/UCS presentations as a second 
learning procedure (L2) in a novel context (CXT B) 24 hours after L1. Memory for the L1 
training experience was tested in CXT A 48 hrs after L2 training. Previous work has shown that 
time spent in the training context prior to foot shock presentation is required for the formation of 
a context fear memory. For example, foot shock presentation 180s after being placed in the 
training context but not when presented immediately results in robust context freezing 24 hrs 
later. Our results support this immediate shock deficit but only when rats received unpaired 
CS/UCS presentations as L2. In comparison, when given TFC as L2, rats given immediate shock 
at L1 showed fear responses when tested in CXT A. Interestingly, no differences were found in 
CXT A freezing for the context exposure (CE) group, regardless of L2 treatment suggesting that, 
in general, the way in which later learning can influence the expression of prior context 
memories may depend on what was learned during those previous experiences. Current work is 
investigating the contributions of the amygdala, hippocampus and prefrontal cortex in mediating 
this effect. 
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Title: Exploring contributions of stimulus modality and stimulus-stimulus contingencies to the 
cortical organization of remote fear memory 
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Abstract: Long-term memories may undergo systems consolidation, a gradual transition to 
distributed neocortical memory storage that develops through time-dependent changes in cortico-
cortical functional connectivity. How the specific information encoded at the time of learning 
shapes the organization of this remote form of memory in the brain is not well understood. Here 
we begin to examine modality-specific and cross-modal involvement of secondary sensory 
cortices in remote fear memories by manipulating the modality of and predictive relationship 
between multiple sensory cues at the time of learning. Specifically, using second-order fear 
conditioning with discrete auditory and visual cues, learning-dependent neural plasticity in 
secondary auditory (AuV/TeA) and visual (V2L) cortices was examined. Time-dependent 
increases in the expression of the synaptic marker synaptophysin were observed as a function of 
conditioning with auditory and visual stimuli in AuV/TeA and V2L, respectively, which is 
consistent with the idea that patterned changes in cortical synaptic connectivity reflect the 
specific content of stored information. Functionally, remote retrieval of either the first-order 
auditory conditional stimulus or the second-order visual conditional stimulus was associated with 
significantly greater expression of the neuronal activity marker zif268 in AuV/TeA relative to 
recent retrieval controls. These data suggest that secondary sensory cortices may store modality-
specific information at remote time points, but may also exhibit cross-modal recruitment at the 
time of retrieval if the initial learning involves the association of multiple cues. Together, these 
results support an encouraging new approach to understanding the organizational principles of 
neocortical memory storage. 
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Abstract: The generalization of fear is characterized by abnormal fear responding to safety cues 
and elevated amygdala activity, and is common in individuals diagnosed with post-traumatic 
stress disorder. Differential fear conditioning provides a way to measure learned fear responses, 
as well as the factors contributing to the generalization of fear. During conditioning, two auditory 
cues are presented where one is consistently paired with a foot shock (CS+) and one is never 
paired with shock (CS-). Differential responding between cues demonstrates discrimination, 
while heightened responding to the CS- is considered generalization of fear. Discrimination 
learning depends on a network of brain structures, with a majority of the work focusing on 
elevated amygdala activity as a critical component underlying generalization. Synapses in the 
amygdala, representing information from auditory cortex (ACx) and medial thalamus (MgN), 
undergo plastic changes in response to fear conditioning and are major contributors to the degree 
of fear expression to both CS+ and CS-. Heightened ACx or MgN presynaptic input contributes 
to elevated amygdala activity underlying fear generalization. However, the contribution of MgN 
and ACx inputs to the amygdala leading to generalization remain unclear. Recent work illustrates 
that ACx activity may not be the primary factor underlying elevated responding to safety cues, 
while the MgN has been implicated in the encoding of a differential fear memory and 
generalization of auditory cues. The effects of MgN inhibition on amygdala activity as well as 
the molecular mechanisms underlying MgN-dependent fear memory discrimination and 
generalization have not been directly tested. Persistent fear responding is mirrored by surface 
expression of amygdala AMPA receptors, which can serve as molecular markers for fear 
memory formation. Amygdala AMPA receptor are immediately post synaptic to MgN terminals, 
providing an approach to measure thalamo-amygdala synaptic modifications related to fear 
learning. Here we characterize the role of the MgN in supporting differential fear memory 
formation and expression and looked at molecular mechanisms underlying increases in fear 
expression to CS-. We found that protein synthesis dependent plasticity in the MgN is critical for 
the consolidation of a differential fear memory as well as the update from low to high 
generalization of fear. Furthermore, MgN protein synthesis modulates amygdala synaptic 
scaffolding and AMPA receptor expression underlying fear memory formation. 
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Abstract: It is well accepted that the amygdala is required for the acquisition, retrieval and 
expression of a conditional fear memory. For instance, presentation of the conditional stimulus 
(CS) elicits neural spiking in the lateral amygdala (LA) that correlates with fear 
acquisition/expression. However, behavioral expression of fear persists well beyond bursts of LA 
activity, suggesting that LA activity does not maintain behavioral fear responses during the entire 
CS period. Recent evidence suggests that activity of the prelimbic cortex (PL) is required for 
conditional fear expression and that PL unit activity persists throughout presentation of the CS at 
retrieval. Fear expression also depends on activity in both the medial central nucleus of the 
amygdala (CeM) and the ventrolateral part of the periaqueductal gray (vlPAG). However, our 
present understanding of LA, PL, CeM, and vlPAG function comes primarily from 
electrophysiological recordings and pharmacological manipulations or lesions that render the 
structure(s) impaired for an imprecise duration of time following drug administration. To 
understand the specific time-dependent role of the LA-PL-CeM-vlPAG circuit during memory 
retrieval, activity within each of these regions was optogenetically inhibited using virally-
mediated expression of the light-driven proton pump ArchT (AAV-CAG-ArchT-GFP) in a 
temporally precise manner during auditory CS presentations. Animals were trained with auditory 
fear conditioning and exposed to two 30-second white noise CS presentations during a retrieval 
session. In one condition, laser stimulation occurred simultaneously with the CS (100% temporal 
overlap). In a second condition, animals received an equal amount of laser stimulation that was 
shifted starting 15-seconds after CS onset (50% temporal overlap). We found that: 1) inactivation 
of LA only impaired CS freezing in the 100% overlap condition; 2) inactivation of the PL, CeM 
and vlPAG impaired CS freezing in both the 100% and 50% overlap conditions; 3) inactivation 
of ArchT-containing CeM inputs terminating in the vlPAG during CS presentation impaired 
freezing. These results indicate that fear expression is triggered by initial LA activity and 



maintained by persistent neuronal firing of the PL, CeM and vlPAG. By achieving within-CS 
temporal resolution of neural inhibition, the current study provides new insight into the neural 
network responsible for maintaining behavioral control during memory retrieval. A deeper 
understanding of how fear is maintained through a distributed neural network will provide new 
therapeutic targets for aberrant fear memory expression exhibited in many psychiatric disorders. 
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Abstract: Humans and rats exhibit deficits in episodic/explicit memories with normal aging. 
Recent research implicates ubiquitin proteasome system (UPS)-mediated protein degradation as 
a key factor in the synaptic plasticity supporting memory formation and retrieval. In rats, normal 
aging leads to decreased basal proteolytic activity in several brain structures known to support 
acquisition and retrieval of trace fear conditioning (TFC) memory. Using adult (3 months), 
middle-aged (15 months), and aged (22 months) F344 rats, we show that UPS-mediated protein 
degradation in the amygdala and prefrontal cortex is decreased in aged rats following TFC 
memory retrieval, as evidenced by reduced phosphorylation of RPT6, a known regulator of 26S 
proteasome activation. Additionally we show decreased clearance of polyubiquitinated protein in 
the amygdala of aged rats following retrieval. Compared to young adult animals, aged rats also 
displayed altered levels of a known target of the AMPA receptor associated synaptic scaffolding 
protein SHANK – a UPS target – following retrieval. Finally, we investigated whether impairing 
proteolysis in the amygdala of young adult rats would lead to a deficit in TFC. Pre-training 
infusions of the proteasome inhibitor clasto-Lactacystin ß-lactone into the amygdala of adult rats 
significantly impaired trace fear memory when tested 24 hours following acquisition. These data 
suggest that the deficit in TFC observed in aged rats may be due, in part, to a decrease in 



plasticity-dependent protein degradation. These experiments augment the growing body of 
literature indicating that stimulation of the proteasome could offer a novel means of treating 
cognitive decline during normal aging. 
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Abstract: Memories for associations learned during Pavlovian fear conditioning are rapidly 
acquired, robust and long lasting and provide an ideal model for studying long-term fear memory 
formation and storage. During training, a conditional stimulus (CS) acquires aversive value 
through pairings with an unconditional stimulus (UCS), and memory for this association is stored 
through a protein-synthesis dependent consolidation. During retrieval, re-exposure to the CS 
renders the memory temporarily labile and new protein synthesis is necessary for the transfer of 
the memory back into long-term storage, a process called reconsolidation. Reconsolidation is 
thought to occur each time a memory is retrieved, providing a potential means of intervention to 
disrupt or modify established fear memories. The reconsolidation process is dependent on 
protein degradation, de novo protein synthesis, and GluR2-AMPA receptor trafficking in the 
amygdala and occurs in the presence of new information during the retrieval session (e.g., 
Jarome et al., 2015). Interestingly, the association learned during fear conditioning can be 
updated or “reevaluated” during retrieval, allowing for strengthening or weakening of the 
original memory. Very little is currently known about the mechanisms responsible for 
modification during retrieval and how it relates to reconsolidation. Here we characterized 
behavioral and molecular mechanisms underlying contextual fear memory updating in rodents by 



modifying the memory during a brief retrieval session. We trained rats to associate a novel 
context (CS) with a foot shock (UCS) and the following day changed the value of the UCS by 
weakening the shock intensity. Surprisingly, we found the presentation of two foot shocks of 
weaker intensity during retrieval heightened fear responding on a later test, suggesting that the 
addition of new information during retrieval modifies the original aversive value which is 
reflected in elevated fear expression. Furthermore, we found that inhibiting proteasome activity 
or GluR2 endocytosis in the amygdala prevented memory strengthening, suggesting that 
updating was likely occurring through reconsolidation of the original memory trace. These 
results may have important therapeutic implications for memories for traumatic events that are 
resistant to modification. In future experiments, we plan to determine if destabilization occurs in 
the same cells that are activated during retrieval dependent reevaluation. 
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Abstract: There is a wide interest in memory reconsolidation as a target to treat pathogenic 
memories; despite, mechanistically vague boundary conditions have been described that 
constrain the likelihood of a memory from being destabilized after recall. It has been reported 
that inhibiting synaptic protein degradation prevents memory destabilization. However, whether 
the reverse relation is true and whether it can be utilized to overcome these boundary conditions 
is still unknown. Here, we show that induction of autophagic protein degradation enhances 
synaptic destabilization in a long-term potentiation (LTP)-reconsolidation model in freely 
moving rats, and enhances fear memory destabilization in a contextual fear reconsolidation 
paradigm in mice. Furthermore, autophagy induction overcomes a boundary condition for 
auditory fear memory reconsolidation. The autophagy induction effects are dependent on AMPA 
receptor endocytosis and correlates with its degradation in ensemble neurons. Our results 
complement the evidence for a causal relationship between protein degradation and memory 
destabilization, give more insight on the mechanisms of memory destabilization and the 
boundary conditions, and suggest autophagy inducers as a useful tool for the treatment of 
memory-related psychological diseases such as post-traumatic stress disorder (PTSD). 
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Abstract: Saturation of the hippocampal long-term potentiation (LTP), a cellular basis of 
learning and memory, impairs hippocampus-dependent learning. This impairment recovers in 
parallel with the LTP decay. However, the driving factor that regulates the recovery of learning 
capacity remains unclear. Neurogenesis occurs in the brain of adult mammals throughout life and 
is involved in the decay process of hippocampus-dependency of memories. Here we show that 
adult neurogenesis plays a crucial role in the maintenance of hippocampal capacity for learning. 
Delivery of repeated high frequency tetanic stimulation (rHFS) to perforant pathway saturated 
the dentate gyrus LTP and impaired the learning capacity in contextual fear conditioning (CFC), 
a hippocampus-dependent learning task, whereas it had no effect on the hippocampus-
independent learning. The impaired learning capacity completely recovered after 14 days when 
LTP decayed. Ablation of neurogenesis by X-ray irradiation retained the hippocampal LTP and 
delayed the recovery of learning capacity from the saturation. Similar results were obtained when 
repeated maximum electroconvulsive shock was employed to saturate the hippocampal LTP. 
Moreover, enhancing neurogenesis by running wheel speeded up the decay of LTP from the 
rHFS-induced LTP saturation and exhibited an earlier recovery of learning in the CFC task. 
These results indicate that the learning capacity gradually recovered in parallel with the gradual 
decay of LTP and decreased neurogenesis delayed the recovery of learning by retaining the 
rHFS-evoked LTP level whereas increased neurogenesis accelerates the recovery process. Our 
findings unravel a new role for neurogenesis, suggesting that adult neurogenesis is crucial for 
renewal of the hippocampal memory circuits. 
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Abstract: Memory retrieval process is imbued with multisensory cues such as sights, sounds, 
smells and tastes, which lead to its prior memories and emotions. These distinct units of 
information that have been stored in the brain are sometimes reactivated excessively and interact 
to generate a new associative memory, which can leads to psychiatric disorders. Previous studies 
suggested that retrieval-induced reactivation of emotional memory plays a potential role in the 
interaction with pre-existing memory. 
However, it has been uncertain at the level of neuronal ensemble how two distinct memories are 
reorganized to generate and integrate an associative memory. 
Here, to address this issue, we conceived of the combination of two amygdala-dependent 
behavioral paradigms, conditioned taste aversion task (CTA) and auditory cued fear conditioning 
(AFC). Mice were trained in CTA and AFC independently, where animals did not associate these 
two paradigms. After each memory was formed, animals received, in the reactivation session, 
synergistic and repetitive presentations of the condition stimuli (CS) for CTA and AFC, which 
induced the retrieval of both associative memories at the same time. We found that presenting 
the CS of CTA triggered the condition response of AFC such as freezing-like behavior, 
suggesting that the reactivation session leads to the interaction between CTA and AFC 
memories. After undergoing both CTA and AFC retrievals, Arc/Homer1a catFISH analysis 
elucidated an increase in the ratio of co-sharing neuronal subpopulation (overlapping ensemble) 
in the basolateral amygdala (BLA). We then optogenetically silenced AFC ensemble in BLA, 
which was specifically activated in the conditioning, during the reactivation session by applying 
the tet-OFF lentiviral vector encoding archaerhodopsin (ArchT) to the c-fos tTA transgenic mice. 
Suppression of the AFC ensemble activity impaired the freezing-like behavior that was, in 
control case, triggered by presenting the CS of CTA and decreased the proportion of the 
overlapping ensemble between the CTA-retrieval and AFC-retrieval ensembles. We also found 
that optogenetic silencing the activity of the overlapping ensemble, which was generated by 
repeated activation during AFC and CTA retrieval, was sufficient to reduce the freezing-like 
behavior. Importantly, original memories in both CTA and AFC were intact through the whole 
test sessions but only the linkage between CTA and AFC memories was interrupted. 
Taken together, our findings provide new insight into a specific neuronal ensemble shared with 
two independent memories, which was generated through multiple reactivations, subserve an 
associative memory. 
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Abstract: In the usual contextual fear conditioning, the animals have two types of learning [(1) 
learning the context (CS) and, (2) learning the association between the context (CS) and the 
shock (US)]. Because these types of learning co-occur during conditioning, it is difficult to 
identify brain regions required for CS-US association. In this study, we modified behavioral 
paradigm, context-pre-exposure facilitation effect (CPFE) paradigm, in which the mice received 
paired or unpaired presentations of the CS and US during conditioning. Using this behavioral 
paradigm, we performed Arc CatFISH method to detect brain regions required for the CS-US 
association and found that parietal association cortex (PtA) responded to CS-US signals. To 
elucidate roles of PtA in CS-US association, we examined whether manipulating the PtA activity 
by optogenetics technique generate artificial CS-US associative memory. By employing 
lentivirus harboring 3GTRE-ChR2-EYFP and cfos-tTA transgenic mice, we labeled a subset of 
PtA neurons that responded to CS context. Optical stimulation of these PtA neurons, when mice 
received footshock in a different context, generated a false memory, in which mice showed a 
freezing response in the initial context where mice did not received footshock. These finding 



suggest that optical stimulation of the PtA cellular ensemble is capable of generating an artificial 
CS-US associative memory. Furthermore, we asked whether manipulating the PtA activity by 
optogenetics technique regulates CS-US associate memory that has been once formed. We 
labeled with ArchT-EYFP a subset of PtA neurons of cfos-tTA transgenic mice that responded 
during reactivation. Optically silencing these PtA neurons, when mice were exposed to CS 
context 24h after reactivation, suppressed associative memory. However when mice were again 
tested 24h later, mice showed high freezing, indicating that PtA regulates memory retrieval. On 
the other hand, 15min optical silencing immediately after CS exposure 24h after reactivation 
suppressed fear memory when mice were tested 24h later without optical silencing, indicating 
that manipulating the PtA activity by optogenetics technique erase CS-US associative memory. 
From these findings we concluded that optical manipulation of PtA activity regulates contextual 
fear memory. 
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Abstract: The current experiments examined the effects of DREADD-mediated inactivation of 
hippocampal neurons on memory retrieval and consolidation. To do this, we expressed the 
inhibitory DREADD hM4di (driven by the synapsin1 or CaMKII promoter) in the dorsal 
hippocampus of wild-type mice. Two weeks after AAV infusions, animals were trained in 
contextual fear conditioning. For the retrieval experiments, animals were tested one hour after 
receiving an IP injection of either CNO or DMSO. For the consolidation experiments, animals 
were given water bottles containing either CNO or DMSO 1 day after training. Ten days later, 
they were tested. Freezing was used as an index of memory and expression of the immediate-



early gene (IEG) c-Fos was used as a measure of neuronal activation. As expected, Syn-Hm4Di 
animals treated with CNO showed impaired memory retrieval and consolidation. Unexpectedly, 
these same animals showed significantly higher levels of c-Fos expression (3x) than their 
DMSO-treated counterparts. Our results are consistent with a recent paper that 
demonstrated promoter-specific effects of Hm4Di inhibition in the dorsal hippocampus (A. 
Lopez et. al, 2016). In this paper (and in our experiment) the behavioral effects of synapsin1-
promoted Hm4Di are likely due to silencing of inhibitory neurons, which then increases the 
activity of pyramidal cells (A. Lopez et. al, 2016). In our CaMKII-Hm4Di experiment, we found 
that animals receiving CNO did not exhibit impaired memory retrieval 
despite showing significantly lower levels of c-Fos expression than their DMSO-treated 
counterparts. This lack of an effect may reflect compensation by other brain regions at the time 
of testing as has been reported by other groups when prolonged silencing methods are used 
(Goshen et. al., 2011) Studies are currently being conducted to determine if CaMKII-hM4Di 
mediated silencing impairs memory consolidation.  
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Abstract: According to the theory of systems consolidation, the brain circuits required to 
successfully retrieve a memory depends on the age of the memory itself. Specifically, the theory 
claims that newer (recent) memories are hippocampal dependent while older (remote) memories 
are hippocampal independent. The claim that the hippocampus plays a temporally-limited role in 
memory retrieval is based partly on data from patients with hippocampal/medial temporal lobe 



(HPC/MTL) damage who exhibit temporally-graded retrograde amnesia. This observation led to 
the idea that, over time, memories undergo a stabilization process (i.e. consolidation) which 
transforms or transfers the initial representation from the hippocampus to cortical networks. This 
transfer is thought to depend upon the hippocampus reinstantiating specific patterns of neuronal 
activity in corresponding cortical networks. Our group recently provided direct evidence (Tanaka 
et al., 2014) that reactivation of a specific ensemble of hippocampal neurons is necessary (1) for 
the successful retrieval of a recently formed memory and (2) for the normal reactivation of 
cortical (entorhinal, retrosplenial, and perirhinal) ensembles.  Using similar methods, the current 
study aims to extend these findings by testing the time-dependent involvement of the 
hippocampus at remote time points. To do this, we performed bilateral infusions of a viral 
construct containing a double-inverted floxed version of the light-sensitive proton pump, 
archearhodopsin (FLEX-ArchT). Following a one-week recovery period, mice were handled 
daily for 5-7 days, then taken off of doxycycline for three days prior to context fear training. 
During context fear training, active neurons expressed ArchT and were tagged with H2B-GFP. 
Immediately after training, mice were placed back on doxycycline to prevent any non-specific 
tagging and were left undisturbed until testing day. 14 days later, mice were randomly assigned 
to a Laser-ON or a Laser-OFF group and tested in the same training context. Our preliminary 
data suggest that selective silencing of the tagged HPC ensemble (Laser-ON group) at 14 days 
does not impair memory retrieval, compared to the Laser-OFF group.  Subsequent analyses will 
include a characterization of reactivation in the hippocampus and in corresponding cortical 
regions to determine which brain circuits are most critical in the successful retrieval of remote 
memories. 
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Abstract: Memories formed as a result of threatening events can have debilitating effects on 
quality of life. Solutions to treat these memories are limited to behavioural therapies and non-
specific pharmacotherapy. Neither behavioural therapies nor current pharmacotherapy have a 
lasting effect on memories and quality of life. Pavlovian threat (fear) conditioning results in 
changes to neural plasticity in the amygdala, specifically in the dorsal subdivision of the lateral 
amygdala (LAd), where plastic changes to the microcircuitry occur. Plastic changes include 
increases in the number of neurons expressing pMAPK/ERK activity and changes to the 
structure and shape of the neuron including changes to dendritic spines. Modifications to 
plasticity occur during both initial memory consolidation and subsequent reconsolidation of fear 
memories. MEK inhibitors, upstream inhibitors of pMAPK/ERK activity are known to block 
pMAPK/ERK activity when administered both intra brain and systemically and also block initial 
consolidation and reconsolidation of threat memories. However the precise effect of MEK 
inhibitors on different sub-regional microcircuitry is unknown. Our initial data suggests that the 
number of neurons in the LAd expressing pMAPK/ERK is significantly reduced (by up to 90%) 
following a systemic injection of the MEK inhibitor SL327. In conclusion these data provide 
initial microcircuit level analysis of the effects of MEK inhibitor on neural microcircuits 
underlying threat memories. 
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Title: Brain dynamics in fear memory: a small-animal Positron Emission Tomography study of 
its expression, labilization and reconsolidation. 
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Abstract: It is now very well stated that consolidation is the process by which new information 
is encoded in neural circuits. However, once a memory is consolidated it does not remain stable 
indefinitely. Not only can it change with time but also with experience. In particular, when a 
reminder of the learning event is presented to an animal that has learnt something new, the 
memory and thus the neural circuits that encode that memory become labile and need a process 
of reconsolidation to be re-stabilized. This is crucial for the modification of existing memories as 
it enables changes in its strength and/or content. For the past decades, 
labilization/reconsolidation processes have been extensively studied from behavioral, cellular 
and molecular approaches but no whole-brain studies have emerged to elucidate neural circuits 
and brain areas subserving memory dynamics during these processes in small animals. In this 
work, we studied the male mouse brain from a functional perspective using small-animal 
Positron Emission Tomography (PET), and [18F]-deoxyglucose (FDG) as the radioactive 
compound, thus measuring differential glucose consumption. The main objective was to study 
which brain areas were involved in labilization/reconsolidation of fear memory using a 
contextual fear conditioning paradigm in mice. For that purpose we injected the mice with FDG 
intraperitoneally at different times pre/post re-exposure to the training context, then anesthetized 
the mice with isoflurane and acquired images through a PET scanner. We found differences in 
glucose consumption mainly in zones comprising the ectorhinal cortex, the temporal association 
cortex, hippocampus and amygdala in re-exposed animals compared to non-re-exposed animals. 
The differences in glucose consumption showed a marked temporal course, were context-
specific, and were either hyper- or hypo-consumptions. Moreover, animals that only evoked but 
did not labilized the memory trace showed significant differences compared to mice that 
labilized and reconsolidated. Our work opens new insights in the study of the dynamics of 
activation of brain areas during memory labilization/reconsolidation by using a novel technique 
for the field, which in combination with others like immunofluorescence, DREADDS and 
electrophysiology helps to unravel the pending question about circuits involved in 
labilization/reconsolidation. 

Disclosures:  V. De La Fuente: None. C. Medina: None. G. Falasco: None. L. Urrutia: 
None. S. Vázquez: None. M.E. Pedreira: None. A. Romano: None. 



Poster 

738. Memory Consolidation and Reconsolidation: Fear Conditioning Circuits 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 738.15/HHH27 

Topic: H.01. Animal Cognition and Behavior 

Support: SK project 

 JSPS KAKENHI (15H04258) 

Title: Increased spine density in Arc-expressing neurons after contextual fear memory retrieval 
in the mouse hippocampus 

Authors: K. MINATOHARA1, M. AKIYOSHI1, Y. TAKAHASHI1, H. BITO2, *H. OKUNO1;  
1SK project, Med. Innov Ctr., Kyoto Univ. Grad Schl of Med., Kyoto, Japan; 2Dept. of 
Neurochemistry, The Univ. of Tokyo Grad. Sch. of Med., Tokyo, Japan 

Abstract: The expression of immediate early genes (IEGs) such as Arc and c-fos, which is 
rapidly induced after learning in a subset of neurons in the brain, is required for long-term 
memory formation. These IEG-expressing neurons likely encode and retain information that is 
required for memory recall. When a memory is recalled, at least some of these neurons are 
reactivated, thus inducing IEGs that facilitate memory reconsolidation and updating. However, 
synaptic changes related to memory reconsolidation/updating in the neurons activated during 
memory retrieval remain unclear. To address this question, we analyzed morphological changes 
of dendritic spines in the activated neurons expressing Arc after contextual fear memory 
retrieval. We previously generated transgenic mice expressing a destabilized yellow fluorescent 
protein, Venus, with the C-terminal PEST sequence under the control of Arc promoter (Arc-pro-
Venus-pest Tg mice) to specifically label neurons that express Arc in response to neuronal 
activation (Vousden et al., 2015). We trained these Tg mice in a contextual fear conditioning 
paradigm; the mice showed comparable ability with wild-type mice to retain fear memory 
assessed 24 hours after training. To evaluate the levels of Arc expression induced by memory 
retrieval in hippocampal CA1 pyramidal neurons, we quantified fluorescent intensities of the 
Venus reporter in the somata of the hippocampal neurons in brain sections fixed 2 hours after the 
retrieval test. This analysis revealed that the CA1 neurons displayed graded Venus intensities 
rather than an all-or-none profile, consistent with the immunofluorescence analysis for 
endogenous Arc expression. In order to visualize and analyze dendritic spine structures of these 
neurons, we sparsely labeled these neurons with a red fluorescent protein by adeno-associated 
viral infection, and classified them into two groups based on the Venus intensities in their cell 
bodies: high-Arc-expressing and low-Arc-expressing neuron groups. Comparing spine densities 
and spine morphology between these two groups revealed increased spine density and decreased 
spine head size in the high-Arc-expressing neurons (P < 0.05 for both; Mann-Whitney U test). 



These results suggest that plastic changes in synaptic connections specific to the neurons 
activated during memory recall may play critical roles in updating and reorganizing previously 
acquired memory traces. 
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Abstract: How are choices made within constantly-changing noisy environments ? The gradual 
accumulation of noisy evidence is considered to be a fundamental component of decision 
making. Previous work has characterized the evidence accumulation process in a static 
environment, finding that rats and humans can accumulate evidence with a memory time 
constant longer than the trial duration (Brunton, Science 2013). However, complex decisions 
involve environments with statistics that change over time. In a changing environment, the 
optimal evidence accumulation strategy involves the additional task of discounting old evidence 
that may no longer inform the current state of the world (Glaze et al., eLife 2015; Veliz-Cuba et 
al., arXiv 2016; Barack et al., 2016). We trained rats on an auditory decision making task in a 
changing environment, to assess if and how rats can accumulate and discount evidence. Using 
high-throughput behavioral training and quantitative modeling, we find that rats can discount 



evidence under such changing conditions. We are currently gathering data to determine the 
specific linear or nonlinear discounting strategy. Our study offers the first evidence that, within a 
dynamically changing environment, rats can perform a gradual evidence accumulation decision-
making task. This opens up the opportunity to use rodents towards unraveling the complex 
interplay between accumulation and discounting of evidence in an environment where the 
statistical structure changes over time. 
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Abstract: A hallmark of higher cognition is our ability to flexibly select, based on context, the 
information relevant to guiding our decisions. Understanding the neural mechanisms underlying 
this fundamental cognitive process is a major unsolved question. To address this issue, we have 
devised a high-throughput, computer-automated procedure to efficiently train rats to perform a 
task requiring flexible, context-dependent selection and integration of sensory information 
(adapted from Mante et al., Nature, 2013). In our task, rats are presented with a 1.3s-long train of 
5ms, randomly-timed auditory pulses. Each pulse is played either from a speaker to the animal's 
left or from a speaker to their right, and each pulse is either low-frequency (6.5 KHz) or high 
frequency (14 KHz). In blocks of "location" trials, rats are rewarded if they turn, at the end of the 
stimulus, towards the side that had played the greater total number of pulses, ignoring the 
frequency of the pulses. In blocks of "frequency" trials, rats are rewarded for orienting left if the 
total number of low frequency pulses was higher than the total number of high frequency pulses, 
and orienting right otherwise, ignoring the location of the pulses. For any given pulse train, 
correct performance thus requires selecting the relevant feature, depending on task context. Our 
preliminary behavioral data suggest that rats can learn to perform this behavior after 



approximately 4 to 5 months of training. Because information is delivered in randomized, yet 
precisely-known pulses, statistical methods can be applied to precisely characterize the animals’ 
behavior. Preliminary data suggest that the rate of accumulation of both context-relevant and 
context-irrelevant sensory information is approximately constant throughout the stimulus 
presentation. In summary, our results demonstrate that rats are a viable model to study context-
dependent feature selection for decision-making, and open the door to the use of the rich 
experimental tools available in rodents to dissect the neural mechanisms underlying flexible 
feature selection. 
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Abstract: Behavior in various tasks cannot be seen as an isolated phenomenon out of the 
context, that is, the brain is constantly engaged in storing new memories and executing actions 
while integrating incoming sensory input with past memories and subject’s internal model of the 
task. Working memory (WM), the ability to store and manipulate information for short periods 
of time, is an example where contextual information, given specifics of the past history, becomes 
an integral part of perception and memory. A particular type of WM task, called Parametric 
Working Memory (PWM), is delayed comparison, the sequential comparison of two graded 
stimuli separated by a delay period of a few seconds, which forces the subject to maintain an 
analog value in memory. We have developed an auditory delayed comparison task in rats, 
adapted from a tactile task (Fassihi and Akrami et. al 2014, Akrami et al 2015). On average, rats 
show a remarkable ability to hold information about the first stimulus in their memory for up to 
10s. A salient feature of PWM is that it is adaptive to various factors in the task, e.g the saliency 
of the stimuli, the delay duration, and interestingly, task history. Using a regression model to 
quantify the animals’ behavior, we show how performance on each trial depends on the reward 
history (Busse et al 2011), as well as the stimulus history. These biases are similarly observed in 
human subjects performing a similar PWM task. For the first time we carry out local optogenetic 



inactivations of Posterior Parietal Cortex (PPC) in rats which is assumed to be involved in 
working memory. We found that, surprisingly, some PPC inactivations improve performance. 
Quantitative analyses suggest that this may be due to a reduction in the biases caused by the 
history of recent trial rewards and punishments, as well as sensory stimuli. Furthermore, 
electrophysiological recordings from PPC does not show its involvement during the delay period 
but rather show neurons carry significant amount of information about the subject’s recent 
experience of sensory stimuli as well as their recent choices and rewards. These results suggest a 
crucial history-dependent contribution of PPC to working memory behaviors and specifically to 
longer scale memory of past sensory inputs that span over several trials. 
Akrami A, El Hady A, Kopec CD, Brody C (2015) Time dependent involvement of Posterior 
Parietal and Prefrontal cortex in a rat auditory parametric working memory task, SfN2015. 
Fassihi* A, Akrami* A, Esmaeili V, Diamond ME (2014) Tactile perception and working 
memory in rats and humans. PNAS. 
Busse, Laura, et al (2011) "The detection of visual contrast in the behaving mouse." The Journal 
of neuroscience 
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Abstract: The accumulation of sensory evidence is a crucial aspect of perceptual decision-
making, and it involves complex neural computations requiring sensory processing, weighing of 
sensory evidence for or against a decision, as well as short-term memory of accrued evidence. 
Given this complexity, it is likely that many cortical areas are causally involved in evidence 



accumulation. However, little is known about which areas are necessary for this crucial cognitive 
function. To tackle this question, we implanted VGAT-ChR2-EYFP mice with a transparent 
skull preparation, allowing optical access to the entire dorsal surface of the cortex, and 
inactivation of discrete cortical patches by activating ChR2-expressing GABAergic neurons 
(Guo et al., 2014, Neuron). Head-fixed mice were trained on a novel virtual navigation-based 
visual accumulation task (Koay et al., SFN Abstracts 2015; see also Koay et al., SFN 2016), 
wherein they navigate a T-maze to retrieve water rewards from one of the two arms. While the 
animals run up the central stem of the virtual T salient visual stimuli (vertical columns, or 
towers) appear on either side, distributed as a spatial Poisson process of different rates (cue 
region, 200 cm). After a memory region without any stimuli (100 cm), the animal then makes a 
right or left to turn to indicate which side had the highest total number of towers. The visual 
stimuli thus need to be incrementally accumulated towards a decision. Mice achieved high 
overall performance (~ 80% correct), were sensitive to the difference in right and left towers, and 
incrementally accrued evidence, as revealed by psychometric functions and a psychophysical 
reverse correlation analysis (Brunton et al., 2013, Science). We then used a blue laser coupled to 
a 2D scanning galvanometer system to comprehensively and systematically inactivate discrete 
cortical patches while mice performed the task. Whole-trial inactivation of several visual cortical 
regions and association cortex resulted in decreases in performance, observed in VGAT-ChR2-
EYFP mice but not in control mice. We are currently carrying out finer temporal inactivation, 
e.g. only during the cue or memory periods, to allow us to tease apart the individual 
contributions of these areas to specific computations in the task. Identifying these regions will be 
crucial to guide future cellular-resolution studies to understand the neural circuit computations 
underlying evidence accumulation for decision-making. 
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Abstract: Behavioral experiments have raised a number of quantitative, testable hypotheses 
about how the brain encodes accumulated evidence in favor of a decision, in both rodents 
[Brunton, Botvinick & Brody, 2013; Scott et al, 2015], and primate studies [Gold & Shadlen, 
2007]. Experimental advances now support recordings and imaging in the frontal orienting field, 
secondary visual cortex and posterior parietal cortex during accumulation of evidence tasks, 
[Scott et al, in prep; Hanks et al, 2015]. Here, we combine analysis of the resulting population 
data with neural network modeling of both the behavioral process and the neuronal dynamics to 
identify mechanisms in cortical circuits that provide the type of working memory involved in 
evidence accumulation [Pereira & Wang, 2014; Wang, 2012]. In most models, memories are 
stored over short periods of time by persistent neural activity, particularly through fixed points 
[Hopfield & Tank, 1985; Hopfield, 2015; Amit & Brunel, 1995; Hansel & Mato, 2001]. 
Recently, an alternative mechanism has been suggested involving richer patterns of population 
activity - neural sequences [Rajan, Harvey & Tank, 2016]. We have studied the role of neural 
sequences in mediating memory for evidence accumulation and discrimination tasks. The main 
hypothesis is that diverse and transient sensory responses distributed across a neural population 
encode accumulated evidence in working memory during these tasks. 
To test this hypothesis, we trained recurrent networks of model neurons to perform evidence 
accumulation tasks based on comparison of stimuli of two different magnitudes. The trained 
networks produce sequential activity to support short-term memory and contain both partially 
structured connectivity for stimulus integration and evidence accumulation, combined with 
random connectivity to stabilize other functions within a reservoir computing framework. We 
evaluate these networks based on the degree to which they match the observed trial-by-trial 
variability and scaling of the estimation errors in modeling the behavioral data [Nieder & Miller, 
2003; Brunton, Botvinick & Brody, 2013; Scott et al, 2015]. In addition, networks built in this 
manner capture the behavioral performance of the rats, matching measured psychometric 
functions. By incorporating both reward-incentivized exploration in the training process and 
inattention/distraction inputs, the model can also be used to investigate the neural mechanisms 
underlying “lapse rates” observed experimentally during these and similar tasks. 
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accumulation 

Authors: *B. DEVERETT1,2,3,4, S. KOAY1,2, S. S.-H. WANG1,2,3;  
2Princeton Neurosci. Inst., 3Dept. of Mol. Biol., 1Princeton Univ., Princeton, NJ; 4Rutgers-Robert 
Wood Johnson Med. School-Princeton Univ. MD/PhD Program, Rutgers Univ., New Brunswick, 
NJ 

Abstract: Working memory is a core cognitive process that supports perception, decision 
making, and problem solving. In animal models, neural and behavioral dynamics of working 
memory can be probed through the gradual presentation of sensory evidence over time. For 
example, rodents can be trained to accumulate evidence in the form of pulsatile visual or 
auditory stimuli presented on their left and right sides (Brunton et al. 2013, Science 340.6128:95-
8; Scott et al. 2015, eLife 4.e11308, Koay et al., Soc. Neurosci. Abstr. 2015, 442.15/BB47). In 
these tasks, rodents indicate the side with the greater amount of evidence by orienting or 
navigating, both of which involve a specific motor action. 
We established a head-fixed mouse paradigm for working memory that deviates from these tasks 
in two ways: the modality of sensory stimuli and the mode of decision readout. In this new task, 
head-fixed mice are presented with sensory evidence in the form of brief puffs of air to the 
whisker pad regions of the face, with onset times distributed randomly according to a Poisson 
process with different rates for left- and right-sided stimuli. Mice are taught to suppress licking 
while evidence is presented during a period that varies in duration from trial to trial. After an 
additional delay period, a visual “go” cue is presented, and mice report their choice by licking 
one of two liquid reward delivery tubes positioned to their left and right. Mice learned to perform 
this task at levels comparable to head-orienting and virtual reality-based paradigms. After 
approximately twenty one-hour sessions, mice successfully performed trials ranging from 10-16 
seconds in duration, with stimulus rate differences ranging from 9:1 to 3:2. Psychometric, 
chronometric, and reverse correlation analyses suggest that mice integrated information across 
the whole cue presentation period. In comparison to a virtual reality-based visual evidence 
accumulation task, mice exhibited lower lapse rates and higher consistency. This task may help 
disambiguate higher-level cognitive features from movement-specific and sensory modality-



specific effects. In particular, we are using this evidence accumulation task to explore 
contributions of cerebellar regions that have strong connectivity with nonmotor neocortical 
regions involved in working memory (Wang, Kloth, & Badura 2014, Neuron 83:518, Strick et al. 
2009, Annu. Rev. Neurosci. 32.1:413-34). 
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Abstract: Decision-making tasks involving accumulation of sensory evidence provide a flexible 
framework in which to study neural mechanisms of working memory. Extending work in human 
and non-human primates (Gold et al., Annu Rev of Neuroscience 2007) and rats (Brunton et al., 
Science 2013; Scott et al., eLife 2015), we demonstrated that mice can perform a combined 
virtual reality navigation and accumulation of visual evidence decision-making task (Koay et al., 
SFN 2015). Transgenic mice expressing the genetically encoded calcium sensor GCaMP6f in 
excitatory neurons were trained in a head-fixed virtual reality system (Harvey et al., Nature 
2009) to navigate in a T-shaped maze. As mice ran down the main corridor, visually salient 
“towers” appeared along the left and right walls of the cue region. Tower positions were 
randomly distributed per trial as spatial Poisson processes with a different mean count for each 
side. Mice then traversed a memory region where no towers appeared. Upon reaching the T-
intersection they had to run down the left or right arm (turn region), and were given a liquid 
reward for selecting the side that had more towers. Mice achieved performances of 70%-80% 
correct trials, with trial durations of 10-20s. Each mouse was implanted with a 5mm diameter 



cranial imaging window centered over the anterior-medial border of primary visual cortex, 
permitting two-photon cellular resolution imaging of calcium dynamics of neurons in layers 2/3 
and 5 across a wide region of cortex. Neural activity underlying calcium dynamics was estimated 
using a demixing and deconvolution algorithm (Pnevmatikakis et al., Neuron 2015). Recording 
locations (AM, retrosplenial cortex, etc.) were defined relative to primary and secondary visual 
areas whose borders were estimated using wide-field functional mapping (Garrett et al., J. 
Neuroscience 2014). In most regions we observed neurons with task-modulated activity; cells 
typically had Ca2+ transients for only short time intervals (hundreds of ms to seconds) that within 
a trial were staggered in time across the population (Harvey et al., Nature 2012). Regional 
differences were seen in the frequency of cells active in the cue, memory, and turn regions. Of 
particular interest to evidence accumulation models, some neurons exhibited transient responses 
to the presentation of individual towers, predominantly for towers on a preferred side. Response 
amplitudes were highly variable and often had different overall modulations which depended on 
position in the cue region. These experiments yield a rich dataset for examining neural coding 
and dynamics underlying evidence accumulation and decision-making. 
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Abstract: Behavioral studies suggest that animals accumulate sensory evidence over time to 
make perceptual decisions. In mammals this accumulation process is thought to involve the 
activity of neurons in frontal and parietal neocortex, however the precise circuit mechanisms of 
evidence accumulation are not known. Using two-photon imaging in voluntarily head restrained 
rats (Scott et al., Neuron, 2013), we examined calcium dynamics of GCaMP6f-expressing layer 
2/3 cortical neurons during a pulse-based accumulation of evidence task, which we recently 
developed (Scott, Constantinople et al., eLife, 2015). In this task rats viewed two simultaneous 
streams of light pulses, presented from a left and a right LED. After the end of the streams, rats 
were rewarded for orienting to the side that had the greater number of pulses. A linear encoding 
model was used to characterize the responses of neurons to task events including individual 
quanta (flashes) of evidence, and to distinguish sensory responses from premotor activity. 
Consistent with previous studies, a population of neurons distributed across frontal and parietal 
cortex exhibited strong responses that reflected both the timing and the magnitude of the 
accumulated sensory evidence. However, contrary to leading models of evidence accumulation, 
these neurons displayed extensive heterogeneity in the dynamics of responses to pulses. 
Responses of individual neurons were transient, typically shorter than the duration of the trial, 
with different neurons active at different times following a pulse. Inspired by network models of 
working memory in which transient and heterogeneous responses combine linearly to produce 
persistent activity (Goldman, Neuron, 2009), we found that the temporal diversity of responses 
was sufficiently rich to form a basis set for a wide range of exponential decay functions, 
including those with long time constants. These results suggest that diverse, time varying sensory 
responses distributed across frontoparietal cortex may support the parametric visual working 
memory necessary for evidence accumulation on behavioral timescales. 
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Abstract: Memory can inform goal-directed behavior by linking current opportunities to past 
outcomes. The orbitofrontal cortex (OFC) may guide value-based responses by integrating the 
history of stimulus-reward associations and computing expected outcomes: representations of 
predicted hedonic value and quality. We compared OFC coding in identical tasks controlled by 
contingencies that varied reward history. Under stable contingencies the OFC signaled integrated 
reward history with anticorrelated population codes that distinguished goals and predicted task 
performance. The firing rates of single neurons distinguished identical behaviors guided by 
different outcomes in predictive, retrospective, and goal location coding. When contingencies 
were unstable, however, the OFC signaled different outcomes with uncorrelated population 
codes that did not predict performance, and though retrospective and goal coding were 
maintained, predictive coding declined. The OFC distinguishes recent actions and actual 
outcomes independent of reward stability, but predicts expected outcomes only when stable 
contingencies promote the integration of reward history. 
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Abstract: Spatial working memory, the ability to acquire, maintain, and use spatially relevant 
information over a temporal gap, has been demonstrated to depend on functional interactions 
between the hippocampus and medial prefrontal cortex (mPFC). Recently, our lab has 
demonstrated that the nucleus reuniens (Re), part of the ventral midline thalamus that is 
reciprocally connected to both hippocampus and mPFC, plays a crucial role in coordinating 



interactions within the hippocampal-mPFC circuit during spatial working memory (SWM). 
However, the specific circuitry that governs this coordination has not yet been explored. 
Therefore, we investigated the functional involvement of Re and its afferents in SWM using a 
projection-targeting optogenetic silencing approach. We infused an adeno-associated virus vector 
engineered to express fluorescently labelled archaerhodopsin (pAAV5-CAG-ArchT-GFP) into 
the dorsal subiculum, mPFC, or Re in separate groups of rats. After virus injection, all rats were 
implanted with an optical fiber targeting the Re. Rats were then allowed to recover for at least 6 
weeks to allow for opsin expression. We then trained rats to perform a delayed nonmatch to 
position (DNMP) task in a T-maze. The advantage of using a DNMP task is that its design 
effectively teases apart the encoding and retrieval portions of SWM into two separate traversals 
of the maze: sample (encoding) and choice (retrieval) phases, separated by a delay period over 
which information must be maintained. After rats reached criterion on the DNMP task, data 
collection began. Optical stimulation was driven via a compact LED module emitting 550-nm 
light through a patch cable. Choice accuracy was recorded from four distinct experimental 
conditions given in pseudorandom order across days that varied according to which task phase 
the rat was performing when the LED was turned on: the sample phase, the choice phase, the 
delay period and the entire trial. The Re group showed impaired choice accuracy on all four 
conditions. Terminal suppression of the dorsal subicular input to Re caused a selective deficit on 
the sample-only light condition, suggesting that dorsal subiculum-Re projections are critical for 
the encoding of task-relevant spatial cues. Conversely, terminal suppression of mPFC input to Re 
caused a selective deficit on the delay-only light condition, suggesting that medial prefrontal-Re 
projections support the maintenance of these spatial representations. These findings implicate Re 
in all aspects of spatial working memory, and indicate pathway-specific roles for Re afferents 
during the encoding and maintenance of spatial information necessary for successful SWM. 
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Abstract: Spatial working memory (SWM) has been shown to rely on the functional integrity 
and connectivity of the hippocampus and medial prefrontal cortex (mPFC). However, it remains 
to be determined how task-relevant information is organized within this circuit to guide SWM 
behavior. In the rat, direct connections between the hippocampus and mPFC are restricted to a 
monosynaptic projection extending from the ventral portion of hippocampus to mPFC. However, 
the nucleus reuniens (RE) of ventral-midline thalamus has been shown to share afferents and 
efferents with both dorsal and ventral hippocampus and mPFC. Recent work from our lab using 
in vivo recordings of RE in the awake, behaving rat has shown that disruption of RE activity not 
only impairs SWM performance, but concomitantly disrupts hippocampal-mPFC synchrony and 
the direction of information flow within the hippocampal-mPFC circuit. Thus, RE could play a 
role in coordinating hippocampal-mPFC interactions during SWM. Consistent with this notion, a 
recent study demonstrated that suppression of RE activity decreased trajectory-dependent firing 
in hippocampal CA1 during a continuous alternation (CA) task (Ito et al., 2015). However, 
compared to other SWM tasks, both the SWM demand of the CA task and its ability to dissociate 
between the processes of encoding and retrieval are relatively low. Moreover, experimental 
evidence shows that the CA task does not require the functional integrity of the hippocampus for 
successful performance. Therefore, we set out to investigate the role of RE in SWM using a 
hippocampus-dependent task with a high SWM demand that allows dissociation between the 
processes of encoding and retrieval: the delayed non-match to position (DNMP) task in a T-
maze. This task requires cue-based encoding on the sample run, maintenance of the information 
during a 20-second delay period, and memory-dependent retrieval on the choice run. In line with 
previous reports, a subset of RE units showed trajectory-dependent firing, while a separate subset 
showed differential firing between sample and choice runs, reminiscent of CA1 single units 
recorded during a DNMP task (Griffin, Eichenbaum, & Hasselmo, 2007). These results suggest 
that distinct subsets of RE units differentially contribute to encoding and retrieval processes. 
Therefore, RE may function as a hub for integrating information from multiple brain regions and 
dynamically directing task-relevant information within the hippocampal-mPFC circuit to support 
SWM-guided decision making. 
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Abstract: During shifts in cognitive strategy, the medial prefrontal cortex (mPFC) is thought to 
exert a crucial role by coordinating the functions of multiple brain systems. Inactivation of the 
mPFC impairs the ability to shift between different cognitive strategies1-3, and 
electrophysiological recordings in behaving rodents have revealed evidence of mPFC neural 
activity that is temporally linked to strategy shifts4,5. To examine the neural ensemble dynamics 
underlying strategy shifts, we used a miniature fluorescence microscope to image the calcium 
dynamics of hundreds of individual mPFC neurons in the prelimbic cortex (PrL) of mice 
performing a strategy-switching navigation task. 
In this task, mice switched between a hippocampus-dependent, allocentric (spatial) navigation 
strategy and a striatum-dependent, egocentric strategy (or vice versa) to earn a water reward. We 
identified distinct subsets of PrL neurons with either contemporaneous or anticipatory coding for 
various task parameters and phases, including the mouse’s spatial location and the anticipated 
receipt of reward. We also found neural ensemble activity patterns in PrL related to the two 
different strategies, and we are presently studying how these patterns and their dynamics might 
underlie the representations and shifts between different strategies. Overall, our work reveals the 
large-scale dynamics of frontal cortical neural ensembles in mice performing our specific 
cognitive task, and paves the way to future studies of the neural ensemble codes underlying other 
modes of cognitive control. 
1. Birrell & Brown (2000) Medial Frontal Cortex Mediates Perceptual Attentional Set Shifting in 
the Rat. J Neurosci. 20(11):4320-43242. Floresco et al. (2008) Inactivation of the medial 
prefrontal cortex of the rat impairs strategy. Behavioural Brain Research. 190:85-963. Ragozzino 
et al. (1999) Involvement of the Prelimbic-Infralimbic Areas of the Rodent Prefrontal Cortex in 
Behavioral Flexibility for Place and Response Learning set-shifting, but not reversal learning, 
using a novel, automated procedure. J Neurosci. 19(11):4585-45944. Rich & Shapiro (2009) Rat 
prefrontal cortical neurons selectively code strategy switches. J Neurosci. 29(22):7208-7219.25. 
Durstewitz et al. (2010) Abrupt Transitions between Prefrontal Neural Ensemble States 
Accompany Behavioral Transitions during Rule Learning. Neuron. 66, 438-448. 
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Abstract: The medial prefrontal cortex (mPFC) contributes to diverse aspects of memory-driven 
cognition, including working memory during tasks, and replay of task-related activity during 
sleep. Unclear is how mPFC population dynamics underlie working memory contributions to 
learning. One possibility is that mPFC populations support learning using cell assemblies that 
appear in order to sustain relevant items in working memory. 
To address these issues, we analysed population activity from the mPFC of rats learning rules in 
a Y-maze. Spike-train data (tetrode recordings) and behavioural data were from the study of 
Peyrache et al (2009; Nat Neurosci, 12, 916-926). Rats were required to learn one of three rules 
on the Y-maze: go left; go right; or go to the lit arm. Reward was obtained by reaching the end of 
the goal arm corresponding to the current rule. After reward delivery or absence, rats made a 
self-paced return to the starting position during the inter-trial interval (ITI), which was examined 
for signatures of learning-specific working memory. We analysed data from 46 sessions, in 10 of 
which the rats met the learning criterion mid-session. 
To test for signatures of task-specific working memory, we quantified the functional network of 
pairwise correlations between simultaneously recorded neurons in the ITI. In every session, we 
found the functional network was comprised of statistically robust neural ensembles. Within 
each session, ensembles were present in every ITI and formed a remarkably stable proportion of 
the population across all ITIs. Having detected potential cell assemblies, comparing learning and 
non-learning sessions allowed us to test for their role in working memory for learning. 
Remarkably, we found that the same ensembles were recalled after each correct trial, but not 
error trials. This outcome-selective recall only occurred during learning sessions. Moreover, 
within each learning session, the appearance of outcome selective ensembles preceded stable 
behavioural performance. Our results show that mPFC populations form true cell assemblies 
during learning, which retrospectively code for rewarding outcomes. These assemblies could 
provide the dynamical basis for maintaining a specific task-related item in working memory 
when triggered by reward. 
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Abstract: Working memory involves coordinated timing and synchrony of network activity in 
the medial prefrontal cortex (mPFC) by GABA interneurons. GABA interneurons are a diverse 
population with distinct cell types differentially contributing to cognition and behaviour. Two 
major non-overlapping GABA interneuron populations in the mPFC are the parvalbumin (PV)- 
and cholecystokinin (CCK)- GABA interneurons. We examined the requirement of PV and 
CCK-GABA interneurons in working memory by optogenetically silencing their activity in the 
mPFC of mice performing an olfactory delayed-nonmatch-to-sample test. The inhibitory opsin 
ArchT was expressed in CCK-GABA interneurons using dual recombinase intersectional genetic 
labeling, and in PV interneurons using AAV-mediated gene delivery. PV and CCK-GABA 
interneurons were inhibited either during the sample, delay, or response phase of the task by light 
illumination timed to these events. CCK-GABA interneuron inhibition selectively during the 
response phase impaired working memory performance. These results support the function of 
CCK-GABA interneurons in working memory retrieval or expression. 
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Abstract: Working memory, the ability to temporarily store information for use and 
manipulation, is thought to depend on a distributed set of brain areas. These include higher 
cortical areas involved in executive function and attention, such as the prefrontal and parietal 
cortices, which maintain attention on the items stored in working memory. However, relatively 
little research has been conducted in rodents to elucidate the exact roles each of these areas plays 
in working memory, particularly in relation to the construct of working memory capacity. 
Previous work in our lab has demonstrated that performance of the odour span task (OST), a 
behavioural task that tests the ability of rats to remember an increasingly large, trial unique set of 
odours in order to obtain a food reward, in rats is disrupted by the temporary inactivation of the 
medial prefrontal cortex and striatum. However, the effects of deactivating the parietal cortex on 
the OST has not been studied. Therefore, the present experiment assessed the effects of 
inactivating the posterior parietal cortex on performance of the OST. Rats (n = 12) were food 
restricted and, after being shaped to perform the basic rules of the task, underwent training in the 
OST over a period of 1.5-3 weeks. Four guide cannulae were then surgically implanted aimed at 
the posterior parietal cortex (AP -3.8 mm; ML ±2.2 mm and 3.4 mm; DV -0.2 mm from brain 
surface). After recovery and retraining, rats were tested after intra-parietal infusions of a mixture 
of muscimol and baclofen (GABA-A and GABA-B agonists, respectively) or saline (control). 
The infusions took place over two days using a crossover design in which each rat received 
muscimol/baclofen and saline in a counterbalanced order. Interestingly, infusions of 
muscimol/baclofen did not disrupt working memory performance, assessed by the mean number 
of odours each rat could remember before making an error on each day of training. A subset of 
rats (n = 4) was also tested in crossmodal object recognition (CMOR; a test that depends on the 
parietal cortex) as a positive control, and exhibited a memory impairment after 
muscimol/baclofen, but not saline, infusions. These results suggest that performance of the odour 
span task does not depend on the parietal cortex. The result is surprising given the past research 



demonstrating the importance of the parietal cortex for attentional processes and working 
memory in other tasks. Current work to expand the sample size in CMOR is ongoing. 
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Abstract: Working memory is a psychological construct encompassing executive functions 
responsible for the manipulation and maintenance of information over short intervals. The 
amount of information that can be held is referred to as working memory capacity. In rodents, 
the medial prefrontal cortex (mPFC) plays a key role in organizing and processing cognitive 
functions, including working memory capacity. To better understand how mPFC neurons 
contribute to working memory capacity, 13 male Long-Evans rats were trained on the odor span 
task (OST), a non-spatial task that assesses the capacity of working memory. Following 
implantation of electrode arrays, ensemble extracellular recordings of single units were obtained 
from the mPFC of freely moving rats during the OST. Neurons (n=394) with a mean baseline 
firing rate of 4.7±1.1 Hz were collected. Approximately 80% of the units were classified as 
regular-spiking (RS) cells and about 8% of them were fast-spiking (FS) interneurons. We 
explored the roles of mPFC neurons during sequential events of a given trial (trial start, odor 
approach, and reward) and the delay period under different spans (low, 2-6 odors; medium, 8-11 
odors; high, 13-17 odors). Firing rate of RS cells increased during trial start, before novel and 
familiar odor approach, and after obtaining reward. Interestingly, firing rates significantly 
changed when correct, but not incorrect, choices were made. About 60% of event-related units 
significantly changed their activity to more than one event, and this proportion tended to increase 
with increasing span. No obvious event-related changes were found in the firing pattern among 



low, medium, and high spans. During the delay, RS neurons were detected that increased activity 
during the start of the delay, end of the delay, or throughout the delay period. Delay cells that 
increased firing rate before trial start changed their firing pattern in the late period of the high 
span trials with greater activity 1 s before trial start. These preliminary data provide insight into 
the neural dynamics of working memory, specifically during correct choices. 
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Abstract: The holeboard learning test is a well-established measure of spatial learning, which 
has been used in both genetic and pharmacological mouse models. The apparatus is an open field 
chamber with 16 holes in the floorboard. The task requires mice to discriminate between baited 
vs. non-baited holes over successive trials. The holeboard test assesses spatial working memory 
and reference memory. S100β is a calcium-binding astroglial protein whose gene is found on 
chromosome 21. The overexpression of S100β is implicated in Alzheimer’s disease and Down 
syndrome. The present study used the holeboard test to assess learning and memory expression 
in mice deficient in S100β (S100β KO mice). Our working hypothesis is that lacking S100β 
serves as a protective mechanism in regards to memory. After a habituation phase, food-deprived 
mice were trained for three consecutive days. Each day consisted of 6 consecutive 3-minute 
trials. A delay recall test was conducted three weeks later with the same baited holes. Working 
memory errors (entering a hole that was already visited) and reference memory errors (visiting a 
hole that is not baited) were recorded. The S100β KO mice readily acquired the task and both 



working- and reference-memory errors were reduced by day two. There was no significant 
difference between 3 month old and 9 month old mice in terms of number of reference and 
working memory errors made across trials. Overall, the low average number of memory errors 
made and lack of statistical significance between 3 month old and 9 month old mice in the 
present study raise the possibility that lacking S100β can serve as a protective mechanism against 
memory decline. 

Disclosures:  K. Hageboutros: None. H. Wu: None. V. Venkataraman: None. B.D. Fischer: 
None. 

Poster 

740. Transcriptional and Epigenetic Mechanisms of Learning and Memory 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 740.02/III5 

Topic: H.01. Animal Cognition and Behavior 

Support: JSPS KAKENHI (25340066) 

Title: Role of toll-like receptor 4 in diesel exhaust origin secondary organic aerosol-induced 
impaired spatial learning ability in neonatal mice 

Authors: *T. WIN SHWE, Y. FUJITANI, H. WATANABE, S. HIRANO;  
Natl. Inst. Envir, Tsukuba, Japan 

Abstract: Background: Recently, we have reported that diesel exhaust origin secondary organic 
aerosol (DE-SOA) exposure during developmental period may affect the olfactory-based spatial 
learning behavior in preweaning mice. Toll-like receptor (TLR)-4, a pathogen-associated 
molecular pattern receptor plays a role in inflammatory cascade in response to certain stimuli in 
the brain. Little is known about the role of TLR4 in learning and memory functions. Objectives: 
The present study was designed to examine the involvement of TLR4 in olfactory-based spatial 
learning disability induced by exposure of environmental pollutants during the developmental 
period in neonatal mice. Methods: Pregnant C3H/HeN (TLR4 intact) and C3H/HeJ (TLR4 
deficient) mice were purchased from Charles River Japan Inc. (Yokohama, Japan) and exposed 
to clean air, DE (100 ± 25µg/m3) and DE-SOA (120 ± 25µg/m3) from gestational day 14 to 
postnatal day (PND) 10 (5 h/day for 5 days) in exposure chambers. We have generated DE-SOA 
by oxidation of diesel exhaust particle with ozone. In the olfactory-based learning behavior, the 
time to reach the target goal cage was recorded for each PND 11 neonatal mouse using a video-
assisted computer and Any-maze software (Muromachi Kikai, Tokyo, Japan). After completion 
of the spatial learning test, the hippocampus from each mouse was removed and examined for 



the expressions of memory function-related genes and TLR4 signaling pathway genes using real-
time RT-PCR. Results: Regarding the olfactory-based spatial learning test, both C3H/HeN and 
C3H/HeJ mice exposed to DE or DE-SOA took a longer time to reach the target as compared to 
respective control mice, but memory impairment was found greater in C3H/HeN mice compared 
to the C3H/HeJ mice. The expression levels of memory function-related genes such as the N-
methyl-D aspartate (NMDA) receptor subunits NR1 and NR2B, and of TLR4 signaling pathway 
genes such as NFκB, TNF-α, COX2 and Iba1 were significantly increased in the hippocampi of 
the DE-SOA-exposed C3H/HeN newborn mice as compared to the control mice, but not in 
C3H/HeJ mice. Conclusion: We suggest that the potential toxic substances contained in DE-
SOA may reach the brain via the systemic circulation or the olfactory nerve route to induce 
olfactory-based learning deficits in neonatal mice. Our results indicate that TLR4 may play an 
important role in environmental pollutant-induced neuroinflammation and spatial learning 
impairment by modulating the expressions of memory function-related genes and TLR4 
signaling pathway genes in neonatal mice. 
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Abstract: Recent studies have revealed that some dietary supplements, such as epicatechin and 
DHA, and exercise have similar roles in enhancing spatial memory and adult hippocampal 
neurogenesis (AHN). Their synergistic effects, however, have been shown only for memory, 
leaving some issues to be addressed before their clinical use. We recently reported that chronic 
mild exercise (ME) is sufficient to enhance both spatial memory and AHN (Inoue et al., PLoS 



One, 2015), and that chronic administration of astaxanthin (ASX, 0.5%), a marine-organism-
derived natural carotenoid, has the same effect on the hippocampus (Yook et al., Mol Nutr Food 
Res, 2016). Here, with the aim of developing clinically applicable methods, we postulated that 
ASX-enriched diets would improve memory by increasing AHN with special molecular 
mechanisms in adult mice. Male C57BL/6J mice (12 weeks old) were housed individually, and 
received ASX-enriched diets (0.5% ASX) with or without treadmill exercise (an intensity of 
below ventilatory threshold: 7 m/min) for 4 weeks. To evaluate spatial memory, the Morris water 
maze (MWM), including four days of acquisition and one day of probe tests, was performed in 
the final week of the intervention. To label newborn cells, all mice were intraperitoneally 
injected with 5-bromo-2’-deoxyuridine (BrdU, 100 mg/kg) for 3 consecutive days before the 
intervention. Immunohistochemistry was performed on coronal sections of the brain to examine 
AHN. The potential molecules underlying ME and/or ASX-induced AHN were analyzed using 
DNA microarray and Ingenuity Pathway Analysis database for genes identified in the 
hippocampus. The results of the MWM revealed that both ME and ASX produced significant 
increases in spatial learning and memory. The effects of ME on increased spatial memory were 
further enhanced when combined with ASX-enriched diets. The results of AHN analysis 
demonstrated that ME and ASX individually increased proliferation cells (Ki67+) and newborn 
mature neurons (BrdU+/NeuN+), and their combination induced a greater increase in AHN than 
their respective individual effects. Using an omics approach, upregulation of genes associated 
with AHN, such as Lep and Cxcr4, was commonly observed in ME and ME+ASX. Interestingly, 
Igf1r was upregulated with the combination of ME and ASX, but not with ME alone. These 
results, which show that an ASX diet synergistically potentiates the ME effects on spatial 
memory associated with AHN with novelly identified molecular insights, support our hypothesis 
and intimate a powerful intervention strategy of combining ME and ASX for cognitive failure 
based on hippocampal structure and function. Thus we have begun clinical trials. 

Disclosures:  J. Yook: None. H. Soya: None. 

Poster 

740. Transcriptional and Epigenetic Mechanisms of Learning and Memory 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 740.04/III7 

Topic: H.01. Animal Cognition and Behavior 

Support: NIH Grant DA034681 

 NIH Grant DA039650 

 NIH Grant MH091122 



 NIH Grant MH57014 

 DARPA Grant HR0011-12-1-0015 

 Evelyn F. McKnight Brain Research Foundation 

 NIH T35 Medical Student Summer Research Program 

Title: Experience dependent epigenomic reorganization 

Authors: *C. G. DUKE1, A. KENNEDY2, D. SWEATT2, J. DAY2;  
1Sch. of Med., 2Neurobio., UAB, Birmingham, AL 

Abstract: The formation and maintenance of new memories requires transcription and 
translation of genetic material, and epigenetic mechanisms such as DNA methylation and 
demethylation serve as powerful regulators of this gene expression that is crucial to these 
processes. Moreover, aberrant DNA methylation has been identified in neurological and 
psychiatric disease states associated with impaired cognition, such as Alzheimer’s disease, 
autism-spectrum disorders, schizophrenia, and drug addiction. Despite the clear necessity for 
epigenetic and transcriptional changes in memory formation, the precise nature of these 
phenomena has not been comprehensively explored. To illuminate this area, we harnessed 
whole-genome sequencing tools to systematically characterize memory-related changes in gene 
expression and DNA methylation status following memory acquisition. Using a hippocampus-
dependent memory task (contextual threat learning), we report widespread and coordinated DNA 
methylation changes in the hippocampus (CA1) of Sprague-Dawley rats that are specific to 
threat learning and target genes involved in synaptic transmission and neuronal communication. 
We observed thousands of significant gene expression and epigenomic changes that are 
experience dependent, and these modifications were evident as early as one hour following the 
learning experience, becoming more marked and pronounced after twenty-four hours. Gene 
ontology term analysis showed that significantly hypomethylated genes were enriched for 
functional categories related to synaptic transmission. Additionally, we integrated these datasets 
with previously characterized epigenetic and transcriptional changes in brain disease states to 
provide a comprehensive resource to aid in the identification of memory-relevant therapeutic 
targets. Our results shed new light on the gene expression and methylation changes involved in 
memory formation suggesting that this process is dynamic and experience dependent, in addition 
to providing a roadmap for future work to identify therapeutic targets. 
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Abstract: Interleukin-1 (IL-1), a pro-inflammatory cytokine, has been linked to learning and 
memory. Specifically, this cytokine is thought to be involved in the maintenance of long term 
potentiation (LTP), a proposed mechanism of learning-related neuroplasticity. Studies also 
suggest that IL-1 is involved in hippocampal dependent, yet not hippocampal independent, 
memory. Previous studies in our lab have implicated IL-1 as having a role in a contextual 
immune conditioning paradigm using heroin. Like many other opiates, heroin suppresses the 
immune system. Similarly, exposure to contexts associated with heroin use can produce 
immunosuppression through Pavlovian conditioning. This learned effect relies on the learned 
association between a novel context and the immunosuppressive properties of opiates. The 
functional integrities of the dorsal hippocampus (DH), the basolateral amygdala (BLA), and the 
nucleus accumbens shell (NAcS) are necessary for this conditioned effect. Our laboratory 
demonstrated that siRNA-mediated IL-1β gene silencing in the DH prevents the expression of 
heroin-conditioned immunosuppression. Here, we expanded on this finding by 1) investigating 
the role of IL-1 in other brain regions shown to have a role in heroin conditioned 
immunosuppression and 2) expanding on its role within the DH using another context-heroin 
associative learning task. For the first goal, rats were conditioned to associate heroin with a 
distinct context. After training and 30 min before a test session, rats received bilateral 
microinfusions of the endogenous IL-1 receptor antagonist (IL-1RA) or saline into either the 
BLA, NAcS, or the caudate putamen (CPu) as a control region. Rats were then either re-exposed 
to the heroin-paired context (tested for expression of conditioned immunosuppression) or 
remained in their home cages (control) and their immune system was challenged using 



lipopolysaccharide (LPS). Splenic iNOS and plasma nitrate/nitrite levels were assessed 6 h later. 
Disruption of IL-1 signaling in the BLA, but not the NAcS nor CPu, blocked the expression of 
heroin-conditioned immunosuppression. For goal two, rats were trained using a conditioned 
place preference (CPP) paradigm where one side of an apparatus was paired with heroin. After 
training and 30 min before testing, IL-1RA was infused into the DH yet this manipulation did not 
disrupt expression of CPP. Collectively, these studies demonstrate that the role of IL-1 in 
memory depends on the specific contextual memory task and which brain regions are under 
investigation. 
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Abstract: The Hamlet test is an innovative behavioral analysis appliance that provides a 
complex environment following a resolutely anthropomorphic approach for testing topographical 
memory and spatio-temporal disorientation in mice. The apparatus mimics a small village with a 
central agora and streets expanding from it, leading to functionalized houses (Drink, Eat, Play, 
Run, Interact). Animals are habituated in groups of 6/8 individuals during 4 h a day, for several 
weeks. Memory can be tested by depriving mice from water (or food) during 20 h and testing, in 
a 10-min session, their ability to locate the Drink (or Eat) house. We analyzed the exploration 
pattern and topographical memory in different mouse strains (Swiss, C57BL/6, AKR) and 
gender. Habituated mice were compared to a control group of mice kept in room stabling. 
Significant differences in exploration patterns and memorization of the streets were observed 
between the strains and gender. The contribution of the hippocampus, which plays a central role 
in memory and topographical and spatial navigation, was investigated in C57BL/6 mice. 
Neurogenesis was analyzed in terms of proliferation, maturation and survival processes. First, we 



observed an increase in proliferative and immature neuron markers, such as the increase in the 
number of Ki67 and doublecortin (DCX) positive cells in the subgranular zone of the dentate 
gyrus in the habituated group. Using 3D fluorescence imaging, longer and highly branched DCX 
positive neurons were visualized in the habituated group compared to non-habituated. In 
addition, newborn neurons were labeled using BrdU injection in the two groups and BrdU were 
revealed after 24 h to label newborn neurons or after 2 weeks to measure cell survival. The data 
obtained so far suggest that orientation and memorization in the Hamlet test promotes 
differentiation and maturation of adult neural progenitors and boosts neuroplasticity. Besides, 
neuroanatomical structures activated by habituation in the Hamlet were labeled using cFos and 
FosB and expression levels of memory-related immediate early genes are currently analyzed. 
Therefore, the Hamlet test allows the study of topographical memory in mice based on complex 
environment habituation and could provide an innovative tool to many research needs in various 
scientific fields. 
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Abstract: Systemic immune activation occurring during illness or surgery results in cognitive 
and memory deficits that last for years after recovery. To better understand how acute 
inflammatory signaling induces persistent alterations in memory, we used subchronic systemic 
immune challenge and examined long-lasting changes in memory, epigenetic modifications, and 
gene expression. There are sex differences in immune responses and susceptibility to persistent 
memory deficits, therefore we compared male and female mice throughout this study. Our 
paradigm consisted of intermittent systemic injections of one of two immune-inducing agents: 
the bacterial endotoxin lipopolysaccharide (LPS: 250ug/kg) or the viral analog polyI:C (6 



mg/kg). Persistent changes in hippocampal-dependent memory were assessed either one week or 
eight weeks after the last injection using contextual fear conditioning and novel-object 
recognition. No alterations in hippocampal-dependent memory were observed at one week. In 
contrast, there was significant, sex-specific dysregulation of memory in both tasks eight weeks 
after the last injection. Notably, females, but not males, showed altered context fear conditioning. 
These findings demonstrate that alterations in memory emerge long after immune signaling has 
resolved, in a sex-dependent manner. Enduring changes in histone modifications and gene 
expression in the hippocampus were detected using western blotting and RNAseq, respectively. 
Of particular interest, were histone acetylation and methylation (eg. H3K9ac, H3K27me3) marks 
together with expression of neuroimmune proteins, neurotrophins, and stress-associated 
signaling pathways. Collectively, these data demonstrate that a systemic immune challenge 
induces sustained dysregulation of hippocampal-dependent memory and enduring differences in 
gene expression that may underlie the changes in memory. Systemic inflammatory events, such 
as major illness, cause long term alterations in epigenetic regulation and gene expression that 
contribute to the development of sex-specific memory impairments, cognitive alterations, and 
mood disorders. 
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Abstract: Hippocampal volume loss is a biomarker for depression and is correlated with 
cognitive defects. Volume recovery is suggested to mediate symptom improvement, however 
little is known about the cellular changes responsible for hippocampal volume change. Research 
shows that ablation of neurogenesis in adult rats reduces hippocampal volume and blocks 
behavioral effects of antidepressants. Taxi drivers have larger hippocampi than non-drivers, 



suggesting that spatial training induces hippocampal growth. Therefore, we were interested in 
devising a rat model of spatial training-induced hippocampal growth and exploring the role of 
neurogenesis in that growth. To do this, we created a novel maze, called the flex maze, with 
interchangeable walls that enables us to create multiple mazes within the same arena. We treated 
GFAP-TK transgenic rats (TKs) and WT littermates with valganciclovir for 8 weeks to 
specifically ablate adult neurogenesis. Rats were then trained on three different mazes, each with 
unique olfactory and visual cues, over the course of 4 weeks. Control rats also had daily access 
to the arena, but with only a fixed route towards reward not requiring any maze solving. After 
training, rats were tested on novelty suppressed feeding (NSF) to measure depressive-like 
behavior or an object location test to assess hippocampal-dependent memory. Brains were 
perfused and extracted to measure volume using a 14.1T MR scanner. Both WTs and TKs 
learned mazes at the same rate, showed spatial knowledge in probe trials, and retrieved mazes 
well after training. Only the maze scented with peppermint, an aversive odor for rats, showed a 
genotype difference, as WTs were slower to solve this maze and did not retain it in retrieval 
trials. Flex maze-trained WTs had larger hippocampi than controls, which was fully explained by 
increases in ventral CA1. TKs did not show this volume increase, but had smaller hippocampi 
than WTs, with significant volume decreases in the dentate gyrus and CA3. Both flex maze-
trained WTs and TKs had less depressive-like behavior in NSF, but only flex maze-trained WTs 
showed increased learning in the object location test. The data suggest only 4 weeks of flex 
maze-training is sufficient to increase CA1 volume in ventral sections, however this is dependent 
on the presence of adult-born neurons in the hippocampus. 
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Title: Chemogenetic modulation of the medial habenula during cocaine action. 
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Abstract: The medial habenula is an epithalamic region characterized by a dense projection to 
the interpeduncular nucleus. This projection is known as a hub for nicotinic acetylcholine 
receptors and cholinergic signaling. As such, addiction research has focused on the MHb with 
regard to nicotine, specifically nicotine withdrawal and self-administration. Yet, the role of the 
MHb in response to other drugs of abuse, such as cocaine, remains relatively uncharacterized and 
unclear. We use Designer Receptors Exclusively Activated by Designer Drug (DREADDs) to 
assess the role of the MHb in cocaine-associated memory. DREADDs are a novel tool that can 
be applied to drive changes at the cellular, circuit and, ultimately, behavioral levels. Their unique 
sensitivity to clozapine-n-oxide (CNO) paired with specific viral approaches allow for 
DREADDs to target particular brain regions, and more importantly, specific cell-types. Here, we 
demonstrate that the MHb is sensitive to specific cocaine treatments and is engaged by 
reinstatement of cocaine-induced conditioned place preference. We assessed the role of 
acetylcholine neurons in the MHb in relapse-like behavior using a conditioned place preference 
paradigm. ChAT-IRES-Cre mice received bilateral infusions of Cre-dependent excitatory (DIO-
HM3D) or inhibitory DREADD (DIO-HM4D) into the MHb (0.5uL, M/L: +/- 0.33; A/P: -1.55; 
D/V: -3.0). Following conditioning and extinction, animals were primed with 3 mg/kg CNO 
(0.5% DMSO, 0.9% saline; I.P.) or vehicle (equal w/v) 40 minutes prior to being reinstated. For 
DIO-HM3D experiments, animals were reinstated with saline. For DIO-HM4D experiments, 
animals were reinstated with 5 mg/kg of cocaine-HCl. We demonstrate that DREADD-induced 
activation of MHb acetylcholine neurons can induce reinstatement of cocaine-induced CPP in the 
absence of cocaine. Conversely, DREADD-induced inhibition is capable of blocking cocaine-
primed reinstatement of CPP. These experiments support previous work demonstrating the MHb 
is engaged following cocaine re-exposure. Moreover, in demonstrating the MHb is necessary and 
sufficient for reinstatement of cocaine-induced CPP, we provide evidence for its unique role in 
associative memory and other drugs of abuse. 
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Abstract: The endocannabinoid (eCB) system is well known to play an important role in the 
regulation of emotional states and cognitive processes. A growing amount of evidence has 
demonstrated that elevations in the eCB anandamide (AEA) signaling within the basolateral 
complex of the amygdala (BLA) attenuate stress responses such as anxiety and fear expression. 
Specifically, inhibition of AEA hydrolysis by the enzyme fatty acid amide hydrolase (FAAH) 
within the BLA has been shown to reduce anxiety, neuroendocrine responses to stress and 
promote fear extinction. To determine if impairments in AEA signaling within the BLA would 
produce the opposite effects, and induce a stress-like state characterized by heightened anxiety 
and sustained fear, we examined the effects of overexpression of FAAH locally within the BLA 
on behavioural indices of anxiety and fear memory dynamics. Male adult Sprague Dawley rats 
were bilaterally infused in the BLA with an Herpes simplex virus type 1 vector, which 
preferentially infects principal neurons, containing FAAH and green fluorescent protein (HSV-
FAAH-GFP) or a control vector containing only GFP (HSV-GFP). 72 h following HSV 
administration, a time point in which protein transfection is maximal, we found increased 
FAAH-mediated AEA hydrolysis together with decreased AEA levels within the BLA, 
confirming that the virus did successfully increase FAAH expression. At this same time point, a 
separate cohort of rats was tested for anxiety behaviour in an elevated plus maze, a light/dark 
box and an open field task. Quite surprisingly, we found that the overexpression of FAAH 
induced consistent anxiolytic effects in all three behavioural tasks we performed, relative to 
HSV-GFP rats. An additional cohort of animals was tested for fear memory extinction in an 
auditory fear conditioning paradigm. To prevent any effects of FAAH overexpression on the 
initial fear memory consolidation, animals were first fear conditioned and 24 h after 
conditioning, the animals were injected with HSV-FAAH-GFP or its control vector. 72 h 
following HSV administration rats were re-exposed to the tone alone for 4 consecutive days to 
examine fear extinction dynamics. Unexpectedly, rats infused with the HSV-FAAH-GFP vector 
exhibited a dramatic reduction in fear expression when exposed to the tone after conditioning, 
particularly on the first day of extinction training as compared to their HSV-GFP control rats. 



These findings suggest that the exact modes of action of AEA within the amygdala in the 
regulation of emotional states and memory are still far from being clear, thus, opening the 
avenue to investigate new potential mechanisms by which these processes may occur. 
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Title: Nuclear receptor Nr4a mutant mice have impaired hippocampus dependent memory 
formation 
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Abstract: New experiences are initially encoded as labile short-term memories, which are 
converted into stable long-term memory by gene transcription-dependent processes. Gene 
expression after learning involves a transient wave of transcription that is critical for memory 
consolidation. Following early transcriptional activity, learning also induces persistent long-
lasting transcriptional changes that are reported to be involved in the storage of long-term 
memory. Increased transcript levels of 13 nuclear receptors, including all 3 members of the Nr4a 
subfamily, have been identified after learning. Interestingly, after learning, the promoters of 
Nr4a1, Nr4a2 and Nr4a3 show higher occupancies of histone H3.3, a mark for active 
transcription. In the present study, we show that transgenic expression of a dominant-negative 
form of NR4A (Nr4aDN) in forebrain neurons impairs long-term memory consolidation in 
spatial object recognition and Barnes maze. Importantly, the Nr4aDN mice do not show anxiety 
related behaviors in elevated zero maze. Golgi staining showed reduced dendritic spine density 
from CA1 pyramidal neurons of Nr4aDN mice. Quantification of the active components of 
AMPA and NMDA receptors at the synapses of Nr4aDN mice are being performed. We also 
identified Bdnf and Fosl2 as major targets of Nr4a dependent transcription. Chromatin Immuno-
precipitation confirmed the binding of Nr4aDN to the promoters of Bdnf and Fosl2. Therefore, 



the present study further underscores the importance of Nr4a function during hippocampus 
dependent memory storage. 
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Abstract: It is poorly understood the dyshomeostasis of elements including trace metals in the 
brain with Down syndrome (DS), although trace metals such as zinc, manganese, copper and 
iron are necessary for the growth and function of the brain. Since the Ts1Cje mouse is widely 
used as an animal model of DS, we examined here the brain levels of biogenic trace elements 
including biogenic metals in the brain of Ts1Cje mice. The levels of ultra-trace, trace, and major 
elements in the hippocampus, striatum, cerebral cortex, and cerebellum of Ts1Cje mice and wild-
type littermates were assessed by inductively coupled plasma mass spectrometry (ICP-MS). 
Semi-quantification analysis revealed that the levels of some elements were disturbed in the 
cerebral cortex, hippocampus, striatum and cerebellum of Ts1Cje mice at 3 months of age (n = 7) 
compared with wild-type mice (n = 10). Especially, the concentration of copper ion in the brain 
of Ts1Cje mice was significantly increased in the three brain regions, cerebral cortex, 
hippocampus, and cerebellum. Furthermore, 1.5-2-fold increase in the concentration of copper 
ion in the Ts1Cje brain (n = 7) compared with wild-type mice (n = 6) was confirmed by a 
punctual quantitative analysis of ICP-MS. To explain the mechanisms of excess accumulation of 
copper ion in the brain of Ts1Cje, we assessed the expression of copper transporting proteins, 
Ctr1, Atp7a, and Atp7b. The P-type ATPases, Atp7a and Atp7b, both transport copper out of 
cells or into the trans-Golgi network, whereas Ctr1 is a plasma membrane protein that functions 



as a high-affinity cellular copper uptake transporter. Immunoblot analysis revealed that the 
expression of Ctr1 was significantly decreased in the cerebral cortex, hippocampus, and 
cerebellum, but not in the striatum of Ts1Cje mice at 3 months of age (n = 3) compared with 
wild-type mice (n = 3). In contrast, Atp7a and Atp7b were expressed at a similar level in the 
brain regions of both genotypes. Our findings suggest that the dysregulated accumulation of 
copper ion may contribute a cognitive impairment in Ts1Cje mice. 
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Title: Maternal behaviour effects on atrx expression, genome stability and longterm 
neurobehavioral development in the adult offspring 
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Abstract: Mounting evidence indicates that the maintenance of chromatin architecture is 
essential for normal human development and cognitive function. The ATRX gene, which is 
essential for normal growth and cognitive development, encodes a chromatinremodeling protein 
that is expressed in developing neural structures, including newlyborn cortical and hippocampal 
neurons in mice. Employing a new model of gestational psychological stress, in combination 
with wellestablished models of physical prenatal stress, we have shown that maternal behavior 
mediates the effects of gestational psychological stress on neural ATRX gene expression in the 
offspring, which is associated with alterations in DNA methylation, DNA damage signaling and 
stable individual differences in learning and memory and anxietyrelated and social behavior, as 
well as cortical and hippocampal function in the adult animal. These results and those from 
crossfostering studies support the possible involvement of ATRX in the sensitization of neurons 
to stress hormones and the programming of somatic behavior in response to maternal care. Since 



disruption of ATRX impairs cognition and motor functions, inhibits learning in mouse pups, and 
contributes to developmental silencing of imprinted genes that shape somatic growth and brain, 
we hypothesize that the effects of motheroffspring interactions during the first week of postnatal 
life on ATRX expression and function influences both genome integrity and gene expression 
programs that underlie normal cognitive and emotional development. The elucidation of the 
mechanisms involved in the impact of neonatal nurturing addresses perhaps the most challenging 
question in development: How are experiences occurring in early life rendered permanent? In the 
case of genome stability and sustained changes in gene expression in brain cells, we can begin to 
understand the neurobiological basis for individual differences in personality and cognition as 
well as related risk for learning and behavioural disorders (e.g., Autism Spectrum, ADHD).  
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Title: Modelling episodic memory deficit in depression 
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Abstract: Major depressive disorder (MDD) is a common and costly disorder associated with 
considerable morbidity, disability, and risk for suicide. MDD is characterized by a constellation 
of behavioral, emotional and cognitive symptoms especially in the domain of memory. In 
particular, many studies find an impairment of episodic memory in MDD patients, some 
observing an almost linear correlation between episodic memory performance and scores on a 
depression rating scale. Although the mechanisms underlying this memory dysfunction remain 
unclear, diverse animal models of depression find impaired adult neurogenesis (AN) in dentate 
gyrus. These newborn cells synaptically integrate into the hippocampal circuit and provide the 
potential substrates for new learning and memory. Both psychophysiological and computational 
studies suggest that dentate gyrus AN plays a critical role in minimizing interference between 



overlapping memories by pattern separation, by which similar, but not identical, inputs are made 
less similar at the output stage. Therefore, we propose that inhibition of AN related to depression 
would prevent pattern separation so that the ambiguity between stored memories further impairs 
the accuracy of episodic memory retrieval. Here, we adapt a computational model of the 
semantic and episodic memory system, which we developed in previous work. In this model, a 
semantic representation is learned as a low dimensional representation of high-dimensional 
sensory input. During encoding of an episode, sequences of semantic representation patterns are 
stored as episodic memory. We model the impact of AN on episodic memory via its effect on 
pattern separation. In this model, AN adds additional noisy components to the original memory 
patterns. These components are unique to each memory sequence, i.e., patterns in the same 
sequences share the same noisy components, but they differ between different sequences. Hence, 
our model implements pattern integration between patterns within a sequence and facilitates 
discrimination between similar memory patterns in different sequences. This feature 
distinguishes our model from previous approaches, which assume that pattern separation 
operates on individual patterns. Our results show that retrieval performance is significantly better 
for the memories stored and retrieved during an asymptomatic phase, as compared to those 
memories stored and retrieved during a depressive episode. We also observe a retrograde effect 
for memories stored during an earlier asymptomatic phase, but retrieved during a later depressive 
episode. 
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Abstract: Neudesin, also known as neuron derived neurotrophic factor (NENF), is a 
heme/steroid binding protein. In vitro it has been shown to be a potent stimulator of embryonic 



neuronal precursors proliferation and differentiation, as well as a survival factor for neurons. 
Surprisingly, in vivo NENF’s putative neurotrophic action has only been reported to be novel 
anorexigenic neurotrophic factor. Since NENF presents a cytochrome b5-like heme/steroid 
binding domain in it’s primary structure, it is classified as a member of the membrane associated 
progesterone receptor family similarly to PGRMC1, a protein that binds progesterone to induce 
rapid non-genomic effects independent of nuclear receptors. Although NENF’s binding to 
progesterone has not been proven yet, NENF protein structure has 39% of structural homology to 
PGRMC1 and has been hypothesized to participate in these cascades. In the brain, progesterone 
and its metabolites are reported to influence, with gender-specificity, cellular plasticity and 
neurogenesis particularly at the hippocampus. Another important characteristic of progesterone 
is its anxiolytic effect revealed to act through non-genomic actions. In this study, we used 
neudesin-null mice and performed a global characterization adult behavior, as well as, assessed 
the proliferation status of both adult neurogenic niches (hippocampus and sub ventricular zone). 
In adulthood neudesin-null males show an anxious-like phenotype in novel contextual exposure 
paradigms, as the elevated plus maze (EPM), light-dark box and the novelty suppress feeding 
tests. These gender differences were also present in the neurogenic niche of the hippocampus 
(sub granular zone) but not in the sub ventricular zone. Additionally neudesin-null males show 
an impaired freezing behavior in the contextual fear conditioning protocol, a task dependent on 
adult newly born neurons in the dentate gyrus. Neudesin-null mice gender differences together 
with the possible involvement of neudesin in the non-genomic actions of progesterone made us 
hypothesized if neudesin might be involved in this phenomenon. Our data might support a 
mechanistic link between progesterone, neudesin and hippocampal neurogenesis in the 
modulation of contextual dependent tasks. 

Disclosures:  A. Novais: None. C. Ferreira: None. F. Marques: None. N. Sousa: None. J. 
Palha: None. J.C. Sousa: None. 

Poster 

740. Transcriptional and Epigenetic Mechanisms of Learning and Memory 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 740.16/III19 

Topic: H.01. Animal Cognition and Behavior 

Title: Proteomic analysis of intracellular signaling pathways underlying visual recognition 
memory in monkey 

Authors: *B. A. CORGIAT1,2, C. MUELLER2, J. N. TURCHI4, J. L. OLDS3, R. C. 
SAUNDERS4, L. A. LIOTTA2, M. MISHKIN5;  



1NIMH/NIH, Bethesda, MD; 2George Mason Univ., Manassas, VA; 3George Mason Univ., 
Fairfax, VA; 4NIMH, Bethesda, MD; 5NIMH, Bethesda, VA 

Abstract: Visual recognition memory is critically dependent upon the perirhinal cortex. More 
specifically, visual memory formation requires cholinergic activation of perirhinal M1 receptors 
and is characterized by enhanced multiunit activity in the upper middle and deep layers of 
perirhinal cortex. However, the M1 muscarinic-dependent intracellular signaling profiles 
underlying the critical synaptic changes induced during visual memory formation are unknown. 
Since the M1 receptor activates numerous intracellular pathways, we attempted a proteomic 
approach that allows for a multiplexed analysis of signaling proteins from numerous brain 
regions. Using reverse phase protein microarrays (RPPA), preliminary data from our group 
indicated (1) highly variable phosphorylation levels of M1-dependent proteins in perirhinal 
cortices and other medial temporal lobe structures when sampled across three monkeys, and (2) a 
time-dependent decrease in phosphorylation levels of M1 proteins after tissue extraction. As a 
result we modified our tissue harvesting protocol to include (i) freezing the tissue more rapidly, 
(ii) freezing bilateral areas simultaneously, and (iii) increasing the amount of tissue sampled per 
brain region. These modifications, plus a within animal interhemispheric comparisons, improve 
our ability to see protein changes related to memory function in future behavioral experiments. 
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Abstract: We recently reported that exposure to extremely low-frequency electromagnetic fields 
(ELFEF) enhances hippocampal-dependent spatial learning and memory by increasing 
hippocampal neurogenesis. The present study was aimed to investigate whether ELFEF 
stimulation also affects olfactory memory by modulating neurogenesis in the subventricular zone 
(SVZ) of the lateral ventricle, and to identify the underlying molecular mechanisms. 
We found that 30 days after the completion of ELFEF stimulation protocol (1 mT; 50 Hz; 3.5 
h/day for 12 days) ELFEF-exposed mice showed a higher discrimination index between a 
familiar and a novel odor than controls (82.8 ± 3.8 vs 64.2 ± 3.9%, respectively; n=8; p<0.01). 
Sixty minutes after the first trial, animals were exposed again to the same odor for 5 min: 
ELFEF-exposed mice showed a significant decrease in the time of exploration on the second 
presentation compared to controls (4.9 ± 0.5 [n=7] vs 9.9 ± 1.1 s [n=8], respectively; p<0.001) 
and an increased digging time near the odor that was previously associated to a reward (19.0 ± 
1.4 vs 9.9 ± 0.9 s respectively; n=8; p<0.001). 
Immunohistochemical analyses performed in ELFEF-exposed mice revealed increased NSC 
proliferation in the SVZ, as assessed by the number of BrdU+/Nestin+ cells (833.7 ± 0.9 vs 532.6 
± 0.1 in controls; n=3; p<0.01). Newborn NSCs differentiating towards the neuronal phenotype 
(i.e., BrdU+/DCX+ cells) were similarly increased in the rostral migratory stream of ELFEF-
exposed mice (408.2 ± 1.1 vs 118.6 ± 0.7 cells in controls; n=3; p<0.001). This difference was 
retained when we counted the number of new cells that had become mature neurons in the 
olfactory bulb (i.e., BrdU+/NeuN+ cells) 30 days after the end of ELFEF stimulation protocol 
(560.2 ± 14.3 vs. 262.2 ± 14.0 in controls; n= 3; p<0.001). These effects were associated with 
upregulated expression of mRNAs encoding for critical regulators of adult neurogenesis, 
including Wnt3, and with an increased nuclear localization of the transcription factor β-catenin. 
In vivo injection of the Wnt3 inhibitor Dkk-1 (200 ng /0.5 µl) into the SVZ of ELFEF-exposed 
mice reverted ELFEF’s effect on olfactory memory. Dkk-1 treatments of cultured NSCs 
inhibited the expression of neurogenic genes suggesting that the ELFEF-induced increase of 
olfactory memory relies on SVZ neurogenesis modulation. 
Collectively, our findings unveil a new molecular mechanism regulating olfactory memory in 
mammals that relies on Wnt/β-catenin pathway and open the way to novel treatments of brain 
disorders associated with impaired adult neurogenesis and olfactory memory including 
neurodegenerative diseases and mood disorders. 
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Abstract: Over the past years increasing amount of attention has been given to signaling lipids 
as well as to its modulating enzymes, such as phospholipases. Specifically, phospholipase D 
(PLD), that converts phosphatidylcholine to phosphatidic acid, has been shown to exhibit a role 
in neurological development and physiology. Several studies have been associating PLD1 and 
PLD2, the two main mammalian PLD isozymes, to neurological processes, including 
neurotransmitter release, dendritic branching, cognition, and brain development. Also, the 
hippocampus has been suggested as one of the brain regions showing the highest PLD activity 
and neurodegenerative conditions such as Alzheimer’s disease associated pathways have been 
shown to be modulated by PLD signaling. Thus, the aim of this project is to better understand the 
potential role of PLD in hippocampal function in adult mice upon Pld1 or Pld2 genetic ablation. 
We performed a hippocampal related behavioral characterization of these animals and a 
structural analysis regarding dendritic morphology. Our behavioral data, specifically considering 
motor and exploratory activity, anxiety and memory, showed that PLD2 knockout mice behavior 
is not altered when compared to their wild type littermates. Although most of this was also 
observed in the animals lacking PLD1, the results indicate an object recognition-dependent 
short-term memory deficit. Regarding hippocampal dendritic arborization, the ablation of either 
PLD1 or PLD2 led to an increase in dendritic morphology, although with a different impact of 
each isozyme in the dorsal and ventral hippocampus. Our results suggest the separate ablation of 
PLD1 and PLD2 leads to different effects in the dorsal and ventral hippocampus. 
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Abstract: Targeted ablation, one of the most commonly used tools in mouse genetics, plays an 
important role in elucidating the complexities of gene function. However, it is critical to 
remember that conventional gene ablation methodology has limitations that could lead to 
erroneous conclusions about the actual role of the targeted gene. Although a phenotype can be 
due to the absence of the targeted gene, it may instead be the result of residual embryonic stem 
cell-derived genetic material, either in the flanking region immediately surrounding the ablated 
gene or in the rest of the genetic background. The use of different strains/substrains for 
subsequent breeding can also introduce genetic variation that may contribute to an observed 
phenotype. To illustrate this point, we investigated the genetic underpinnings of a habituation 
behavior deficit using two cohorts of the same Il7r-/- knockout mouse obtained from The 
Jackson Laboratory. Using our published breeding scheme and whole-genome genotyping, we 
determined that the genetic background was responsible for the habituation deficit: the Il7r-/- 
cohort with a mixed C57BL/6J (B6J ) and C57BL/6TB6/N (B6N) background and a greater 
amount of residual 129S7-derived genetic material exhibited poor habituation, whereas the Il7r-/- 
congenic cohort with a primarily B6/J genetic background had habituation levels similar to those 
of B6J controls. Further testing is necessary to determine whether the behavioral differences are 
due to residual 129S7-derived genetic material or genetic differences between the two B6 
substrains; however, our findings underscore the importance of investigating the genetic 
background of knockout mice to avoid misinterpretation of results. 
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Abstract: The hippocampus contains one of the few neurogenic niches within the adult brain—
the subgranular zone of the dentate gyrus (DG)—and exhibits significant functional 
heterogeneity along its dorsoventral axis. Although adult-born neurons within the DG have been 
implicated in many hippocampus-dependent behaviors, little is known about how the function of 
the adult- born neurons varies along this axis. We used a highly specific Nestin-CreER(T2) 
mouse line (Lagace et al., 2007; Sun et al., 2014) to induce expression of the light-activated 
neural silencer archaerhodopsin in neural progenitor cells and their progeny. Optical fibers were 
implanted into the dorsal or ventral DG to selectively silence adult-born neurons in these regions. 
We then tested the contribution of ≤6-week-old adult-born granule cells to acquisition of context 
fear memory by delivering laser illumination during training. Neither dorsal nor ventral silencing 
affected the activity burst during the shock, indicating that silencing did not alter shock 
sensitivity. Silencing dorsal but not ventral adult-born neurons significantly decreased postshock 
freezing, a measure of short-term memory (Fanselow, 1980, 1982). Context memory expression 
was tested twenty-four hours after acquisition without laser illumination. Both dorsal and ventral 
silencing during acquisition were associated with reduced freezing in the context test. The data 
confirm earlier reports that adult hippocampal neurogenesis is required for acquisition of 
contextual fear (Saxe et al., 2006; Drew et al., 2010; Denny et al., 2012). However, the results 
conflict with other recent reports suggesting that ventral DG is not necessary for contextual fear 
conditioning (Khierbek et al., 2013; Danielson et al., 2016). Experiments in progress are 
assessing how inhibiting dorsal and ventral adult-born neurons alters local neural activity and the 
generalization of context fear. In summary, silencing dorsal adult-born neurons impaired both 
short- and long-term memory for context fear, whereas silencing the ventral adult-born neurons 
impaired only long-term memory. The data suggest that dorsal and ventral hippocampal adult- 



born neurons make distinct contributions to context fear memory. We hypothesize that the dorsal 
adult-born neurons support context memory while the ventral adult-born neurons support the 
context-shock association. 
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Abstract: Cognitive impairment after an inflammatory event, such as myocardial infarction (MI) 
or major surgery, persists in many patients long after inflammation has abated. These cognitive 
deficits correlate with a higher rate of morbidity and mortality as well as reduced quality of life. 
Here we examined the mechanisms by which short-term inflammatory signaling causes 
persistent changes in neural function contributing to disruptions of memory. Prior results from 
our laboratory demonstrated that memory deficits and depression-like behavior occur 8 weeks 
after a cryo-injury model of MI in mice. In contrast, 2 weeks after MI, no memory impairments 
were evident. These findings suggest that the initial inflammatory event triggers ongoing 
molecular dysregulation that mediates persistent changes in affective processing and memory. To 
determine the interactions between neuroimmune signaling, intracellular signaling pathways, and 
epigenetic modifications leading to impaired memory, we examined specific changes in these 
factors over a time-course of 3 hours to 8 weeks following MI. We used MI, sham, and non-
operated mice at each time-point. Cytokines (serum and hippocampus), MAPK signaling 
pathways, and histone acetylation in the hippocampus were examined shortly after surgery. At 1 
and 8 weeks post-MI, we assessed memory and quantified levels of histone acetylation and 
methylation. After 8 weeks, we observed ongoing epigenetic changes including increased 
acetylation in male (H3K9) and female (H3-phosphoS10-acK14) hippocampus in a sex-specific 



manner. Determining the mechanisms of persistent cognitive impairments after MI will identify 
novel targets for their treatment and prevention. 
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Abstract: Epigenetic mechanisms in neurons are central regulators of neuronal function, 
experience-dependent gene expression, and adaptive behavior. DNA methylation is a well-
studied epigenetic mechanism that exerts potent control over transcription and is critical for 
synaptic plasticity and long-term memory in multiple brain circuits. Although DNA methylation 
at specific sites in the genome is actively modified by neuronal activity and behavioral 
experience, it is presently unclear how methylation status at individual genes or even individual 
cytosine nucleotides can be targeted for modification. Extra-coding RNAs (ecRNAs) are non-
coding, non-polyadenylated RNA species that arise from protein coding genes and regulate DNA 
methylation via direct interactions with DNA methyltransferases (DNMTs). Here, we used 
cortical neuronal culture systems to investigate the regulation, binding, and localization of a 
specific ecRNA transcript from the Fos gene locus. We find that this ecRNA is sensitive to 
multiple forms of neuronal activity, binds to both de novo and maintenance DNA 
methyltransferases with high affinity, and blocks DNA methylation at the Fos locus. To 
investigate the localization of ecRNA on a single cell basis, we employed single-molecule RNA 
FISH with multiplexed probes to separately identify mRNA and ecRNA transcripts. This 
technique confirmed activity-dependence of ecRNA induction and revealed a correlation 
between ecRNA and mRNA expression on a single cell level. Consistent with this observation, 



anti-sense based knockdown of the Fos ecRNA selectively reduced Fos mRNA. Ongoing 
experiments are investigating the ability of targeted ecRNA delivery to specific gene loci to alter 
DNA methylation patterns and gene expression. Overall, these results suggest that ecRNAs are 
fundamental regulators of the establishment and perpetuation of DNA methylation patterns in 
neuronal systems, and reveal a promising avenue for epigenetic targeting in neurological and 
cognitive disease states. 

Disclosures:  N. Gallus: None. K.E. Savell: None. F.A. Sultan: None. R.C. Simon: None. J.S. 
Revanna: None. J.J. Day: None. 

Poster 

740. Transcriptional and Epigenetic Mechanisms of Learning and Memory 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 740.23/III26 

Topic: H.01. Animal Cognition and Behavior 

Support: CIHR 

Title: CREB is not necessary for increases in hippocampal volume induced by environmental 
enrichment 

Authors: *D. A. VOUSDEN, R. ALLEMANG GRAND, J. SCHOLZ, S. JOSSELYN, P. 
FRANKLAND, J. P. LERCH;  
Neurosci. & Mental Hlth., Hosp. For Sick Children, Toronto, ON, Canada 

Abstract: Human imaging studies show that experience leaves a lasting impact on brain 
structure. For instance, learning to juggle or navigate an environment alters the volume of 
specific brain regions (Zatorre 2012). However, the cellular mechanisms and signaling pathways 
underlying these volume changes remain poorly understood. Mouse imaging studies are ideal for 
probing the cellular bases of these changes. In rodents, environmental enrichment is a well-
established paradigm to study the effect of experience on the brain (Diamond 1964). 
Environmental enrichment refers to housing conditions that provide more stimulation than 
standard cages, and can include toys, running wheels and social interaction. Enrichment is 
associated with many responses, including increases in dendritic branching, cell genesis and 
behavioural changes (van Praag 2000). Moreover, enrichment increases hippocampal volume at 
a scale detectable with mouse MRI (Scholz 2015). However the link between cellular and 
volume changes is unknown. 
One hypothesis is that the enrichment effects are due to learning to navigate a novel, spatially 
complex environment, and are mediated by the same cellular mechanisms underlying learning 



and long-term memory (LTM). Consistent with this, spatial maze-training also increases 
hippocampal volume in mice, but this effect is reduced in mice with impaired LTM. Given this, 
we hypothesized that enrichment-induced changes in hippocampal volume could be blocked by 
targeting the signaling pathways implicated in learning/LTM. 
The transcription factor CREB is critical for LTM and modulates many processes stimulated by 
enrichment including dendritic growth. We used CREB deficient mice to ask whether volume 
changes induced by enrichment require CREB-dependent processes. 
Methods: In vivo manganese-enhanced MRI was used to image adult CREB mutant mice 
(CREB+/+, CREB+/- & CREB-/-) at baseline, and then 48 hours, 1 week and 2 weeks after mice 
were placed into an enriched or standard environment. The enriched cage consisted of 3 storeys 
with tunnels and a running wheel. Automated image processing algorithms were used to detect 
volume changes associated with enrichment. 
Results: Surprisingly, our preliminary results suggest that enrichment increases hippocampal 
volume regardless of CREB genotype. This implies that contrary to our hypothesis, the volume 
changes are mediated by CREB-independent pathways or that only residual CREB function is 
required. Future experiments will test our revised hypothesis that hippocampal volume changes 
induced by enrichment are mediated by CREB-independent effects of exercise, while those 
induced by spatial learning require CREB. 
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Abstract: Activity-dependent gene expression is critical for the persistence of long-term 
memory. However, it has been challenging to identify, map and longitudinally compare active 
forebrain domains within the same animals in vivo, based on memory-related gene expression 
location during memory encoding and retrieval of remote memory. Previously, neurons activated 
after various cognitive tasks were determined ex vivo, based on immediate early gene (IEG) 
expression measured by means of in situ hybridization or serial two-photon tomography. To 
permit functional IEG imaging in vivo, we here developed a transcranial bioluminescence 
imaging system to enable widefield cortical recording of Arc promoter activity. First, we 
generated a transgenic mouse line in which an optimized luciferase reporter was driven under the 
control of the characterized full-length promoter of the Arc gene. We adopted a brighter version 
of luciferase (Emerald luciferase) as a reporter protein and further shortened its half-life using 
PEST sequence to minimize background and reliably measure Arc activation profile. In order to 
establish functional imaging from awake, head-fixed, intact-skull reporter mice, we further built 
an in vivo luminescence imaging system equipped with an EM-CCD, a head-fixed instrument, a 
light-proof box, and a continuous luciferin infusion port for long-term imaging. Using this 
imaging system, repeated transcranial imaging sessions were performed in the same animals over 
a couple of weeks, before, during and after an odor-reward association task, which initially 
required, but later became independent of, hippocampal activity. Based on image-based 
statistical analyses, we identified emerging, task-dependent, or memory retention period-
dependent, increases in Arc promoter activity in several cortical areas associated with retrieval of 
remote memory of an odor-reward association task. These results shed new lights on the spatial 
spread and temporal dynamics of systems consolidation in vivo. 
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Abstract: Recent evidence implicates epigenetic mechanisms in drug-associated memory 
processes. However, a possible role for one major epigenetic mechanism, nucleosome 
remodeling, in drug-associated memories remains largely unexplored. Here we examine mice 
with genetic manipulations targeting a neuron-specific nucleosome remodeling complex subunit, 
BAF53b. These mice display deficits in cocaine-associated memory that are more severe in 
BAF53b transgenic mice compared to BAF53b heterozygous mice. Similar to the memory 
deficits, theta-induced long-term potentiation (theta-LTP) in the nucleus accumbens (NAc) is 
significantly impaired in slices taken from BAF53b transgenic mice but not heterozygous mice. 
Further experiments indicate that theta-LTP in the NAc is dependent on TrkB receptor 
activation, and that BDNF rescues theta-LTP and cocaine-associated memory deficits in BAF53b 
transgenic mice. Together, these results suggest a role for BAF53b in NAc neuronal function 
required for cocaine-associated memories, and also that BDNF/TrkB activation in the NAc may 
overcome memory and plasticity deficits linked to BAF53b mutations. 
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Abstract: Chromatin modification is a molecular mechanism for both long-term memory 
formation and cocaine-induced neuroplasticity. Histone deacetylases (HDACs) are chromatin 
modifying enzymes that have been implicated as powerful negative regulators of memory 
processes. In these experiments, we investigate the role of HDAC3 (the most highly expressed 
Class I HDAC in the brain) in object-location memory as well as the acquisition and extinction 
of cocaine-associated memories using a genetic and viral approach. To investigate the role of 
HDAC3 in the dorsal hippocampus during object-location memory formation, C57BL/6J male 
mice received infusions of viruses which either overexpressed the Hdac3 gene or had a dominant 
negative mutation of the gene. We demonstrate that impairing the enzymatic activity of HDAC3 
in the dorsal hippocampus enhances object-location memory. Manipulating HDAC3 in the dorsal 
hippocampus also affects gene expression during the consolidation of object-location memory. 
Further, discrete stimuli or contexts previously associated with drugs of abuse are a major 
contributor to relapse among addicts. Conditioned place preference (CPP) is used to study cue-
elicited context preference. Previous work from our laboratory has shown that inhibition of 
HDAC3 not only facilitates the acquisition of cocaine-CPP, but also modulates the extinction of 
drug-associated behavior in a manner that is subsequently resistant to reinstatement. The specific 
neural loci where HDAC3 plays this critical role in the acquisition and extinction of cocaine-cue 
memories is yet to be determined. In these experiments, we also explored the role of HDAC3 
within the dorsal hippocampus and infralimbic cortex in cocaine-cue memories. Our findings 
demonstrate a critical role for HDAC3 in the molecular mechanisms underlying object-location 
and cocaine-cue memories. 
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Abstract: Neurogenesis in the dentate gyrus occurs throughout adulthood in mammals. 
However, there is controversy whether adult-born neurons decline in their activity levels and 
eventually “retire” as recently born neurons functionally take their place in neural circuitry. To 
address this issue, we birth-dated neurons in the dentate gyrus of Sprague-Dawley rats at 35, 12, 
6 and 4 wk prior to study at 10 months of animal age, using the thymidine analogues chloro-
deoxyuridine and iodo-deoxyuridine. We used immunofluorescence to identify active neurons, 
defined as those showing co-localization of the thymidine analogue and the immediate early 
gene Zif268, as well as a neuronal marker, either calbindin or NeuN. We found that, as 
predicted, cells born at 12 and 6 wk before study were significantly less active (i.e. showed less 
Zif268 expression) than cells born 4 wk prior (p = 0.002 and p = 0.01, respectively). 
Surprisingly, the cells born 35 wk prior to study, when the animals were 2 months old, expressed 
Zif268 just as frequently as 4 wk old cells. We then asked whether the relatively young animal 
age (2 months) when these 35 wk cells were born was the reason for the retained activity level 
across time. Cells birth-dated at this animal age and studied 12 wk later (animal age 5 months) 
showed the same high level of Zif268 expression as cells that were 4 wk old in the same animals. 
This contrasted with the low activity reported above for cells born at 7 months and studied 12 wk 
later at 10 months, suggesting that the animal age at cell birth is a critical factor. To further test 
whether the 35 wk cell age was in some way special, we birth-dated cells at 35 wk and 12 wk 
(when the animal was 7 months and 12 months old, respectively) prior to study at 15 months. 
The levels of activity at these two time points were not significantly different from each other, 
but significantly lower than the activity of the 35 wk old cells born at 2 months of animal age at 
studied at 10 months (p = 0.0037). Thus the 35 wk cell age is not itself a determinant of cell 
activity. Instead, these results indicate that neurons born when a rat is young (2 months of age) 
continue to be highly active in neuronal circuitry throughout adulthood. If “retirement” does 
occur, it may be specific to cells born during an animal’s middle-age. 
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Abstract: The ventral Subiculum (vSub) is a major output area of the hippocampus with 
projections to multiple brain region related to the acquisition and retention of memories 
associated with emotionally salient experience. The vSub receives cholinergic input from the 
medial septum and diagonal band of Broca (MS-DBB) complex. Previous studies show that 
altering the cholinergic input to the vSub changes the output to other areas (e.g. basolateral 
amygdala, BLA; Calandreau et al., 2006), and can profoundly vSub involved acquisition and 
recall of fear memory (Kenny et al., 2012; Cox et al., 2013). However, the circuits that mediate 
these changes within the vSub are less well described and the mechanism by which acetylcholine 
(ACh) regulates the circuit remains unclear. This current study is to determine how ACh 
modulates the activity within the vSub circuit and to determine how ACh regulates the output of 
vSub pyramidal projection neurons (PYNs). To begin to assess the effect of ACh on regulating 
vSub PYN excitability in acute vSub slice preparations, we deliver ACh with or without the 
presence of ACh antagonists and monitor the membrane potential and evoked currents in 
individual PYN via patch-clamp. ACh (1mM or 10uM) increases the overall firing rate of vSub 
PYNs. Lower concentrations of ACh also elicit a transient decrease in the frequency of 
tetrodotoxin (TTX)-resistant inhibitory synaptic transmission (mIPSC) onto PYNs. The 
cholinergic modulation of mIPSCs is blocked by submicromolar atropine, consistent with a 
muscarinic ACh receptor (mAChR) mediated mechanism. ACh also elicits a transient increase in 
the frequency of TTX resistant excitatory synaptic transmission (mEPSC) onto PYNs, which 
may involve nAChRs as removal of nAChR antagonists also elicits a transient increase in 
mEPSC frequency. To examine the effects of cholinergic signaling in vSub circuit dynamics we 
have used genetically encoded calcium indicators to monitor the calcium level within vSub 
PYNs. ACh (1mM) induces a dramatic increase in calcium signaling in over 80% of neurons, as 



well as a change in the extent of synchronization of calcium waves among neighboring neurons. 
These data are consistent with the idea that ACh can increase the excitability of PYN network in 
vSub, possibly via both mAChRs and nAChRs. 
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Abstract: Rett Syndrome (RTT) is an autism spectrum disorder that affects approximately 1 in 
20,000 girls and is caused by mutations in the gene encoding methyl CpG binding protein 2 
(MeCP2). The cholinergic system appears to be particularly important in RTT, as decreases in 
cholinergic markers have been correlated with increased clinical severity in patients with RTT. 
Schaaf and Zoghbi have developed a powerful transgenic mouse model, whereby MeCP2 is 
selectively deleted in cholinergic neurons only, to facilitate study of the contribution of this 
cholinergic lesion to the overall phenotype of RTT. Interestingly, this model exhibits a selective 
deficit in recognition memory, a form of declarative memory that has been shown by lesion and 
electrophysiological studies to be dependent upon cholinergic signaling in the perirhinal cortex 
(PRH). This memory deficit may map onto the intellectual disability seen in patients with RTT, 
however, its circuit level electrophysiological underpinnings are unknown. We use in vivo 
electrophysiology to compare baseline firing characteristics of PRH neurons in both mice in 
whom MeCP2 has been selectively deleted in cholinergic neurons (MeCP2 sKO) and control. 
We also use optogenetics to selectively activate cholinergic neurons in the Nucleus Basalis of 
Meynert, the cholinergic source nucleus that innervates the PRH, while simultaneously recording 
the effects of this selective activation to evaluate the cholinergic response profile of the PRH in 
each genetic condition. The network consequences of this altered responsiveness are evaluated 
using genetic markers of activity to map the recognition memory engram in both controls and 



MeCP2 sKO. We have shown that PRH units of control are much more variable than PRH units 
from MeCP2 sKO mice, perhaps indicating a loss of cholinergic modulation of firing. 
Additionally, the response of PRH units from MeCP2 sKO to stimulation of cholinergic input is 
greatly reduced. Recognition memory engram mapping shows that while control mice show 
differential activation of the PRH when exposed to either a novel or a familiar object, MeCP2 
sKO mice show no such differential activation. The deficient cholinergic modulation of PRH 
unit firing that we have observed among MeCP2 sKO mice may thereby impair encoding of the 
recognition memory engram and lead to the observed behavioral deficits. These results will 
further understanding of the role of ACh in encoding recognition memory and of the circuit level 
perturbations that may underlie cognitive phenotypes seen in patients with RTT. 
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Abstract: Age-related cognitive decline is a growing problem; by the year 2050 over 80 million 
people in the United States will be aged 65 and older. As such, our understanding of the 
pathophysiology and progression of age-related cognitive decline is of the utmost importance. 
The cholinergic system has long been implicated in cognitive decline, and perhaps more 
specifically, severe pathological cognitive decline as observed in Alzheimer’s disease. What 
remains unknown is the role of acetylcholine (ACh) in the temporal dynamics of age-related 
cognitive decline. The entorhinal cortex (EC) is an important relay station to the hippocampus, as 
well as a number of cortical areas. Importantly, it has been found to be particularly vulnerable in 
aging. The EC gets a major cholinergic projection from the basal forebrain (BF) cholinergic 
nuclei - a group of cholinergic nuclei that provide ACh to many cortical and subcortical 
structures. As the EC is affected early in aging, the circuit between the BF and the EC is of 
particular importance, and can give valuable information about how altered cholinergic system 
integrity in aging can alter cortical function. We have to our advantage a mouse model that 



recapitulates aging pathology of both amyloid beta plaque and neurofibrillary tangle 
accumulation at an earlier physical age. Using this model, we use optogenetic stimulation and in-
vivo electrophysiology to investigate the responsiveness of EC units to increased endogenous 
ACh. 
Preliminarily, we have found that the health and integrity of the BF cholinergic nuclei are 
compromised in the aging model. When examining the extent of cholinergic innervation to the 
EC, we find that the aging model has less cholinergic terminals, and those that remain appear 
fragmented. Using in-vivo electrophysiology to understand the implications of these changes, we 
found that EC opto-stimulation differentially modulates EC units in the aging model as 
compared to controls. In response to increased ACh in the EC, control animals have an increase 
in firing rate, while aging animals have a change in the firing pattern with no increase in firing 
rate. Interestingly, at baseline, EC units in the aging model have elevated firing rate as compared 
to controls. These preliminary findings suggest that impaired cholinergic innervation of the EC 
may result in an elevated EC firing rate, which renders EC units unable to respond normally to 
endogenous ACh release. These studies can provide explanations as to the early ACh dependent 
vulnerabilities in EC function in aging. Additionally, these experiments provide key information 
regarding the circuit level implications that result from altered responsiveness to ACh. 
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Abstract: Amino acids participate directly and indirectly in a variety of important biochemical 
functions in brain. Recently, we identified that one of amino acid metabolic enzyme, L-amino 
acid oxidase (LAO), expressd in mice hippocampus. It has been known that LAO converts 
particular l-amino acids, phenylalanine, methionine and leucine etc. into keto acids, ammonia 
and hydrogen peroxide. In this study, we investigated the importance of LAO in brain function 
using by LAO knockout (KO) mice. 
Firstly, we observed the presence of LAO protein in hippocampus of wild-type (WT) but not in 



LAO KO mice by immunofluorescence analysis. In addition, we measured the concentration of 
free amino acids in the hippocampus using mass spectrometry analysis. It was found that some 
free amino acids such as phenylalanine significantly increased in the hippocampus of LAO KO 
mice compared to that of WT mice. Next, we conducted several behavior test, open field test, 
elevated plus maze test and passive avoidance test, and found that LAO KO mice showed higher 
anxiety and weaker short and long term contextual memory compared to WT mice. To 
understand the change of major neurotransmitter concentrations in the hippocampus, we also 
measured acetylcholine, noradrenaline, serotonin and dopamine by mass spectrometry analysis. 
Interestingly, acetylcholine concentration in LAO KO hippocampus was significantly lower than 
in WT. Thus, we administered donepezil, inhibitor of acetylcholinesterase, to LAO KO mice and 
conducted passive avoidance test. It should be noted that administration of donepezil clearly 
improved contextual memory in LAO KO mice. We also confirmed that the concentration of 
acetylcholine in LAO KO hippocampus after donepezil administration was recovered to same 
level in WT mice. 
In conclusion, we revealed first evidence that LAO plays an important role in brain function, 
especially contextual memory through modulating acetylcholine level in hippocampus. Although 
we did not show exact mechanism how LAO modulates acetylcholine level, we provided one 
possibility that accumulation of phenylalanine might be related to decrease of acetylcholine level 
in LAO KO hippocampus. 
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Abstract: Sensory filtering refers to the processes that allow us to pre-attentively filter out 
redundant or unnecessary sensory information and consists of one of the most basic forms of 
learning, habituation. Habituation is a progressive decrease in response following repeated 
exposure to a stimulus and can be studied using the acoustic startle response (ASR) and 



exploratory behaviour in an open field as behavioural models. Habituation can be a either a 
transient process occurring within a single test session or long lasting when a decrease in 
response is observed across several sessions. The traditional view of cholinergic modulation of 
habituation is that acetylcholine is involved in habituation of motivated behaviour, such as 
exploratory behaviour, but is not involved in habituation of reflexive behaviour, such as the 
ASR. However, a recent study suggests that acetylcholine may be involved in long-term 
habituation of ASR. A potential cholinergic structure that has been previously implicated in 
modulating the startle response and locomotor behaviour is the pedunculopontine tegmental 
nucleus (PPT). We hypothesized that cholinergic PPT neurons modulate long-term habituation of 
the ASR and exploratory behaviour. To test the role of cholinergic PPT neurons in habituation, 
transgenic (CreChAT) rats were injected with an inhibitory DREADD (rAAV8-hSyn-DIO-
hM4Di-mCherry) or control (rAAV8-hSyn-DIO-mCherry) viral construct. Long-term 
habituation of the ASR and exploratory behaviour was tested over five consecutive days in 
which a systemic injection of the DREADD activator clozapine-N-oxide (CNO) was delivered 
prior to the test session. Preliminary findings suggest that cholinergic PPT neurons are not 
involved in long-term habituation of the ASR, but may be involved in long-term habituation of 
exploratory behaviour. In addition to behavioural experiments, in vitro electrophysiology was 
performed to confirm neuronal silencing following CNO application. 
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Abstract: Performance on the human CANTAB paired associates learning (PAL) task is 
impaired in patients with mild cognitive impairment (MCI) and further impaired in Alzheimer’s 
disease (AD). Indeed, worsening of PAL performance in MCI patients reliably predicts 
conversion to AD. Previous studies have demonstrated that scopolamine impairs performance on 



a nonhuman primate (NHP) version of the CANTAB PAL task. Agonists at the nicotinic alpha 7 
receptor subtype (nAChRa7) have been shown to significantly reverse scopolamine’s impairment 
of the NHP CANTAB PAL task, and the present study investigated whether a positive allosteric 
modulator (PAM) selective for nAChRa7’s would have a similar effect. nAChRa7 PAMs have 
been described as type I (where current is increased without changing receptor kinetics) and type 
II (receptor desensitization is slowed leading to a longer and larger charge transfer). Compound 1 
potentiated peak ACh-induced currents 1-fold relative to a maximal ACh concentration 3 mM 
and slowed channel desensitization, resulting in a 52-fold increase in charge transfer, consistent 
with a type II nAChRa7 PAM. Cynomolgus monkeys (N=7) were trained to perform the 
CANTAB NHP PAL task, including multiple levels of task difficulty. Similar to previous 
reports, scopolamine pretreatment impaired NHP PAL performance in a difficulty-dependent 
fashion. Scopolamine-induced impairments were significantly ameliorated by Compound 1 at 0.1 
mg/kg. These results are the first demonstrating scopolamine reversal by an nAChRa7 PAM in 
NHPs and are consistent with previous results where donepezil and nAChRa7 agonists 
significantly reversed scopolamine impairment of the NHP PAL task. Efficacy of nAChRa7 
PAM in reversing scopolamine impairment is consistent with their development as therapeutics 
for cognitive decline in MCI or AD. In addition, the high degree of similarity of the NHP 
CANTAB PAL task and the human CANTAB PAL task provides a unique opportunity to 
perform highly translational research. 
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Title: Anti-amnesic effects of Terminalia chebula extract on scopolamine-induced learning 
deficits in mice 
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Abstract: Terminalia chebula extract (TCE) has been widely used for cardiotonic, diuretic, and 
homeostatic treatments in many Asian countries. The major components of TCE such as tannic 
acid and chebulagic acid have anti-oxidant, anti-mutagenic, and anti-inflammatory properties. 
Although several in vitro studies have examined acetylcholinesterase (AChE) inhibitory 
activities of TCE, its neuropharmacological effects on memory function remain to be examined. 
The present study, therefore, investigated the anti-amnesic effects of TCE using scopolamine 
model of memory impairments. Mice was orally administered with TCE (200 mg/kg) or 
donepezil (5 mg/kg) for 14 days (days 1-14), and scopolamine (1 mg/kg) was injected 
intraperitoneally for 7 days (days 8-14), 30 min before the Morris water maze task (MWM) 
which was used to examine cognitive status. The brain of animals was dissected to measure 
expression levels of AChE and choline acetyltransferase (ChAT) in the hippocampus. Animals 
with administration of scopolamine alone showed impairments in acquisition and retention in 
MWM and increased hippocampal AChE expression levels. TCE treatments significantly 
attenuated scopolamine-induced memory impairment and restored hippocampal AChE 
expression levels. In addition, TCE treatments increased hippocampal ChAT expression levels. 
These findings suggest that TCE might be cognitive enhancer associated with modulation of 
cholinergic neurons. 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: Neuromodulatory effects on acetylcholine on alpha rhythm generation and how it relates 
to cognitive functioning 
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Abstract: Oscillations are said to play a vital role in organizing neuronal computations across 
various anatomical regions of the brain. These well characterized; wide range of brain rhythms 
are typically coordinated based on the intrinsic electrical properties of the neurons, network 
motifs, synaptic properties and neuromodulatory influences. 
Acetylcholine(Ach) functions as a neurotransmitter, as well as a neuromodulator in the extra-
cellular-matrix(ECM) driving activity in entire populations of neurons. In the thalamo-cortical 
circuit, the neuromodulatory effects of Ach can crucially change network excitability leading to 
activity in the alpha spectrum (one of the dominant oscillations of the brain). 
In a biophysically detailed neuronal network model of the thalamo-cortical circuit, we explore 
the generation of alpha-rhythms and its mechanism of disruption in Alzheimer's Disease(AD). 
We quantify the detailed current dynamics of the thalamo-cortical circuit involved in alpha that 
leads to emergence of the rhythm via enhanced acetylcholine activity. We show how 
heterogeneity in gap-junctional coupling strength between high-threshold thalamocortical cells 
(HTCs) can produce rich dynamics wherein cells can fire in and out of phase in agreement with 
experiments and influence the alpha-rhythm activity. Further, we show how shifting alpha band 
to lower frequencies contributes to enhanced inhibitory drive to the HTC cells and can be the 
causal link to diminished power in the alpha spectrum seen in Alzheimer’s patients. We also 
investigate how changes in intracellular calcium signaling related to AD can disrupt Alpha. 
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Abstract: The release of acetylcholine in the hippocampus during awake behavior is important 
for encoding memory. Within the hippocampal network, acetylcholine has diverse effects which 
are not ubiquitous and instead are exhibited at individual neurons and synapses. The 
Temporoammonic (TA) pathway carries spatial information from grid cells in entorhinal cortex 
layer III (EC LIII) to CA1 hippocampal place cells synapsing onto the distal dendrites. It is not 
currently known how acetylcholine regulates synaptic transmission in the temporoammonic 
pathway or which acetylcholine receptors mediate this regulation. To determine how 
acetylcholine regulates the temporoammonic pathway we made whole cell patch clamp 
recordings from CA1 pyramidal neurons in acute hippocampal slices from adult mice. Electrical 
stimulation in the Stratum Lacunosum Moleculare was used to isolate excitatory postsynaptic 
currents (EPSC) in the presence of Picrotoxin and recording at -70 mV or disynaptic inhibitory 
postsynaptic currents (IPSC) recording at 0 mV. The acetylcholine receptor agonist carbachol 
(CCh 10 µM) reduced both excitatory and inhibitory synaptic responses and increased paired-
pulse ratio for excitatory responses, indicating a presynaptic locus of action. Specific 
pharmacological intervention showed that neither M1 agonist was able to reproduce CCh 
induced synaptic currents reduction, nor M1 antagonist blocked the effect. In contrast, M3 
receptor antagonist occluded CCh induced reduction of synaptic probability of release to the 
same extent for EPSC and IPSC. The reduction in synaptic response for excitatory and inhibitory 
responses was similar for both but the increase in paired pulse ratio for excitatory responses 
produced a facilitation of excitatory-inhibitory balance in response to repetitive stimulation. In 
addition, CCh produced an increase in the number of spikes in the CA1 pyramidal neurons when 
TA synapses were repeatedly stimulated over a range of frequencies. This increase was 
principally mediated by a membrane potential depolarization, rather than a synaptic effect. We 
conclude that acetylcholine modulates the temporoammonic pathway onto CA1 pyramidal 
neurons by presynaptically located M3 muscarinic receptors. 
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Abstract: “Brain-on-chip (BOC)” devises, where neurons are incubated in microchips 
simulating internal condition of brain, are feasible for study of the mechanism of disease or 
chemotherapy of brains or neurons. Response of neurons to neurotransmitters is an important 
factor to evaluate activity of neurons in disease or therapy. Then we developed a new BOC 
devise which uses an electrochemically driven diaphragm micropump for neurotransmitter 
administration and voltage imaging for detecting neural response which is less invasive to the 
chip than traditional electrophysiological method. The micropump was fabricated by attaching 
polydimethylsiloxane (PDMS) sheets using plasma-etching. Electrolysis of the electrolyte 
pushed diaphragm to jet out the neurotransmitter solution in the pump. Then neurons isolated 
from abdominal ganglion of Aplysia californica were allowed to adhere on poly-L-lysine coated 
PDMS sheet to incubate for 3-4 days. The neurons were stained with Di-4-ANEPPS as a voltage 
sensitive dye (VSD). The dyed neuron was placed facing to the nozzle of the pump. Neural 
response was detected by the fluorescent intensity of the VSD. The VSD imaging of the neurons 
detected the action potentials 481 ± 64 ms later than the voltage application to the pump in order 
to administrate 1 mM acetylcholine solution. But the administration of 3 M potassium chloride 
solution by the micropump, the action potential was detected with latency of 277 ± 26 ms after 
the voltage application to the pump. The difference of response time is consistent with the fact 
that high concentration of potassium ion changes membrane potential directly but acetylcholine 
induces the potential change through acetylcholine receptor on the membrane. The result 
indicates that the administration of neurotransmitter by the micropump is effective for 
measurement of neural response latency. Neural signal can be detected less than one second, this 
system may monitor the neural function in the presence of therapeutic drugs or toxins. In this 
new system, neurons are not attached to the electrode and can be stimulated by plural 
neurotransmitters. The micropump has a very simple structure, and then many micropumps can 
be integrated in a small chip, which is promising to elucidate mechanism of neuron in abnormal 
condition. 
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Abstract: Neocortical pyramidal neurons comprise two broad classes of projection neurons: 
commissural/callosal (COM) neurons that provide interhemispheric connectivity, and 
corticofugal neurons that project to many subcortical targets, including, in the case of 
corticopontine (CPn) neurons, the pontine nuclei. COM and CPn neurons have distinct 
morphological and physiological characteristics, including divergent postsynaptic responses to 
the neuromodulators acetylcholine (ACh) and serotonin (5-HT). Despite the well-characterized 
selectivity of postsynaptic regulation of COM and CPn neurons by ACh and 5-HT, little is 
known about the presynaptic selectivity of these transmitters on glutamatergic transmission in 
the cortex. To examine this, we are expressing channelrhodopsin-2 (ChR2) in select afferent 
pathways to the medial prefrontal cortex, and testing presynaptic effects of ACh and 5-HT on 
light-evoked synaptic events in pairs of physiologically-identified COM and CPn neurons. We 
first characterized the synaptic connectivity of ChR2-expressing COM afferents in one 
hemisphere onto pairs of COM and CPn neurons in the contralateral hemisphere. 
Interhemispheric COM afferents targeted COM and CPn neurons with equal probability, and 
generated excitatory postsynaptic potentials (EPSPs) of similar magnitude in both neuron types 
across a range of light intensities (n = 19 pairs). However, across all light intensities, COM 
inputs to CPn neurons were more likely to initiate action potentials than were COM inputs to 
simultaneously recorded COM neurons (p < 0.05). Bath application of 5-HT (40 µM, in the 
presence of blockers of postsynaptic 5-HT1A and 5-HT2A receptors) reduced the amplitude of 
COM-evoked EPSPs in both COM (from 8.9 ± 1.1 to 4.5 ± 0.7 mV) and CPn (from 8.7 ± 1.0 to 
3.5 ± 0.6 mV) target neurons (n=19 pairs; p < 0.05). Although reductions in EPSP amplitudes 
were somewhat larger in CPn neurons (-62 ± 3%; n = 25) compared to COM neurons (-49 ± 4%; 
n = 23; p < 0.05), this may reflect a decrease in input resistance (-6.3 ± 2.3%; p < 0.05) observed 
selectively in CPn neurons, which may result from insufficient blockade of 5-HT1A receptors, or 
from the expression of additional postsynaptic 5-HT receptors in CPn neurons. Preliminary 
results suggest that endogenous ACh also potently reduces glutamate release from COM 
afferents onto contralateral COM and CPn target neurons. These results contribute to our 
understanding of the connectivity and neuromodulatory control of cortical circuits. 
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Abstract: The availability of a potent and selective radioligand that binds to the M4 muscarinic 
acetylcholine receptor (mAChR) allosteric site will facilitate the understanding of M4 positive 
allosteric modulator (PAM) pharmacology. Herein, we profile a M4 selective PAM radioligand, 
[3H]PT-0921, in rat and human M4 stable cell lines and native tissue assays. PT-0921 is a novel 
M4 mAChR PAM shown to decrease cAMP production with an EC50 of 6.09 ± 1.46 nM (human) 
and 1.81 ± 0.13 nM (rat) for stably expressing M4 HEK293 cells, measured using a potentiation 
assay in the presence of an EC20 concentration of acetylcholine (ACh). This receptor-selective 
ligand showed no functional PAM response at the M1, M2, M3, and M5 mAChR subtypes when 
tested up to 10 µM. Also, the effects on the affinity of ACh at the [3H]NMS orthosteric binding 
site was examined in M4 stable cell lines and PT-0921 reduced the concentration of ACh 
required to inhibit [3H]NMS binding to the M4 mAChR, left-shifting the EC50 of ACh by 35-fold 
(rat) and 65-fold (human) at 10 µM. Binding of [3H]PT-0921 to coronal sections of the rat brain 
in autoradiographic localization studies showed distribution in the cortex, nucleus accumbens, 
caudate putamen, and olfactory tubercle, while being displaced by 10 µM of the M4 PAM, 
Compound A. One limitation of PT-0921 is that it is a Pgp/BCRP substrate and though it gets 
into the brain, it is actively transported out. This liability made a [3H]PT-0921 in vivo receptor 
occupancy assay unfeasible. To overcome this challenge, we took advantage of the Pgp/BCRB 
triple knockout mouse. In these transgenic mice we were able to utilize [3H]PT-0921 for 
quantification of in vivo occupancy of another M4 PAM, Compound B, which showed 92% 
receptor occupancy in the striatum when administered at 10 mg/kg. Taken together, these data 
show PT-0921 to be a selective M4 PAM and [3H]PT-0921 is shown to be a useful tool in the 
investigation of M4 PAMs both in vitro and in vivo. 
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Abstract: The density of the cholinergic innervation of the basolateral nucleus of the amygdala 
(BL) by the basal forebrain is much greater than that of the neocortex or hippocampus. 
Activation of muscarinic receptors in BL is critical for the consolidation of many types of 
memory including inhibitory avoidance and fear conditioning. Since suppression of GABAergic 
inhibition is important for synaptic plasticity in the BL, it is essential to determine which, if any, 
interneuronal (IN) subpopulations are modulated by activation of distinct presynaptic muscarinic 
receptors. To investigate this question we performed paired recordings from presynaptic INs and 
postsynaptic PNs using whole-cell patch-clamp techniques in rat amygdalar slices. Putative INs 
and PNs were initially identified on the basis of differences in perikaryal size and shape, and 
electrophysiological properties. Application of muscarine (10 µm) suppressed the IPSCs evoked 
by presynaptic INs in the paired PNs by 80%, but left spontaneous IPSCs intact. In other studies, 
in both rats and mice, evoked monosynaptic IPSCs in PNs were inhibited by 50% by muscarine. 
This suppression was almost entirely reversed by the M2R antagonist AF-DX 116 (1 µm). The 
inability of muscarine to completely inhibit the IPSCs at saturating concentration suggests that 
M2Rs are present on only a subpopulation of inhibitory axon terminals. As in the cortex there are 
two main types of INs in the BL. INs expressing parvalbumin (PV) provide most of the 
perisomatic innervation of PNs, but also innervate PN dendrites. INs expressing somatostatin 
(SOM) mainly innervate distal dendrites and spines of PNs. Dual-labeling electron microscopic 
studies using immunoperoxidase and silver-enhanced immunogold procedures are now in 
progress to determine whether M2Rs are expressed in the axon terminals of PV+ and/or SOM+ 
INs. In addition, structures that are postsynaptic to these terminals are identified on the basis of 
morphological criteria. Limited preliminary data from M2R/PV preparations suggest that some 
PV+ terminals forming synapses with dendritic shafts may express M2Rs. Further analysis is 
required to confirm these findings, to gather data on PV inputs to PN perikarya, and to 
investigate expression of M2Rs in SOM+ axon terminals. In conclusion, electrophysiological 
and neuroanatomical findings to date suggest that activation of M2Rs in axon terminals of one or 



more subpopulations of BL INs is critical for the disinhibition of PNs by ACh. This disinhibition 
could contribute to the consolidation of emotional memory by the BL. 
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Abstract: Post-Traumatic Stress Disorder (PTSD) is a mental health disorder that can occur 
following a traumatic event such as being in combat, witnessing or being assaulted, or 
experiencing a natural disaster. Individuals with PTSD are unable or impaired in their ability to 
extinguish fear memories, resulting in disabilities preventing them from living normal, healthy 
lives. However, it remains unclear why some individuals exposed to traumatic events develop 
PTSD while others are more resilient and do not. Acetylcholine is known to play a critical role in 
fear learning, but its role in fear extinction is not as well understood. This study utilized a rat 
model of fear extinction to determine if individual differences in extinction learning are 
correlated with markers of cholinergic signaling. Cholinergic markers include M1 muscarinic 
acetylcholine receptor (M1 mAChR) and vesicular acetylcholine transporter (vAChT). These 
cholinergic markers are strongly expressed in brain regions, such as the amygdala and prefrontal 
cortex (PFC), which function in the fear extinction circuit. The goal of the present study was to 
determine whether individual differences in cholinergic signaling in these brain regions underlie 
the differences observed in fear extinction. Expression levels of cholinergic markers were 
measured in the amygdala and PFC of male Long-Evans rats after undergoing a Pavlovian fear 
conditioning and extinction paradigm. We found that rats exhibited individual differences in 



extinction of freezing behavior following twenty presentations of a conditioned auditory 
stimulus. When M1 mAChR expression in these animals was assessed, a significant correlation 
was evident between expression level of M1 mAChR in the amygdala and the freezing behavior 
during the extinction trials. Expression of M1 mAChRs in the amygdala of animals showing 
good extinction learning was significantly higher than that in animals resistant to extinction. In 
contrast, there was no significant correlation between vAChT expression and freezing in either 
amygdala or PFC. These results suggest that low expression of M1 mAChRs in the amygdala is 
correlated with deficits in fear extinction. These results are in agreement with the role of 
muscarinic receptors in other aversive learning paradigms, and suggest that therapeutic strategies 
aimed at enhancing muscarinic signaling in the amygdala may enhance fear extinction in animals 
and perhaps patients with PTSD. 
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Abstract: The basolateral amygdala (BL) is essential for emotional memory and fear learning. 
The BL receives strong recurrent excitation as well as afferent glutamatergic inputs from a 
variety of brain regions, including midline thalamic nuclei (Thal), prelimbic area (PL) of the 
medial prefrontal cortex and the lateral nucleus of the amygdala (LA). The BL is also the target 
of extensive cholinergic innervation from the basal forebrain. Acetylcholine acting in the BL 
plays a critical role in consolidation of fear memory, although exactly how it modulates synaptic 
transmission to BL is relatively unknown. To investigate this question we examined muscarinic 
acetylcholine receptor (mAChR) modulation of synaptic transmission at different glutamatergic 
inputs to the BL. Using optogenetics and whole cell electrophysiology in rodent amygdalar 



slices, we compared the effects of mAChR activation with muscarine (10 µM) on synaptic 
transmission at recurrent and afferent inputs to BL pyramidal neurons (PNs). Bath application of 
muscarine strongly suppressed evoked EPSCs at PL inputs, while EPSCs at Thal inputs were 
only partially inhibited and input from LA was not inhibited. Muscarine also failed to inhibit 
recurrent excitation in BL. At cortical inputs muscarine-evoked inhibition was partially blocked 
by the M1 mAChR antagonist, telenzepine, and fully blocked by the M3 antagonist 4-DAMP, 
indicating that the inhibition was produced by activation of M1 and/or M3 mAChRs. 
Interestingly, while muscarine suppressed cortical input to BL PNs during a single stimulus, it 
increased the reliability of excitatory transmission during a stimulus train by reducing synaptic 
depression. This effect was greatest at stimulus frequencies in the gamma band (30-90 Hz). 
These findings suggest that during periods of high cholinergic tone mAChRs would filter cortical 
and thalamic input to BL, while leaving inputs from LA and recurrent inputs from BL 
unchanged. This may increase the signal to noise ratio for LA input to BL, allowing the LA to 
more strongly influence BL PNs at frequencies below gamma band. However, at gamma 
frequencies cortical inputs would be strengthened. This frequency dependent regulation could 
protect the BL from asynchronous afferent input, while increasing functional coupling and 
synaptic plasticity between BL and PL cortex. 
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Abstract: Olanzapine (Olz), one of the most frequently prescribed atypical antipsychotics, is 
generally considered a first-line drug for treating schizophrenia. In contrast to psychotic 
symptoms, the effects of Olz on cognitive symptoms of schizophrenia are still unclear. In 
addition, the mechanisms by which Olz affects the neural circuits associated with cognitive 
function are unknown. Here we investigated the effects and mechanisms of Olz on synaptic 
plasticity and the cognitive behavior of mice. Olz interrupts depotentiation without disturbing de 
novo LTP and LTD. At hippocampal SC-CA1 synapses, co-activation of NMDARs (N-methyl-



D-aspartate receptor), mGluRs (metabotropic glutamate receptors), and mAChRs (muscarinic 
acetylcholine receptors) is necessary and sufficient to reverse stably expressed LTP. Olz inhibits 
the activation of mAChRs, which amplifies glutamate signaling. Behaviorally, Olz impairs 
spatial reversal learning of mice in the Morris water maze test. Our results uncover a novel 
mechanism underpinning the cognitive modulation of Olz and show that the anticholinergic 
property of Olz affects glutamate signaling and synaptic plasticity. 
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Abstract: The cholinergic basal forebrain (CBF) has been implicated in diverse cognitive 
functions through its influence on cortical information processing. Earlier studies differentiated 
tonic and phasic effects of the CBF based on the varying timescales of cortical acetylcholine 
release (Parikh et al., 2007). In accordance, in vitro experiments described an early- and a late 
firing cholinergic group, likely corresponding to bursting and non-bursting neurons (Unal et al., 
2012), proposing that bursting neurons convey phasic information while non-bursting neurons 
set tonic levels of cortical acetylcholine. However, this theory has not been tested in vivo, 
therefore it remains unclear how bursting and non-bursting groups of CBF contribute to 



cholinergic effects at different time scales (Hangya et al., 2015). 
To address this question we analyzed optogenetically identified and putative cholinergic neurons 
in the nucleus basalis (NB) (n = 44) and in the horizontal limb of the diagonal band of broca 
(HDB) (n=12) in mice performing an auditory detection task requiring sustained attention. Our 
analysis of autocorrelations (Royer et al., 2012) uncovered three types of cholinergic neurons: 
‘tonic’ neurons showing long refractory periods, ‘phasic bursting’ neurons showing classical 
bursting phenotype and ‘phasic non-bursting’ neurons exhibiting short refractory but no 
prominent burst shoulders. By analyzing cross-correlations of concurrently recorded pairs of NB 
neurons (n = 16) we discovered that the bursting ones were synchronously active at a short 
timescale, unlike the tonically active cholinergic neurons. However, all three cell types were 
capable of fast and precise responses to behaviorally salient events, which clearly distinguished 
them from tonically active cholinergic interneurons of the striatum. Thus, bursts of cholinergic 
neurons likely reflect strong bottom-up excitatory drive that, with the added synchrony, leads to 
stronger and more wide-spread cortical activation. 

Disclosures:  T. Laszlovszky: None. A. Kepecs: None. B. Hangya: None. 

Poster 

741. Cholinergic Modulation: Physiology and Behavior 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 741.18/III48 

Topic: B.07. Synaptic Transmission 

Support: CONACyT CB-2013-01 221653 

Title: Smoking-like nicotine levels increase excitatory synaptic response in the prefrontal cortex 
of the mouse 

Authors: *R. D. CUEVAS OLGUIN1, F. VAZQUEZ-PONCE1, E. ESQUIVEL-RENDON1, J. 
VARGAS-MIRELES1, I. GONZALEZ-NATERAS1, M. MIRANDA-MORALES1, H. ARIAS2, 
M. ATZORI1;  
1UASLP, San Luis Potosi, Mexico; 2Med. Educ., California Northstate Univ. Col. of Med., Elk 
Grove, CA 

Abstract: The legal addictive drug nicotine produces multiple biological effects. Central effects 
of nicotine are still scarcely understood. Nicotine users report an emotional relief during the first 
several minutes following the intake of the drug by smoking. This phenomenon has been 
correlated with the co-release of several neurotransmitters, mainly dopamine, throughout the 
limbic system. In the present work we investigated the possibility that nicotine directly affects 



synaptic transmission in the limbic system. We did so by determining the effect of a dose of 
nicotine equivalent to smoking one cigarette (300 nM) on the excitatory synaptic transmission of 
the prefrontal cortex - a brain region involved in the perception of pleasure and relief - in a 
murine model (C57BL/6). In order to determine the effect of nicotine on excitatory synaptic 
transmission, we performed patch-clamp recording on layer 5 visually-identified neurons of the 
medial prefrontal cortex, measuring electrically evoked pharmacologically isolated post-synaptic 
currents (eEPSC) in the presence of the blocker of γ-amino butyric acid (GABA) type A receptor 
(GABAAR) blocker bicuculline meth-chloride. α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic receptor (AMPAR)-mediated synaptic signals were recorded at the holding 
voltage Vh = -70 mV and measured as peak amplitude of the corresponding synaptic inward 
current, while N-methyl-D-aspartate receptor (NMDAR)-mediated currents were recorded at the 
holding voltage Vh = +40 mV and measured as the late current at a fixed interval of 180 ms after 
the stimulation artefact (in order to minimize the AMPAR-mediated contribution), both of them 
using a paired pulse protocol at 180 ms interpulse interval, every 12 s. Nicotine increased both 
AMPAR-mediated as well as NMDAR-mediated eEPSCs (120 ± 33 %, n = 8; 41 ± 22 %, n = 6, 
respectively), without changing the pair pulse ratio (ratio between the second response, A2 and 
the first response A1, PPR = A2/ A1) for either AMPAR-mediated eEPSC (0.95± 0.02 in control, 
vs. 0.83 ± 0.96) or NMDAR-mediated eEPSCs (0.79 ± 0.06 in control vs 0.73 ± 0.07 in nicotine, 
same samples). Our results show that the presence of nicotine acutely enhances glutamatergic 
synaptic transmission. The simultaneous increase of AMPAR-mediated and NMDAR-mediated 
signal, together with the lack of change in PPR, suggest that nicotine may increase excitatory 
synaptic response through a presynaptic mechanism, possibly through the increase in glutamate 
release. The identification of the type of nicotinic receptors involved in the enhancement of 
glutamatergic response and its physiological significance still require further investigation. 
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Abstract: The striatum is the main input nucleus of basal ganglia. The principal output neurons 
of the striatum (striatal projection neurons, SPNs) transform the input to the striatum, originating 
from all areas of the cerebral cortex, into output activity that is transmitted to other basal ganglia 
structures. This transformation involves interactions of glutamatergic inputs from the cortex, 
with local input from other SPNs, extrinsic modulation by dopaminergic afferents, and local 
interneurons. Acetylcholine is released in high concentrations by a population of cholinergic 
interneurons (CINs), but the function of acetylcholine in the striatum remains enigmatic. We 
have recently shown that loss of cholinergic function in the striatum is associated with a 
significant impairment in learning of new behavioral strategies (Aoki et al., J Neurosci, 2015). 
However, how CINs firing pattern contribute to local striatal activity in vivo remains to be 
elucidated. To investigate this question, we made electrophysiological recordings in anesthetized 
mice from SPNs while optogenetically controlling CINs firing. CINs were identified in vivo by 
juxtacellular recordings and showed typical spontaneous firing with regular, irregular, and 
bursting patterns. SPNs exhibited low spontaneous firing frequency. We found that optogenetic 
activation or inactivation of CINs did not produce significant increase or decrease of their firing 
rates. We hypothesize that CINs may have a state-dependent modulatory effect on slow 
membrane oscillations of SPNs. To test this hypothesis, we will obtain whole-cell recordings 
from SPNs and compare the effect of CINs pause burst firing patterns on spontaneous membrane 
potential fluctuations and in responses to glutamatergic synaptic input. 
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Abstract: Trisomy of the 21st chromosome results in Down syndrome, one of the most common 
congenital disorders with an underlying genetic basis. Though Down syndrome is associated 
with many phenotypes, those that affect the nervous system present the greatest obstacles to 
achieving high quality of life. To better understand the genetic basis of neurological phenotypes 
in Down syndrome, we systematically screened all putative human 21st chromosome orthologs in 
Caenorhabditis elegans using both RNA interference (RNAi) and loss-of-function mutant 
analysis. In addition to screening for superficial neuronally dependent behaviors (e.g. 
locomotion), we also assessed neuromuscular synaptic function using the acetylcholinesterase 
inhibitor aldicarb. We identified several genes with decreased cholinergic secretion, including 
mtq-2, a highly conserved ortholog of the human 21st chromosome gene N6AMT1. Further, we 
determined a preliminary neuronal expression pattern for mtq-2 in C. elegans. These data suggest 
a potential role of mtq-2 in mediating nervous system function in worm and provide a platform 
on which mammalian researchers may build. 
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Abstract: Oleanolic acid is a naturally occurring triterpenoid that is widely present in food and 
medicinal plants. To examine the effect of oleanolic acid on memory deficits, we employed a 
scopolamine-induced cognitive deficit mouse model. A single administration of oleanolic acid 
significantly increased the latency on the passive avoidance task and affected the alternation 
behavior on the Y-maze task and the exploration time on the novel object recognition task, 
indicating a recovery of the cognitive impairment induced by scopolamine. In accordance with 
previous reports, oleanolic acid enhanced ERK1/2 and CREB phosphorylation and BDNF 
expression in the hippocampus. Together, these results imply that oleanolic acid ameliorates 
scopolamine-induced memory impairment by modulating the ERK1/2-CREB-BDNF pathway in 
mice, suggesting that oleanolic acid would be a potential therapeutic agent for the treatment of 
cognitive deficits. 
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Abstract: α7 nicotinic acetylcholine receptors (α7nAChRs) are ligand-gated ion channels that 
have been implicated in modulating cognitive functions like episodic memory and attention. 
Hence, α7nAChR agonists/modulators have been investigated as potential drug candidates to 
improve cognition in Alzheimer’s disease (AD) and schizophrenia, with the partial agonist EVP-
6124 (Encenicline) recently terminated in Phase III clinical trials. Upon repeated activation the 
α7nAChR quickly desensitizes, possibly limiting the effects of (partial) agonists. In the current 
study, the cognition enhancing properties of low dose administration of selective α7nAChR 
antagonists were investigated in rats as low doses of methyllycaconitine (MLA) have been 
reported to improve cognition in animals. Memory acquisition and consolidation processes were 
assessed separately with the object recognition task (ORT). The compounds used for these 
studies were MLA and Compound 7i. Interestingly, it was found that low doses of either MLA or 
Compound 7i improved the acquisition, but not the consolidation processes of object recognition 
memory at a 24 h retention interval. Conversely, higher doses impaired the memory performance 
at a shorter 1 h retention interval. In addition, the same compounds were studied in a model of 
neuronal plasticity, long-term potentiation (LTP). In accordance to the behavioral studies, it was 
demonstrated that pre-tetanus low-dose administration of MLA or Compound 7i produced a 
longer lasting potentiation, whereas post-tetanus administration had no effect. Microdialysis 
studies showed that MLA administration substantially increased hippocampal glutamate efflux 
which has been found to be related to object memory processes. To further elucidate the 
mechanism by which these α7nAChR antagonists exerted this paradoxical effect, 



electrophysiological studies in oocytes expressing human α7nAChRs were performed. These 
studies will be outlined and have led to novel a mechanistic model. The proposed model is an 
extension of the minimal allosteric model of ion channels in which low concentrations of 
α7nAChR antagonists re-sensitize the receptor channel by reversing the desensitized state to the 
resting state, which is again susceptible to agonist binding and subsequent channel opening. In 
summary, blocking α7nAChRs with low doses of selective antagonists improves specifically the 
memory acquisition process. While the main focus of the α7nAChR as a target for cognition 
enhancement has been on agonists and positive modulators, antagonism of these receptors at low 
doses might actually prove to be a valuable approach for cognition enhancement in AD or 
schizophrenia. 
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Abstract: Parkinson’s disease (PD) is primarily associated with motor impairment, yet non-
motor symptoms, including behavioral and cognitive disturbances, are prevalent and greatly 
impact daily functioning and quality of life. Current treatments for PD dementia include 
administration of acetylcholinesterase inhibitors (AChEIs) which can be accompanied by 
undesirable side effects. Lowering the effective dose of AChEI could reduce the prevalence or 
severity of these side effects. The current work examined the potential of using low-doses of 
donepezil or rivastigmine in conjunction with a selective 5-HT2A antagonist/inverse agonist 
called M100,907 to improve cognition in a rat model of PD. Sprague Dawley rats received 
bilateral sham or 6-hydroxydopamine (6-OHDA) lesions of the substantia nigra (SN)1. Following 
recovery, rats were administered M100,907, either donepezil or rivastigmine, or combinations of 
M100,907 with either donepezil or rivastigmine prior to assessment of novel object recognition 
(NOR) or working memory performance in the radial arm maze (RAM). 6-OHDA lesion 



impaired the cognitive performance of rats in the NOR and RAM tests. Treatment with either 
rivastigmine or donepezil attenuated the cognitive deficits of 6-OHDA lesion rats, while 
M100,907 was ineffective. In addition, sub-effective doses of rivastigmine or donepezil 
combined with M100,907 reversed the deficits of lesioned rats in the NOR and RAM tasks. 
Pharmacokinetic studies suggest that the increased potency of either rivastigmine or donepezil 
cannot be explained by changes in their bioavailability as a consequence of co-administration 
with M100,907. This work suggests that rats with 6-OHDA lesion of the SN display cognitive 
deficits. Further, combined administration of low doses of AChEIs and selective 5-HT2A inverse 
agonists, while ineffective alone, could be effective treatments of cognitive deficits associated 
with dopaminergic cell death, potentially with fewer side effects. 
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Abstract: It have been reported that the Benzoazocines are structures azocines and that may 
have inhibitory activity on acetylcholinesterase (AChE). Drugs that enhance cholinergic activity 
through by reversible inhibition of the enzyme acetylcholinesterase and increase synaptic levels 
of acetylcholine is plausible that improves attention, learning and the memory process. If these 



new benzoazocines produce these effects, it would be candidates to improve cognitive processes 
in neurodegenerative diseases such as Alzheimer's disease. Some acetylcholinesterase inhibitors 
such as galantamine reversibly inhibit AChE only up to 60%, increasing acetylcholine levels, 
resulting in an improvement in learning and memory processes. The aim of this study was to 
evaluate the effect of administration of a novel compound benzoazocines on learning and spatial 
memory. Also we investigated the effect on AChE activity in intact rats. Male Wistar rats were 
used. The animals were divided into control group (n = 7) and problem group (n = 7) and were 
administered subcutaneously [DMSO 0.5%] and 1.5 mg / kg of benzoazocines respectively, for 
19 days. Spatial learning was assessed in the radial maze 10 days after administration. Memory 
was assessed on 21 day in the 8-arm radial maze. After the memory test, the animals were 
euthanized and extracted: frontal and temporal cortex, amygdala and hippocampus. Using 
spectrophotometer test the lipid peroxidation and nitrite determinations were made. The AChE 
activity was determined by the Ellman assay. The Benzoazocines (1.5 mg / kg) administration 
resulted in no change in the learning test. However there was an increase by 20% correct 
responses in the test of spatial memory compared to the control group. This dose caused no 
harmful effects on the system, with no induction of lipid peroxidation, or oxidative stress or 
nitrosative stress, compared to their respective control group. The administered dose (1.5mg / kg) 
produced an increase of 30% in the inhibition of AChE activity hippocampus and temporal 
cortex. There were not changes in amygdala and frontal cortex. The results provide the basis of 
study on that new structures are benzoazocines as compounds with anticholinesterase function 
and plausible effect on improving memory. 
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Abstract: Women (10-20%) have been found to consume large amount of alcohol (ethanol) 
during pregnancy. Prenatal alcohol exposure has been correlated to multitude of dose dependent 
effect on the structure and functions of the central nervous system in the humans and animals. 
During the pregnancy, in addition to alcohol consumption, smoking (nicotine exposure) is also 
observed. Thus, alcohol (ethanol) and smoking (nicotine) exposure during pregnancy can have 
substantial neurotoxic effects on the offspring. Therefore, in our study, we used a Sprague 
Dawley rat model exposed to alcohol (mixed with water) and nicotine (subcutaneous-mini 
osmotic pump) during gestation. We assessed the effects of alcohol and nicotine exposure on the 
behavioral and neurological changes. Y-maze was used to study the effect on cognitive 
impairment. Long-term potentiation (LTP) and expression of ILK & PSD-95 was studied to 
correlate the effects with cognition. Significant deficits in spatial memory task were observed in 
the alcohol only treated group as compared to the control. Interestingly, the offspring exposed to 
prenatal nicotine and alcohol showed significant improvement in the spatial task as compared to 
the alcohol treatment. However, the improvement in spatial learning deficit is not supported by 
the LTP in these animals. Alcohol and nicotine exposed animals showed significant deficit in 
LTP as compared to the control. There was an increase in the hippocampal PSD-95 expression 
and no change in ILK expression in the alcohol and nicotine treated group as compared to 
alcohol alone or the control. Thus, nicotine and alcohol exposure during pregnancy may have a 
mixed and detrimental effect in the central nervous system. 
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Abstract: A series of experiments were conducted in a cross-maze using a behavioural design 
based on the Object-in-Place (OiP) test of associative recognition memory. An intact tripartite 
network between the hippocampus, perirhinal cortex and prefrontal cortex has previously been 
demonstrated to be critical for successful performance during the OiP task. Optogentic 
manipulations were used to determine the nature of the interactions between the hippocampus 
and medial prefrontal cortex at various stages of the task and pharmacological manipulation of 
acetylcholine was used to determine the possible role of neuroplasticity in these two regions. The 
results are discussed in relation to the tripartite network and the formation of associative 
recognition memory. 
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Abstract: Currently the exposure to electromagnetic waves is increasing due to the presence of 
household appliances related to the electric current and the emission of low-frequency waves, as 
well as radio stations, TV antennas, telecommunication signals, Wi-Fi, smartphones, etc. 
Damages to the health have been linked to them, however, transcranial electromagnetic 
stimulation has been used has therapy for epilepsy, depression, PTSD with positive results in 
humans, in animal models there is experimental evidence that at an particular intensity, magnetic 
stimulations normalize corticosterone levels in stressed animals, as well as when the organism is 



exposed to non-ionizing radiation neurogénesis in the hippocampal dentate gyrus turns out to be 
favored. Also, there is experimental evidence about how magnetic stimulation can alter the 
learning and memory processes, in here, there is controversy, since some authors refer a positive 
meanwhile others found deleterial effects. Magnetic stimulation at 8mT, has been found to 
decrease consolidation in the reference memory using the Morris maze. The aim of this study 
was to determine if the forced exposure to electromagnetic waves of low frequency (0.2mT) in a 
particular moment of the day generates positive results in learning processes of learning and 
reference memory in adult rats. Sprague-Dawley adult male rats, were randomly divide in 6 
groups (n=10), maintained under a 12/12 light cycle, water and food ad libitum, temp 22-24°C in 
polycarbonate cages. All groups were confined to a faradized chamber for 15 minutes every day 
for 3 weeks. Control (Co) was confined but not stimulated, meanwhile 2 groups were confined 
and stimulated (0.2mT) at ZT2 (means 2hrs after lights on), and 2 other groups were confined 
and stimulated at ZT14 (2hr after lights off). After 3 weeks all groups were tested using the 
Morris water maze, as follows ZT2 group was subdivide in ZT2/ZT3 and ZT”/ZT15, meaning 
animals were tested at ZT3 or ZT15. ZT14 groups were under similar treatment, ZT14/ZT3 
andZT14/ZT15. Controls were tested at ZT3 and ZT15. Our results shows that total acquisition 
latency improved in all stimulated groups, those were faster learners as well. Consolidation 
latencies were improved in ZT2/ZT3 and ZT14/ZT3, but worsened in ZT2/ZT15 and ZT14/ZT15 
groups. For reference memory Probe immediately afterwards, we found no significant 
differences, but after 8 days memory was poorer than control. We conclude that although 0.2mT 
appears to be positive for learning, there is a temporal component may be linked to the circadian 
attention processes that affect the memory consolidation and long term retrival. 
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Abstract: The cadmium (Cd) is a highly toxic heavy metal and have been determined that Cd 
affects some organs such as the liver and kidney. Apparently, the brain is also affected and 
interferes with the cognition function. However, for the time there are few studies dealing with 
the effects of the Cd over the learning and the spatial memory and his correlation with the 
concentration of the Cd in the hippocampus, and the blood serum. To carry out this study, 
pregnant female rats, where used and monitored until parturition. The eight male pups were 
assigned by one mother. They were kept in a light-dark 12:00 to 12:00, the pups were injected ip 
with cadmium chloride at doses of 1 mg/kg /600 µl injection and control group were injected 
with saline. The injections were daily up to 56 days of life. The learning test was performed at 
120 days of age, per six consecutive days, and the spatial memory in the 7th day using the 
aquatic maze of Morris (AMM). Finally after the last register (day 7), the subjects (Ss) were 
sacrificed by decapitation with anesthesia for obtaining serum and hippocampus, it was also 
determined the concentrations of Cd by atomic absorbance spectrophotometry. The results on the 
learning and especial memory in the AMM showed that the treated group with Cd his learning 
decreased significantly compared with the control group. On day seven, the Ss of control group 
showed a persistent searching on the platform, while Ss of control group with Cd weren´t 
persistent in the searching of the platform and Cd concentration in hippocampus and serum blood 
were increased in the experimental group. These data suggest that Cd chronic administration was 
accumulated in hippocampus, and may provoke alterations in this structure altering the learning 
and spatial memory processes. 
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Abstract: Cadmium (Cd) is a heavy metal profusely distributed in the environment as a pollute 
from human industrial activities It is known to be potentially teratogenic even lethal during the 
development. Its teratogenic effects are mainly found in neural tube formation, renal, skeletal, 
heart and immune system. In mice there is evidence that a single dose of Cd administrate during 
the retinal ganglion cells (RGC) proliferative critical period induce the dead of RGC in the 
offspring. Intrinsically photosensitive Retinal Ganglion Cells (ipRGCs) are known to participate 
in the circadian synchronization, in rats the proliferative critical period of those cells has been 
found at E14. The aim of this study was to determine if the acute administration of Cd at E14 
produce postnatal alterations in the water intake circadian rhythm. We followed the early 
postnatal development markers, and performed a visual perception task at a juvenile postnatal 
age. We found not differences in synchronization when compared with controls, but an increase 
in the rhythm amplitude, and delay of 2 or 3 days in development markers, as well we found the 
acute Cd administration had an effect in the anxiety and stress behavioral markers in the open 
field of visual cliff task. Those results suggest the acute E14 Cd administration is enough to 
produce behavioral and physiological effects on those structures developing during that 
particular period. 
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Abstract: Smoking and nicotine use during pregnancy has been associated with several adverse 
effects of growth and perinatal development. Abortion, low weight at birth, delayed postnatal 
development and changes in cognitive performance are among those detrimental effects. 
Acetylcholine is one of the most important signalling brain developmental processes which can 
be interfered by nicotine interaction with nicotinic cholinergic receptors (nAChr). There is also 
evidence that nicotine itself can disturb sex hormones patterns in both female and male adults, as 
well as in offspring exposed to nicotine during pregnancy and lactation. Nicotine consumption 
may be affecting critical periods during which certain neural circuits are formed, resulting in 
modifications in behavioural sexual dimorphism. The aim of the present study was to evaluate 
the effect of perinatal nicotine administration on the daily rhythm of stress and anxiety-like 
response in the juvenile mice. BALB/c female mice were given perinatal nicotine diluted in 
water (6 mg/kg/day -Slotkin, 1995-). After offspring delivery, litters were weighted and 
developmental markers were taken in order to assess the model (Ajarem, 1998). Only female 
offspring between 30-40 days old was used in the behavioural tests. The marble burying task was 
used as a model to measure stress and anxiety-like behaviour, during six temporal windows for 
three consecutive days. Ten nicotine-exposed females and ten control females were used in each 
temporal window. Mice were held on 12:12 LD conditions, with access to water and food ad 
libitum. Nicotine offspring showed a 2 to 3 days delay regarding developmental markers such as 
whiskers, eye opening, mobility, etc. After the behavioural test results suggest that control 
female mice exhibit a bimodal stress and anxiety response daily rhythm, with the highest levels 
peaking at the light phase, and a low response level between them, in the middle of the light 
phase. On the other hand, perinatal exposure to nicotine appears to produce modifications to this 
daily rhythm, elevating stress response levels during the middle of the light phase. 
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activity. 
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Abstract: Cortical connectivity with the striatum (Str) involves parallel yet overlapping 
anatomical ‘loops’. Prefrontal (Pfc)-Str loops are implicated in goal directed learning processes 
and flexible attentional set-shifting. Here we examine changes in neural activity during set-
shifting via simultaneous recordings of multiple single neuronal activity and local field potentials 
in 7 rats from areas including dorsomedial and ventral Str and cingulate, prelimbic and 
infralimbic areas of Pfc. The rats switched between two different reward-response contingencies 
in an automated T-maze with return arms. First they performed a brightness discrimination task 
(VC) where the rewarded arm was cued by video displays behind the reward arms, varying 
pseudorandomly between trials. Upon reaching criterion they were challenged with a spatial 
orientation task (T, reward always on the animal's non-preferred side: left or right) while 
(inconsequential) visual cues were still present. Extradimensional task switches continued 
whenever criterion performance was reached. Note that the only cue indicating the current rule 
was the presence or absence of the liquid reward. Here we focus analyses on sessions where rats 
successively reached criterion in VC (called 'VC1'), then T, and then VC again (called 'VC2'). 
We analysed 469 Str and 231 Pfc neurons with a bootstrap Monte Carlo method to detect 
increases or decreases in firing rate among the criterion performance trial epochs: VC1, T and 
VC2. Activity in these three conditions was compared separately for each of 15 bins along the 
central arm of the maze. The sampling of subregions of Pfc or of Str showed no differences for 
the three epochs. About 20% of the neurons in both Str and Pfc showed location-specific activity 
level increases or decreases in pair-wise comparisons among VC1, T or VC2 epochs. 
Surprisingly, both in Str and Pfc the highest incidences of these activity shifts were for VC1 vs. 
VC2 comparisons. In Str, the numbers of cells with activity shifts were: 37 for VC1 vs T; 29 for 
T vs VC2 and 51 for VC1 vs VC2. In Pfc the numbers of responsive cells were: 11 for VC1 vs T; 
18 for T vs VC2 and 22 for VC1 vs VC2. The high incidence of VC1 vs VC2 activity shifts 
indicates that the firing rates of the neurons do not simply consistently code for a particular task 
but rather might be sensitive to other factors such as the history of recent behavioral challenges, 
possibly impacting on the level of motivation or fatigue of the animal. Furthermore the 
distribution of incidences of shifts for the three comparisons appears be different in Pfc vs Str. If 
confirmed this could reflect differences in executive and decisional processing in the two 
structures. 
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Abstract: The noradrenergic nucleus locus coeruleus (LC) plays a role in cognitive function, 
controlling vigilance states, orienting attention, modulating responses in sensory pathways and 
promoting long term memory consolidation. Recent fMRI studies in humans lend support to the 
hypothesis derived from rodent studies, that LC activation promotes rapid shifts in cortical 
attentional networks in response to a change in environmental contingencies. To further examine 
this hypothesis we designed a set-shift task in an automated T maze with video displays behind 
the reward arms and liquid rewards. Rats initially were required to learn a brightness 
discrimination task. Each trial was initiated by the rat when it left the start area and crossed a 
photocell that turned on the discriminanda. After criterion performance of 8 successive rewarded 
trials was reached, a spatial response-reward contingency was instated with brightness cues still 
present in the same pseudorandom sequence - the rat had to learn to ignore them and acquire the 
spatial rule for rewards. Well-trained rats underwent successive task shifts within a single 
session. The aim here was to determine the relevant task-related stimuli that elicited a response 
in the LC. After reaching criterion on the brightness discrimination, rats were anesthetized and 
implanted with a moveable microelectrode in LC, a tetrode in hippocampus and in the prelimbic 
area of prefrontal cortex. After recovery, rats were retrained to criterion on the brightness task, 
and then the response-reward contingency was switched to a non-preferred side turning task in 
the same session. Results indicate that LC neurons are engaged as the rat initiates the trial, with 
peak firing 500-200 ms before the onset of the visual cue. This activation occurred across all 
trials and contingency conditions and is reminiscent of previous reports that LC neurons respond 
preferentially to a preparatory stimulus in a formal conditioning protocol. However in this case, 
the preparatory stimulus would be internally generated. Other task-related LC responses 
observed consistently through different recording sessions include phasic activation just before 
crossing the reward arm photocell and almost total inhibition at reward consumption sites 



(inhibition both in rewarded and non-rewarded trials). After this inhibition, LC cells were again 
phasically activated in the return arm, from 1 s before until crossing a photocell triggering the 
extinction of the visual cue, which signaled the end of the trial. These task-related responses of 
LC neurons will instruct future experiments using optogenetically-elicited gain or loss of LC 
function to study its role in cognition. 
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Abstract: Excitatory transmission in the nucleus accumbens (NAc) mediates motivation for 
food. Infusion of insulin in the NAc increases motivation for food, but the mechanisms 
underlying this effect are poorly understood. Insulin decreases excitatory transmission in the 
cortex and ventral tegmental area and increases dopamine release in the NAc. Here, we 
determined the effects of insulin on excitatory transmission in the NAc core of non-obese and 
obese adult rats. Whole cell patch clamp recordings of evoked AMPAR mediated excitatory 
postsynaptic currents (eEPSCs) were made in NAc medium spiny neurons from rats fed lab 
chow (Lab Diet 5001) or 60% high-fat diet (Open Source Diets D12492; 8 wks). Bath 
application of insulin increased eEPSC amplitude at low concentrations (30 nM), but reduced 
eEPSC amplitude at higher concentrations (50, 100 or 500 nM). Because insulin has a high 
affinity for the insulin receptor (IR) and lower affinity for the insulin-like growth factor-1 
receptor (IGF-1R) we hypothesized that increases in eEPSC amplitude at 30 nM were due to 
activation of IRs, while decreases at higher concentrations were due to activation of IGF-1Rs. To 
test this, we included the insulin receptor inhibitor, HNMPA (300 µM), in the recording pipette 



or the IGF-1R antagonist, picropodophyllotoxin (PPP; 500 nM), in the bath before applying 
insulin. Consistent with our hypothesis, HNMPA blocked the ability of 30 nM insulin to increase 
eEPSC amplitude. In addition, when 100 nM insulin was applied in the presence of PPP, there 
was an increase in eEPSC amplitude. Together these data show that activation of IRs and IGF-
1Rs produce opposing effects on excitatory transmission, with IR activation increasing and IGF-
1R activation decreasing excitatory transmission. When recordings were made from obese rats, 
increases in excitatory transmission after 30 nM insulin were completely absent, while decreases 
after 100 nM insulin were comparable to those seen in chow fed controls. These data suggest that 
IR-mediated effects may be reduced after high-fat diet consumption, while IGF-1R-mediated 
effects remain intact. In addition, data from high-fat fed rats suggest that peripheral alterations 
induced by consumption of high-fat diet may significantly impact the ability of insulin to 
modulate neuronal function. In sum, our data show that in non-obese rats insulin bi-directionally 
influences excitatory transmission via dissociable actions on IRs and IGF-1Rs, and suggest that 
consumption of high-fat food selectively blocks IR-mediated increases in NAc excitatory 
transmission. These data shed light on potential mechanisms by which insulin may regulate 
motivational processes. 
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Abstract: Oxytocin is a hormone and neuromodulator that regulates central nervous system to 
control social behavior. Oxytocin neurons are primarily concentrated in two areas of the 
hypothalamus: paraventricular nucleus (PVN) and supraoptic nucleus (SON). Oxytocin neurons 
in the PVN, but not the SON, are responsible for the majority of central oxytocin projections. 
However, in addition to oxytocinergic neurons, the PVN contains many distinct 
neurotransmitter-expressing populations (e.g., vasopressin, corticotripin-releasing factor, etc). 
Here, relying on several Cre recombinase-expressing mouse lines, as well as 
immunohistochemical and in situ hybridization techniques, we profile the neuromodulatory 
populations of PVN, together with their fast neurotransmitter content (e.g., GABA), and begin to 
characterize the functional impact of neural activity with in specific PVN projections. 
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Abstract: The selective serotonin reuptake inhibitor (SSRI) fluoxetine is one of the most widely 
prescribed drugs for the treatment of depression and anxiety. SSRIs directly and immediately 
increase the amount of serotonin (5-HT) in the brain by blocking 5-HT transporters, yet little is 
known about how elevated 5-HT levels contribute to the delayed therapeutic efficacy of SSRIs, 
which develops slowly over several weeks. Here we demonstrate that chronic treatment with 
fluoxetine alters the physiological impact of 5-HT on pyramidal neurons in the rat prefrontal 
cortex (PFC). Unlike in the mouse PFC, where serotonergic responses are strictly segregated 
among callosal/commissural projection (COM) and corticopontine (CPn) neurons, serotonergic 
signaling in the rat PFC is more variable among projection neuron subtypes. Similar to the 
mouse, COM neurons in rat (94%; n = 49/52) exhibited excitatory responses to 5-HT via 



activation of 5-HT2A (2A) receptors, either alone (n = 32/52), or as part of biphasic responses 
involving an initial 5-HT1A (1A) receptor-mediated inhibition (n = 17/52). A few rat COM 
neurons (6%; n = 3/52) exhibited purely inhibitory responses to 5-HT. More surprisingly, 
whereas almost all CPn neurons in the mouse PFC are inhibited by 5-HT, most CPn neurons in 
the rat PFC exhibited 2A-dependent excitatory (68%; n = 40/59) or biphasic (3%; n = 2/59) 
responses. Only 19% (n = 11/59) of rat CPn neurons exhibited pure 1A-dependent inhibition. 
The proportions of CPn neurons excited by 5-HT did not differ with sex or across animal strains, 
including Long Evans, Kyoto/Wistar, and Sprague Dawley. Additionally, manipulations such as 
enriched environments, or housing in a different facility, did not affect 5-HT responsivity in rat 
CPn neurons. However, chronic treatment with the SSRI fluoxetine (7 mg/kg/day) for 21 days 
via a subcutaneous osmotic pump, shifted serotonergic responsiveness in rat CPn neurons, such 
that 5-HT inhibited the majority (56%; n = 44/79) of neurons, while only 38% (n = 30/79) of 
CPn neurons exhibited excitatory (n = 27) or biphasic (n = 3) responses (p < 0.01; Fisher’s Exact 
Test). The impact of chronic fluoxetine was selective for CPn neurons, as 5-HT responses in 
COM neurons remained qualitatively unchanged following fluoxetine-treatment, with 61% (n = 
36/59) excited, 34% (n = 20/59) biphasic, and 3% (n = 2/59) inhibited by 5-HT. Serum analyses 
confirmed that fluoxetine-treated animals had 9.4 ng/mL fluoxetine, a level significantly above 
that detected in vehicle-treated animals (1.4 ng/mL; p < 0.05; Student’s t-test). These data reveal 
a novel form of modulatory plasticity in rat PFC that may contribute to the delayed therapeutic 
action of SSRIs. 
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Abstract: The noradrenergic nucleus locus coeruleus (LC) is a critical node in the stress 
response and receives afferent input from a number of corticotrophin releasing factor (CRF) 
containing structures. Several in vivo and in vitro studies have shown that CRF robustly 
increases the firing rate of LC neurons in a dose-dependent manner. While it is known that these 
increases are dependent on CRF receptor subtype 1 and mediated by effects of the protein kinase 
A/cAMP intracellular signaling cascades on potassium conductance, the impact of CRF on 
synaptic transmission within LC has not been clarified. In the present study, we used whole-cell 
patch clamp electrophysiology in horizontal brainstem slices to assess how varying 
concentrations of bath-applied CRF affected AMPA-receptor dependent spontaneous EPSCs. 
Compared to vehicle, 10nM and 25nM CRF had no significant effects on any sEPSC parameters. 
50nM CRF, however, significantly increased sEPSC amplitude, width, and charge transfer, while 
amplitude and charge transfer were significantly decreased by 200nM CRF. While 100nM CRF 
did not affect the mean change as compared to vehicle, it did significantly increase the variability 
of the response, such that approximately half of the neurons exposed to this dose displayed 
increased sEPSC amplitudes, while the other half showed decreased amplitudes. These 
observations suggest that stress may differentially affect ongoing excitatory synaptic 
transmission in LC depending on how much CRF is released from presynaptic terminals. 
Specifically, mild or moderate stressors may potentiate excitatory synaptic transmission, thereby 
increasing phasic LC responses to salient stimuli, whereas intense stressors might dampen these 
responses. Combined with the well-documented effects of CRF on membrane properties and 
spontaneous LC discharge, these observations may help explain how stress and CRF release are 
able to simultaneously increase tonic LC discharge and decrease sensory-driven phasic 
discharges. These findings have implications for how stress affects the fidelity of signal 
transmission and information flow through LC and how norepinephrine release in cognitive, 
sensory, and motor circuitries and ensuing behaviors might be impacted. 
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Title: Pharmacological inhibition of diacylglycerol lipase α, but not diacylglycerol lipase β, 
blocks endocannabinoid-mediated retrograde synaptic depression 
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Abstract: The endocannabinoid 2-arachidonoylglycerol (2-AG) mediates multiple forms of 
retrograde synaptic depression including depolarization-induced suppression of excitation 
(DSE), inhibition (DSI) and synaptically evoked suppression of excitation (SSE) induced by 
activation of group I metabotropic glutamate receptors (mGluRs). Diacylglycerol lipases 
(DAGLα and DAGLβ) are biosynthetic enzymes for 2-AG. However, previously known DAGL 
inhibitors cannot distinguish between DAGLα and DAGLβ, and conflicting results have been 
reported regarding whether DAGL inhibitors block DSE and DSI. Here, using the recently-
developed selective DAGLβ inhibitor KT109 and dual DAGLα/β inhibitors DO34 and DH376, 
we investigated the effects of acute, selective pharmacological inhibition of DAGLα and DAGLβ 
on DSE, DSI and SSE in Purkinje cells in mouse cerebellar slices. We report that dual DAGLα/β 
inhibitors DO34 and DH376 blocked DSE, DSI and SSE in Purkinje cells of the cerebellum, 
whereas selective DAGLβ inhibitor KT109 did not have significant effects. This 
pharmacological profile could also be extended to DSI in CA1 pyramidal neurons in the 
hippocampus and medium spiny neurons in the dorsal striatum. Taken together, these results 
provide pharmacological evidence that 2-AG synthesized by DAGLα, but not DAGLβ, is 
required for endocannabinoid-mediated retrograde synaptic depression. 
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Abstract: Stressful events early in life can increase the risk to develop psychiatric disorders. In 
several models for early life stress (ELS) in rodents, it was shown that hippocampal learning 
tasks during adulthood were impaired. In these ELS animals also long term potentiation (LTP) in 
slices of the hippocampus was affected. Recent studies indicate that the functionality of the 
corticosteroid receptors may be important for the risk to develop ELS related disorders. Here we 
studied which of the two corticosteroid receptors, the glucocorticoid (GR) or mineralocorticoid 
receptor (MR), could be responsible for changes in the glutamatergic transmission, induced by 
ELS in rodents. In 3 months’ old rats which were maternally deprived for 24 hours at postnatal 
day (PND) 3, we recorded in vitro miniature excitatory postsynaptic currents (mEPSCs) in 
hippocampal CA1 neurons. ELS dramatically decreased the frequency of the mEPSCs , by 
almost 70% . The amplitude of the mEPSCs was not affected. To study the role of the GRs, we 
treated rats with Mifepristone for three days at PND 26-28. The treatment with this GR 
antagonist completely rescued the effect of ELS, measured in the adult rats. To study the role of 
the MRs after ELS, we used mice with an overexpression of the MR (MRtg). In these 
experiments we induced ELS in MRtg and control mice with the limited bedding/nesting model. 
With this ELS model we also detected a reduction in the mEPSC frequency in the hippocampus 
(dentate gyrus) in control mice. In the MRtg mice, however, ELS did not affect the mEPSC 
frequency anymore. In none of the tested animals, the amplitude of the mEPSCs was affected. 
We conclude that when the GRs are suppressed or the MRs are brought to overexpression, the 
effect of ELS on hippocampal glutamatergic transmission is reduced. These results indicate that 
the balance between GR and MR may predict vulnerability to stress. 
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Title: Uncovering the effects of agonism at postsynaptic α2A-adrenergic receptors on neuronal 
activity within the bed nucleus of the stria terminalis 
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Abstract: Stress is a major risk factor for relapse to drug-seeking behavior. The bed nucleus of 
the stria terminalis (BNST) receives an extensive noradrenergic input and has been shown to be 
critical in stress-induced reinstatement of drug-seeking behavior. In rodents, systemic or intra-
BNST treatment with α2-adrenergic receptor agonists decreases stress-induced reinstatement 
behaviors. Clinical studies report that guanfacine, an α2A-AR agonist, curbs cravings for a variety 
of substances of abuse. We have previously shown that α2A-ARs are heavily expressed in the 
BNST, and that noradrenergic signaling in the region is dramatically altered in α2A-AR knockout 
mice. Data suggests that competing inhibitory and excitatory actions of this drug in the BNST 
could reflect carefully coordinated control of BNST activity. Our lab has shown inhibitory 
effects of guanfacine in the BNST on electrically evoked EPSCs and optically evoked EPSCs 
derived from parabrachial nucleus (PBN) afferents, consistent with canonical presynaptic Gi 
signaling. In contrast, in a Thy1-COP4 transgenic mouse line, bath application of guanfacine 
enhances optically evoked field potentials. In addition, systemic guanfacine is known to initiate 
c-fos expression in BNST neurons. These findings led us to pursue mechanistic studies of this 
effect. Using RNAscope in situ hybridization, we show that systemic guanfacine leads to 
expression of cfos transcripts in 90% of cells that express adra2a (α2A-AR) mRNA, as compared 
to 10% of cells after saline. Interestingly, ~50% of cells that express cfos do not co-express 
adra2a mRNA, suggesting potential involvement of an underlying BNST microcircuit in this 
effect. We hypothesized that this novel excitatory effect occurs via activation of postsynaptic 
α2A-ARs leading to decreased cAMP-dependent opening of hyperpolarization-activated cyclic 
nucleotide-gated nonselective cation (HCN) channels. This hypothesis is based on our 
observations that ~80% in cfos+ cells after systemic guanfacine in a cfos-eGFP mouse line 
exhibited a hyperpolarization-dependent sag consistent with Ih, as well as enhanced excitatory 
field potential responses in Thy1-COP4 BNST slices after HCN inhibition by ZD7288. However, 
RNAscope experiments show little co-localization of adra2a and hcn1 mRNA, suggesting either 
hcn2 involvement or independent mechanisms of activity enhancement. In addition, whole cell 
recordings show that guanfacine preincubation does not affect the amplitude of Ih in cfos+ BNST 
neurons after systemic guanfacine. Future studies will test the involvement of HCN2 channels 
and other candidates in guanfacine enhancement of BNST activity. 
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Abstract: Neuronal excitability and synaptic function depend on neuromodulators, and different 
modulators shape neural circuit activity into different patterns. However, circuits are likely under 
control of more than one modulator at all times. Therefore, understanding co-modulation is 
important for the study of circuit dynamics. Modulators can converge onto the same subcellular 
targets in a neuron, or affect different targets. In the case of true convergence, i.e. different 
modulator receptors sharing the same signaling pathway and subcellular target, the effects of two 
modulators should be simply additive until they occlude each other. In all other cases, 
interactions between two modulators can be complex and highly nonlinear. In the pyloric circuit 
of the crab stomatogastric ganglion (STG), several neuropeptides are converging onto the same 
voltage-gated current, occluding each other’s effects. Different effects on circuit activity are 
attributed to the fact that each circuit neuron only responds to a subset of these peptides, i.e. each 
peptide activates a different subset of neurons. In addition, concentration-dependence and 
magnitude of the effect can be different between two neuropeptides. More recently, it has been 
shown that some peptides can also affect synapses. If both synaptic partners express receptors to 
the same peptide, the effects can potentially be mediated through both presynaptic and 
postsynaptic mechanisms. We studied the effect of proctolin and crustacean cardioactive peptide 
(CCAP) on the synaptic connections between the pyloric dilator (PD) and lateral pyloric (LP) 
neurons in the STG. Both PD and LP express receptors to proctolin, but only LP expresses 
receptors to CCAP. The effects of proctolin and CCAP on the voltage-gated current in LP are 
consistent with convergence and occlusion. However, the effects on synapses are more complex. 
PD and LP make reciprocal graded inhibitory connections, and we show that both synapses are 
strengthened by each neuromodulator, albeit in different fashion. At the PD to LP synapse, 
CCAP enhances the synaptic current amplitude while proctolin modulates its dependence on 
presynaptic voltage. At the LP to PD synapse, either modulator increases the amplitude of the 
synaptic current and changes dependence on presynaptic voltage. At both synapses, sequential 



application shows that CCAP completely occludes the effect of proctolin. In contrast, CCAP 
application additionally increases synaptic current after application of proctolin. These results 
suggest that co-modulation of synaptic effects is more complex than simple convergence, with 
potential consequences for circuit modulation. 
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Abstract: Leptin plays an essential role in metabolic homeostasis, by signaling to the brain the 
level of long-term energy stores (i.e., white adipose tissue depots). Strikingly, abundant 
expression of ObRb - the functional isoform of the leptin receptor - can be detected also in the 
hippocampus, a structure not primarily involved in metabolic homeostasis, but central to learning 
and memory processes. Indeed, leptin has been shown to modulate hippocampal synaptic 
transmission and plasticity. Moreover, at the behavioral level, leptin is able to affect performance 
in hippocampus-dependent tasks. Taken together, these effects have led to postulating a 
neurotrophin-like role for leptin. 
Since it is becoming increasingly clear that altered diet composition affects brain functioning, we 
asked whether a high-fat diet since weaning can lead in adulthood to altered response to the 
action of leptin on the hippocampus. 
We first performed patch-clamp recordings on brain slices comprising the CA3 to CA1 circuit 
obtained from adult (age 3-4 months) mice fed a high-fat diet (HFD group) or a standard diet 
(SD group). We found that, in SD mice, bath application of leptin (50 nM) increased the 
frequency of spontaneous excitatory postsynaptic currents (sEPSCs), and that this effect was lost 
in HFD mice (SD = 144.25 ± 21.45%, HFD 98.44 ± 4.52% of baseline value; ANOVA-1, p = 
0.003). Analysis of glutamatergic, AMPA receptor-mediated evoked currents revealed that leptin 



increased amplitude in SD mice, whereas no significant difference was observed in HFD mice 
(SD = 166.11 ± 13.03%, HFD = 102.81 ± 9.85% of baseline value, ANOVA-1, p < 0.001). 
Moreover, a similar effect was observed on paired-pulse facilitation, which we evaluated over a 
wide range of inter-stimulus intervals: 200 ms (SD = 117.20 ± 6.58%, HFD = 104.37 ± 8.15%), 
100 ms (SD = 114.19 ± 5.54%, HFD = 100.56 ± 4.42%), 50 ms (SD = 131.47 ± 9.46%, HFD = 
99.88 ± 8.59%), 20 ms (SD = 136.10 ± 11.64%, HFD = 101.03 ± 7.19%; % of baseline values, 
ANOVA-3, p < 0.001). 
In search of a molecular correlate of these functional phenomena, we checked the integrity of the 
STAT3 cascade, a key transducer of leptin action on neurons. In line with electrophysiological 
data, intraperitoneal injection of leptin (3 mg/kg) caused strong phosphorylation of STAT3 in SD 
mice, a response that was significantly blunted in HFD mice (SD = 382.77 ± 37.05%, HFD = 
208.19 ± 49.32% of baseline value, ANOVA-2, p = 0.003). 
These results indicate the development of hippocampal leptin resistance in mice fed a high-fat 
diet, and highlight the general role of this hormone in modulating neuronal activity well beyond 
areas involved in metabolic homeostasis. 
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Abstract: The kynurenine pathway is a major route of tryptophan metabolism, and this pathway 
may be disturbed in several psychiatric and neurodegenerative disorders (Schwarcz et al 2012). 
3-Hydroxy-kynurenine (3HK), a molecule arising from tryptophan, is a precursor for several 
kynurenines, including xanthurenic acid (XA). Interestingly, XA serum levels are reduced in 
patients with schizophrenia (Fazio et al 2015). We have previously shown that both 3HK and 
XA can reduce hippocampal synaptic transmission, and it is probable that some of the effect of 
3HK is attributable to the conversion of 3HK to XA (Neale et al 2013; Ngomba et al 2015). 



Gamma oscillations are thought to be an important biomarker of cognitive functions. We have 
thus investigated the actions of 3HK and XA on hippocampal gamma oscillations in an effort to 
shed light on the role of these kynurenines in cognitive disorders. 
Horizontal in vitro slice preparations were made from the brains of adult male Sprague-Dawley 
rats. Extracellular field recordings were made from the CA3 area of the hippocampus in an 
interface bath at ~33C. Addition of carbachol (5µM) to the bathing medium resulted in the 
generation of stable gamma oscillations with peak power in the 32-42Hz region. Further addition 
of XA (0.3-3mM) resulted in a reversible concentration-dependent reduction of the gamma 
power by up to 91±3% (3mM). Addition of 3HK (1mM) also reduced the gamma power (by 
61±9%) whereas 1mM XA reduced the gamma power by only 29±4%. There did not appear to 
be any significant change in the frequency of the gamma power peak under these conditions. 
In summary, we have shown that 3HK, the direct metabolic precursor of XA, has similar effects 
to XA in reducing the power of gamma oscillations in the hippocampus. This finding is 
consistent with the idea that changes in 3HK levels could drive XA levels and thus produce 
effects on neuronal circuit function, although it does not exclude the possibility that 3HK has 
direct effects. This may be important in our understanding of how malfunction of the kynurenine 
pathway can cause changes in circuit function that may be related to pathological changes in 
cognitive processes. 
Fazio F, et al (2015). Scientific Reports 5, 17799. 
Neale SA, et al (2013). Neuropsychopharmacology 38, 1060-1067. 
Ngomba RT, et al (2015). Society for Neuroscience Abstracts, 571.509. 
Schwarcz R, et al (2012). Nat Rev Neurosci 13, 465-477. 
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Abstract: Social stress potentially undermines well-being in humans as well as in many 
mammalian species. The biological correlates of social stress are not yet completely understood. 
Recent investigation has underscored the importance of pro-inflammatory cytokines, particularly 
interleukin-6 (IL-6), as mediators of the effects of stress in the central nervous system (CNS). 
We considered the possibility that social stress triggers synaptic changes in stress-vulnerable 
CNS regions in an IL-6-dependent fashion. To test this hypothesis we used GFAP-sgp130Fc 
(transgenic, TG) mice, a murine model in which IL-6 trans-signaling -a critical mechanism of 
action IL-6 in the CNS - was blocked. As a model of social stress we determined the effects of 
Social Defeat Stress protocol (SDS) on wild type (WT, C57BL/6) or TG animals. SDS animals 
were submitted to a 10-day stress protocol consisting in a 15 min-long sessions in which they 
were put in contact with a CD1 white mouse, whose aggressive behavior had been determined in 
previous separate tests. At the end of the protocol we evaluated whether or not experimental 
animals responded to stress, by comparing the time spent in an area in the proximity of the CD1 
mouse vs. the time spent in the same area in the absence of the CD1 mouse. Preliminary 
experiments showed that while WT stressed animals - as expected - spend considerably less time 
in the CD1-interaction area, compared to non-stressed animals. Stressed TG animals fail to 
substantially decrease the time spent in the CD1-interaction area, suggesting that TG mice 
respond to stress differently from WT mice. We further studied synaptic function of the same 
animals in their prefrontal cortex, a CNS area that has been shown to be particularly vulnerable 
to social stress. The synaptic parameters studied were the ratio between α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid-receptor (AMPAR)-, the γ-amino butyric acid type A 
(GABAAR)-, and the N-methyl-D aspartate-(NMDAR)-mediated component of electrically 
evoked synaptic currents from visually identified neurons in cortical layer 5 medial prefrontal 
cortex. Our results showed that SDS decreases the ratio IAMPA/IGABA (0.57 ± 0.11 in non-stressed 
vs. 0.32 ± 0.02, unpaired Student t-test, d.o.f. = 15) in WT mice but not in TG mice (0.60 ± 0.09 
in non-stressed vs. 0.56 ± 0.12, d.o.f. = 18). On the contrary, the ratio between IAMPA/INMDA 
remained unchanged regardless of group (WT vs. TG) or treatment (non-stressed vs. stressed). 
These data suggest that at least part of the behavioral and central effects of social stress are 
mediated by IL-6 -dependent central trans-signaling. 
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Abstract: Ketamine (KET), a non-competitive N-methyl-D-aspartate receptor (NMDAR) 
antagonist is commonly used as a pediatric anesthetic. However, several experimental studies 
have indicated its involvement in inducing widespread neurotoxicity in the neonatal brain, 
subsequently leading to long-lasting cognitive and memory deficits that persist into adulthood. 
Previous studies from our group demonstrated that bumetanide – an Na+-K+-2Cl- cotransporter 
(NKCC1) antagonist – has the ability to reduce these KET-induced deficits. However, 
bumetanide does not cross the blood-brain barrier (BBB) efficiently upon systemic injection. 
Therefore, in this study, we used a derivative form of bumetanide, known as pro-bumetanide 
(PBUM) which crosses the BBB more efficiently upon systemic administration. In order to 
investigate the potential neuroprotective effects of PBUM, we co-administered PBUM at varying 
doses with ketamine or vehicle (VEH). Male and female rat pups, at postnatal day 9, were 
randomly assigned to the following drug-treatment groups: 6 mg/kg PBUM (6-PBUM)+KET, 12 
mg/kg PBUM (12-PBUM)+KET, 18 mg/kg PBUM (18-PBUM )+KET, VEH+KET, and 
VEH+VEH. About four weeks following drug administration, all groups were tested for spatial 
learning and memory abilities using the Morris Water Maze (MWM) and Object Location 
Memory (OLM) task. Consistent with our previous results, the ketamine-only group 
(VEH+KET) exhibited an increase in time to perform these tests, indicting deficiencies in spatial 
learning and memory as compared to the control (VEH+VEH). In contrast, the co-treatment 
groups (n-PBUM+KET) exhibited behavior similar to the control, and outperformed the 
VEH+KET group, providing evidence that PBUM does demonstrate lasting neuroprotection 
upon systemic co-administration with ketamine at neonatal ages. This was further corroborated 
by the OLM results. The n-PBUM+KET groups spent more time in the zone in which the 
object’s location was changed (similar to the VEH+VEH group) while the VEH+KET group 
spent relatively equal amounts of time in both zones. This indicates that while the n-



PBUM+KET and VEH+VEH groups identified the novel position of the object, the VEH+KET 
group could not. In conclusion, this study provided evidence that PBUM was effective in 
preventing cognitive and memory deficits induced by neonatal administration of ketamine. To 
the best of our knowledge no other research has been performed using a ketamine model to test 
forms of pro-bumetanide. Thus, these results set precedence for the need to further investigate 
the potential therapeutic effects of bumetanide derivatives and their underlying biomolecular 
mechanisms involved. 
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Abstract: Glucocorticoids, released during arousing experiences, enhance the consolidation of 
memory processing. Recent findings indicated that glucocorticoids interact with the 
endocannabinoid system of the hippocampus or the amygdala in modulating memory 
consolidation. Previously, we have shown that corticosterone administration into the dorsal 
striatum also enhances memory of inhibitory avoidance training. In the striatum, the cannabinoid 



receptor type 1 (CB1R) is highly expressed but it remains unknown if endocannabinoids 
cooperate with glucocorticoids to enhance striatal-dependent memory. Our objective was to 
evaluate if there is a striatal glucocorticoid-endocannabinoid interaction that modulates memory 
consolidation of an aversive experience. Male Wistar rats, with bilateral cannulae in the 
anterodorsal striatum, were trained on an inhibitory avoidance task and had a retention test 48 h 
later. We found that the CB1R antagonist AM251 (0.28 or 0.56 ng/µl) administered into the 
striatum immediately after the inhibitory avoidance training impaired memory consolidation. In 
contrast, the CB1R agonist WIN55-212 (50 or 100 ng/µl) enhanced memory consolidation, and 
this effect was blocked by systemic administration of the corticosterone-synthesis inhibitor 
metyrapone (50 mg/kg, ip) given 90 min before training. Additionally, a low dose of AM251 
(0.28 ng/µl) administered immediately posttraining blocked the memory-enhancing effect of 
posttraining corticosterone administered systemically (3 mg/kg, ip) or of corticosterone (20 
ng/0.5 µl) infused directly into the dorsal striatum. Our findings provide evidence on the broad 
interaction of endocannabinoids with glucocorticoids that modulate memory, now assessed in the 
striatum; suggesting that the endocannabinoid system is recruited by glucocorticoids to enhance 
memory consolidation of an emotional aversive training experience. We thank the excellent 
technical support from Cristina Medina, Martín García, Leonor Casanova, and Lourdes Lara. 
Work supported by PAPIITDGAPA, UNAM IN202414, and CONACYT (Grant and Scholarship 
371741 to C.S.P). 
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Abstract: Acute stress induced before spatial training impairs long-term memory and it is 
related to decreased dendritic spine density, diminished kinase activity, and reduced expression 
neural cell adhesion molecule (NCAM), brain-derived neurotrophic factor (BDNF), and activity-
regulated cytoskeleton-associated protein (Arc) in the hippocampus. Epigenetic mechanisms 
involved in such effect has not been yet study; but, since spatial training and intense stress have 
opposite effects on histone acetylation balance, it is conceivable that disruption of such balance 
may underlie acute stress-induced spatial memory consolidation impairment. In this study, we 
tested the effectivity of the histone deacetylase inhibitor Trichostatin A (TSA) to prevent the 
deleterious effect of acute restrain stress on long-term spatial memory in adult male Wistar rats. 
We found that animals stressed before training in the Barnes maze showed impaired long-term 
memory, in association with increased plasma corticosterone levels, and decreased histone H3 
acetylation levels in the dentate gyrus of the hippocampus and the prelimbic cortex, as compared 
to non-stressed animals. Remarkably, these effects were prevented by intraperitoneal 
administration of TSA (1mg/kg) immediately after the spatial training. The aforementioned 
results are consistent with reports showing that histone deacetylases inhibition can prevent stress-
induced anxiety, somatic hypersensitivity, and visceral pain, and supports the hypothesis that 
deleterious effects of stress on memory involve altered histone acetylation balance. 
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Abstract: The endocannabinoid 2-arachidonoyl-sn-glycerol (2-AG) modulates synaptic function 
at many loci throughout the brain with effects generally mediating a dampening of transmission. 
There is good evidence that 2-AG is produced, on demand in dendritic spines by metabotropic 
glutamate receptor (mGluR)-mediated activation of the synthetic enzyme diacylglycerol lipase-α 
(DGL) and acts upon presynaptic CB1 receptors to depress release. The present studies re-
evaluated endocannabinoid actions at lateral perforant path (LPP) innervation the dentate gyrus 
and identified a novel form of 2-AG-dependent signaling that mediates an enduring enhancement 
of transmission that entails increases in neurotransmitter release. In studies of hippocampal slices 
from rats and mice, we found that high frequency stimulation of the LPP induces long term 
potentiation (LTP) that is blocked by CB1 receptor antagonism and absent in CB1 knockouts; the 
same manipulations had no effect on the magnitude of LTP in the adjacent medial perforant path 
or in field CA1. Results indicate that 2-AG mediates the endocannabinoid-dependent LTP 
(ecLTP) in the LPP: It is blocked by DGL inhibition but enhanced by antagonism of 2-AG 
degradation whereas manipulation of anadamide degradation had no effect. Mechanisms of 
ecLTP include activities in both pre- and postsynaptic compartments. Induction relies upon 
mGluR and NMDA receptors, and changes in postsynaptic calcium, whereas expression entails a 
depression of paired pulse facilitation indicating increased neurotransmitter release. Evidence for 
ecLTP in the LPP suggests that memory encoding that relies upon this system is also 
endocannabinoid, and 2-AG, dependent. We tested this using an odor discrimination task known 
to rely upon the lateral entorhinal to dentate projection. In rats, odor discrimination learning was 
impaired by CB1 antagonism but facilitated by treatments that increase 2-AG content. Together 
these results demonstrate that the encoding of information carried by a principal hippocampal 
afferent involves a novel, endocannabinoid-dependent form of synaptic plasticity. 
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Abstract: The neurotransmitter serotonin (5-HT) is involved in the modulation of cognitive 
functions. The precise mechanism of action of the 5-HT system in the facilitation of cognitive 
functions has not been clearly identified. However, compounds such as tropisetron that act as an 
antagonist at the 5-HT3 receptor enhance cognition. Similarly in female rodents, priming with 
estrogen and/or progesterone enhances cognition in several behavioral models including the 
object recognition task. The object recognition task is a model of cognition in rodents in which 
the natural tendency of rats to explore novel aspects of the environment is utilized. Rats spend 
more time exploring the novel object, suggesting that rats recognize previously explored objects. 
Earlier we reported that the 5-HT3 receptor antagonist, tropisetron, enhances object recognition 
in regularly cycling intact female rats. Interestingly, both estrogen and progesterone also 
modulate the functioning of 5-HT3 receptors by acting as antagonists at this receptor. Since 
estrogen, progesterone and tropisetron all act as antagonists at the 5-HT3 receptor, we 
hypothesized that the cognitive enhancing effects of tropisetron would be further accentuated in 
ovariectomized female rats primed with either estrogen or progesterone. 
Contrary to expectation, we did not find a synergistic effect between estrogen and tropisetron in 
the object exploration task. Our preliminary data however, show that progesterone and 
tropisetron may act synergistically to enhance cognition. Since we looked at a single dose of 
progesterone and tropisetron, we are currently evaluating multiple doses of progesterone and 
tropisetron in ovariectomized Sprague-Dawley female rats using the object recognition task as a 
model of cognition. Findings from this study will help us further understand the interaction 
between the serotonergic system and female hormones in the modulation of cognition. 
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Abstract: Rats treated with (+)-methamphetamine (MA) during neonatal development 
(equivalent to third trimester brain development in humans) results in deficits in allocentric 
learning and memory (L&M) in the Morris water maze (MWM), egocentric learning in the 
Cincinnati water maze (CWM), working and reference memory impairments in the radial water 
maze, and in contextual fear conditioning. These L&M deficits are substantial, stable, and larger 
than in adult animals (Vorhees et al., 2007). However, it remains to be elucidated what 
mechanisms mediate the developmental MA-induced cognitive deficits in the absence of 
dopamine-related effects that are found in adult rodents after MA exposure. Neonatal MA-
exposed rats also exhibit exaggerated hyperactivity in response to the D1 agonist SKF-82958, 
reduced hyperactivity to the NMDA antagonist MK-801, and mild under-response to D2 
autoreceptor agonist, quinpirole, but no changes in response to serotonergic agonists. Because 
prenatal exposure to MA increases reactive oxygen species (ROS) in adult rats, we tested the 
involvement of ROS after neonatal MA exposure in two ways: by measuring F2 isoprostanes (F2-
IsoPs) and by pretreatment with the spin trapping agent alpha-phenyl-N-tert-butyl nitrone (PBN) 
prior to each dose of MA. There was no change in F2-IsoPs in striatum or hippocampus after the 
first dose on P6 or last dose on P15. Nor did PBN attenuate MA-induced L&M deficits. We 
investigated striatal D1 receptors using micro PET/CT imaging and the D1 ligand, TISCH, after 
treated rats were adults. We found no effects of treatment. We also examined brain oxygen 



activity using 2-fluoro-2-deoxyglucose (FDG) and found no change after challenge with the D1 
agonist SKF-82958. In sum, third trimester-equivalent MA exposure (P11-20 or P6-15) in rats 
leads to long lasting L&M impairments and changes in dopaminergic and glutamatergic receptor 
function, but not in ROS production, or changes in D1 receptor binding or metabolic activity. 
Hence, the exact mechanism of MA-induced developmental effects remains to be elucidated. 
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Abstract: Earlier, our lab has reported that ethanol treatment in pre-pubertal adolescent male and 
female rats causes hippocampus-associated memory deficit. Whether ethanol affects 
hippocampus related memory function in post-pubertal rats is not known. In this study, we 
investigated the effects of ethanol on hippocampus-associated and amygdala-related cognitive 
functioning in post-pubertal adolescent male and female rats. Post-pubertal rats were 
administered a single injection of ethanol (2 g/kg) intraperitoneally or equivalent volumes of 
deionized water. Some female rats were ovariectomized and given hormonal supplementation 
(estrogen and/or progesterone). Additional controls included sham-operated vehicle-treated 
animals. All rats were trained in the fear conditioning paradigm. Twenty-four hours later, all 
experimental animals were tested for: (i) contextual fear conditioning in the same training 
chamber, and (ii) cued fear memory in a modified test chamber. For each rat, freezing during 
contextual and cued fear conditioning tasks were recorded. Acute ethanol-treatment in intact 
post-pubertal female rats showed significant disruptions in hippocampus-related contextual 
memory but not amygdala-associated cued fear memory.  Post-pubertal male rats did not show 
any ethanol-induced memory deficit. There was significant effect of estrous cyclicity on ethanol-
induced behavior in intact female rats. Exogenously administered estrogen with or without 



progesterone altered the sensitivity of ethanol-induced memory impairment in ovariectomized 
post-pubertal female rats. Together, these data suggest that female gonadal hormones play an 
important role in modulating ethanol-induced memory impairment in post-pubertal animals.  
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Abstract: There are now more than 10 million cancer survivors in the United States. With these 
numbers, chronic sequelae that result from cancer therapy have become a major health care 
problem. Although radiation therapy of the brain has improved cancer cure rates, learning 
disorders and memory deficits are a common consequence of this therapy. As exposure to 
ionizing radiation results in enhanced depressive- and anxiety-like behaviors and memory 
dysfunction, it is believed that the inhibition of hippocampal neurogenesis represents an 
underlying mechanism. Here, we investigated the effects of the cannabinoid receptor antagonist 
AM251 on radiation-induced cognitive decrements and reduced neurogenesis 1 and 3 months 
following exposure. To validate the functional significance of CB1 receptor blockade, 6 month 
old mice were first subjected to head only irradiation (9 Gy) then given 4 consecutive daily doses 
of AM251 (1 mg/kg) every month for 3 months. Learning and memory was assessed by novel 
object recognition (NOR) and Object in Place (OiP) memory tasks, while the Elevated Plus 
Maze Test (EPM) was used to quantify anxiety-like behavior. Preliminary studies have indicated 
a potential neurocognitive benefit of AM251 treatment in irradiated mice. Interestingly, 
quantification of BrdU+ cells and the number of doublecortin (DCX) positive newly born 
neurons in the subgranular zone-granule cell layer has revealed that AM251 enhances 
neurogenesis and cell proliferation compared to the control group (p<0.05). Our findings suggest 
that certain radiation-induced sequelae can be reduced by AM251 treatment, possibly through a 
mechanism involving enhanced neurogenesis. 
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Abstract: Environmental interventions that affect rate of aging and life span tend to have a 
greater effect in one sex than the other. Whereas studies have been done on the effects of sex 
differences in many neurological diseases, e.g., Alzheimer’s disease and autism, the role that 
gender plays in metabolic diseases is much less clear. Ghrelin (a gut hormone), via hypothalamic 
circuits, is involved in hunger and meal initiation causing perceived negative energy balance 
even in eucaloric conditions. Interoceptive cues caused by ghrelin are likely similar to those 
produced by caloric restriction. In previous studies we have shown that long term treatment with 
ghrelin agonist improves cognition and glucose handling in aging male mice. In the current study 
we tested the hypothesis that ghrelin agonist treatment in female mice will have more 
pronounced positive effects on metabolism and cognition than in male mice. Female C57BL/6J 
mice at two months of age were randomly assigned into 4 groups (n=20/group) on the basis of 
weight matching. One group (control) received ad libitum access to food while the other group 
(ghrelin) received the same amount of diet consumed by the control group and 30 mg/kg of 
synthetic ghrelin agonist (LY444771) daily, the third and fourth groups underwent ovariectomy 
(OVX control and OVX-ghrelin). Food consumption and body weights were measured weekly. 
At 10 months of age an oral glucose tolerance test was performed. At 12 months of age all 



groups were submitted to a battery of cognitive and behavioral tests, followed by an imaging 
procedure (QMR) and indirect calorimetry. Biochemistry and immunohistochemistry analysis 
were carried out to assess the changes in brain tissue and plasma. Ghrelin agonist treatment 
improved glucose tolerance in both ghrelin agonist treatment groups to compare with the control 
groups. There was significant (p<0.0001) increase in energy efficiency in ghrelin treated 
animals. Cognition was improved (p<0.04) in OVX ghrelin treated group to compare with OVX 
control, but did not significantly influence the cognitive outcome of 12 month old intact mice. 
Insulin signaling was improved in hippocampus and inflammation was attenuated in white matter 
and hypothalamus in ghrelin agonist treated mice. In conclusion, to compare with male mice, 
long term ghrelin agonist treatment in female mice significantly increased energy efficiency in 
intact and OVX and improved cognition in middle age OVX mice. 
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Abstract: The ability to learn from experience and to store memories is fundamental to life. 
Losing these abilities, as in Alzheimer’s disease, is devastating. To implement the required 
structural synaptic re-organizations needed to permanently embed novel memories in the brain, a 
complex and precisely organized molecular machinery consisting of plasticity-enhancing and 
plasticity-inhibiting systems needs to be activated. We previously discovered that increased 
neural activity is linked to rapid down-regulation of Nogo receptor 1 (NgR1). To test if such 
regulation is important for the formation of lasting memories, we generated MemoFlex mice, 
with inducible overexpression of NgR1 in forebrain neurons. While these mice have normal LTP 
and, under undemanding circumstances, normal 24 hr memory, formation of lasting memories is 
severely impaired. However, when transgenic NgR1 expression is turned off in these mice (by 
doxycycline), the ability to form lasting memories is restored. We also found that the presumed 
structural synaptic reorganization needed to form permanent engrams occurs during the first 
week after experiencing a memory-causing event. The aim of this study is to further investigate 
how Nogo-signaling affects neurotransmitter release. Because dopamine signaling has been 
implicated in regulating plasticity and memory, we used electrochemical measurements with 
amperometry to allow in vivo quantification of dopamine with a very high temporal and spatial 
resolution in NgR1 overexpressing mice. Initial results revealed severe impairment of KCl-
induced dopamine release in dorsal striatum in overexpressing, compared to littermate controls. 
Ongoing work focuses on the mechanisms behind this effect. We will determine if turning off the 
NgR1 transgene might result in normalization of DA kinetics and if DA release kinetics are 
altered in mice lacking NgR1. 
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Abstract: Aging is often associated with a decline in hippocampus-dependent learning and 
memory. Numerous studies have investigated the neurobiological mechanisms that underlie 
aging-related learning and memory impairments. Previous research has shown that within the 
CA1 region of the hippocampus, a decrease in intrinsic excitability within pyramidal neurons 
underlies learning deficits within aged animals. The current project focuses on determining 
whether intrinsic excitability within the principal neurons of the entorhinal cortex also decreases 
with age and whether these changes may also contribute to age-associated learning deficits 
observed. The entorhinal cortex relays information from cortical regions to the hippocampus and 
is highly susceptible to aging-related changes. Specifically, the lateral portion of the entorhinal 
cortex (LEC) been suggested to support hippocampus-dependent temporal associative learning. 
Therefore, whole cell current clamp recordings were performed on the principal neurons of layer 
II/III of the LEC from young adult (3-6 month old) and aged (29-32 month old) F1 F344xBN 
hybrid rats. Within layer II, these are the fan cells and within layer III, the recordings were made 
from pyramidal neurons. Measures of intrinsic excitability include accommodation and postburst 
afterhyperpolarization (AHP). Our preliminary results indicate that fan and pyramidal neurons 
from aged animals are less excitable relative to their younger counterparts. This decrease in 
excitability manifests as an increase in accommodation and an increase in the postburst AHP. 
The results are similar to previous data from the CA1 region of the hippocampus and suggest 
LEC intrinsic excitability may also be a measure and mechanism supporting learning. 
Identification of these changes in aging will point to a potential target for future therapeutics in 
alleviating aging-related learning and memory deficits. 
Funding: NIH R37AG008796; NIH R01AG017139; NIH T32AG020506 
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Authors: *B. M. RABIN1, B. SHUKITT-HALE2, K. L. CARRIHILL-KNOLL1, M. G. 
MILLER2, K. A. BARTON1;  
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Abstract: Exposure to the types of radiation encountered in space (particles of high energy and 
charge [HZE particles]) produces changes in neurocognitive performance similar to those 
observed in the aged organism. As such, it is possible that there would be an interaction between 
the effects of exposure to HZE particles and the effects of aging. Previous research using 56Fe 
particles has shown an interaction between age of irradiation and the dose needed to produce a 
deficit in cognitive performance, such that doses of HZE particles that did not affect the 
performance of younger subjects affected the performance of older ones. The present 
experiments were designed to evaluate the generality of the relationship between age of 
irradiation and the dose needed to disrupt cognitive performance as a function of the 
characteristics of the specific particle. Male F-344 rats between 2 and 16 months of age were 
exposed to 48Ti, 16O, and 4He particles at the NASA Space Radiation Laboratory at Brookhaven 
National Lab. Cognitive performance was evaluated by testing performance on an ascending 
fixed-ratio operant task. In this task the subject must make an increasing number of responses in 
order to obtain a reward (food pellet). This task measures the motivation of the organism to work 
for reinforcement and the responsiveness of the organism to changes in environmental 
contingencies, including changes in reinforcement contingencies. Overall, the results indicated 
that for the higher linear energy transfer (LET) particles (56Fe and 48Ti; which produce greater 
tissue destruction along the particle track) a lower dose was needed to disrupt cognitive 
performance in the older subjects. Conversely, the available results suggest that a similar 
relationship may not be observed for the lower LET particles (16O and 4He) which produce less 
tissue destruction along the particle track). These results suggest that the effectiveness of specific 
particles in disrupting cognitive performance may, under some conditions, vary as a function of 
the age of the organism at the time of irradiation and the LET of the specific particle. 
Acknowledgments: This research was supported by NASA Grants NNX13AB73G and 
NNX16AE06G. 
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Abstract: A decline in cognitive abilities is an inevitable part of aging. However, cognitive 
activity during one’s lifetime can create a cognitive reserve that partially mitigates this cognitive 
decline. Thus, cognitive enrichment programs aimed at older adults have been developed in an 
attempt to delay, or even reverse, normal, age-related cognitive decline. Overwhelmingly, the 
animal research into mitigating age-related cognitive decline using cognitive interventions 
involves cognitive enrichment beginning early in life and often persisting into adulthood. These 
animal models are analogous to the human experience of education beginning early in life. Very 
few animal models present cognitive enrichment later in life, analogous to the brain training 
programs currently offered to older adults. Moreover, many of the animal models confound 
cognitive enrichment and exercise, making it difficult to attribute cognitive gains to cognitive 
activity rather than physical activity. Therefore, the present study administered either cognitive 
enrichment or exercise to already aged rats and then compared their cognitive performance to 
aged controls. In a water maze task, exercised aged rats swam faster and shorter distances to a 
hidden platform than control rats, but rats exposed to cognitive enrichment late in life did not 
perform better than controls. Surprisingly, exercised aged rats spent less time searching in the 
appropriate quadrant during probe trials than either control rats or rats exposed to cognitive 
enrichment late in life. These findings suggest that cognitive enrichment presented exclusively 
later in life will not mitigate normal age-related cognitive decline. 
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Title: The effects of a combination dietary intervention of caloric restriction and curcumin on 
normally aged C57BL/6 mice 

Authors: *M. SARKER1, S. FRANKS2, N. SUMIEN2, M. J. FORSTER2;  
1UNT Hlth. Sci. Ctr., Fort Worth, TX; 2Univ. of North Texas Hlth. Sci. Ctr., Fort Worth, TX 

Abstract: Our main hypothesis was that a combination treatment of dietary curcumin and CR 
will improve age associated neurobehavioral dysfunction better than either treatment alone via 
anti-inflammatory and antioxidant mechanisms. To determine whether or not combining these 
two interventions would result in additive or synergistic benefits, dietary curcumin and caloric 
restriction were tested for functional end points, either alone or in combination, in late middle 
age (MAG) (15 months) and early senescent (AG) (20 months) C57BL/6J male and female mice. 
Mice were assigned in groups to receive: (i) base diet ad libitum (AL), (ii) weight stable caloric 
restriction (CR), (iii) curcumin in the base diet (7200 mg/kg diet) (CURAL) or (iv) curcumin 
plus CR (CURCR). After 8 weeks of treatment, mice underwent a behavioral battery that tested 
for cognitive and psychomotor function. The final blood draw for assessment of inflammation 
and oxidative stress was at 16 weeks of dietary treatment. Curcumin overall improved visual 
acuity for both MAG males and females as well as AG males compared to their age matched 
control. There was no effect of dietary treatment on bridge walking for females, which is 
indicative of cerebellum functioning, compared to their age-matched control. CURCR and CR 
MAG and AG males however outperformed their age matched control on the bridge walking 
test. All three dietary interventions had significant effects on pro and anti-inflammatory 
cytokines, KC-GRO concentration was significantly decreased in CR and CURCR in the middle 
aged males and females group and was correlated to body weight; TNF-α concentration was 
significantly decreased in both CURAL and CURCR in middle aged males and there was a 
significant decrease in C-reactive protein in aged females under CURCR. MAG CURAL and AG 
CR males had lower levels of oxidative stress compared to baseline measures. Based on results 
from the motor tests and blood based biomarkers and earlier data on cognitive and other 
psychomotor function, dietary curcumin can be used as a CR mimetic for certain components of 
healthy functional aging but the benefits may not entirely be related to its anti-inflammatory and 
anti-oxidant effects. Future studies should include different doses and a tapered down caloric 
restriction regimen. 
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Title: Sex differences in cognition, emotional reactivity, and motor ability in gonadally-intact 
middle-aged marmosets (Callithrix jacchus) 
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Amherst, MA 

Abstract: Sex differences in cognition are well documented. Women outperform men on 
measures of perceptual speed and verbal abilities, while men outperform women on tests of 
spatial processing. Robust sex differences also exist in stress responses. However, it is unclear 
how these sex differences change over time and whether males and females follow different 
trajectories of age-related cognitive decline. Studies in nonhuman primate models can help 
resolve this issue. The common marmoset (Callithrix jacchus) is a New World primate with a 
short lifespan that can perform complex cognitive tasks in computerized settings that are 
comparable to those used with humans. The present study is part of a longitudinal project aimed 
at determining whether males and females follow different trajectories of cognitive aging. This 
report focuses on sex differences at study entry. Thirteen marmosets (7 females), aged 4-6 years 
were tested on a comprehensive battery of tasks assessing cognitive function, motor skills and 
emotional reactivity. For cognition, monkeys were initially trained on a simple visual 
discrimination problem, followed by reversal learning using the Cambridge Neuropsychological 
Test Automated Battery (CANTAB). They also performed the Hill-and-Valley task as a measure 
of fine motor skills. To assess emotional reactivity, each marmoset was separated from their 
colony for 7 hours. Behavioral assessments, which involved recording the occurrence of 
approximately 25 behaviors, occurred a total of 6 times: immediately before separation, 3 times 
during separation, immediately after separation, and 24-hr later. No sex difference was found for 
simple discrimination, but males tended to perform better than females on the reversal learning 
task. No sex difference was observed in motor skills. During separation from the colony, females 
were more reactive than males, as indicated by more agitated locomotion, and vocalizations. 
Together, these findings expand upon previous studies and demonstrate sex differences in 
reversal learning and emotional reactivity in gonadally-intact middle-aged marmosets. As the 
study progresses, we should be able to determine the neural correlates of these sex differences 
and how they may change with aging. 
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Title: Novel object recognition in aging mice - a critical evaluation of analytical methods in the 
comparison of C57BL/6 WT and NLRP3 knockout mice. 

Authors: *A. TRASCHUETZ, S. SCHWARTZ, M. T. HENEKA;  
AG Klinische Neurowissenschaften, Universitätsklinikum Bonn, Bonn, Germany 

Abstract: Beside the assessment of spatial learning in various mazes, novel object recognition 
tasks have become the most widely applied behavioral tests of learning in both rats and mice. 
With ample evidence that they probe hippocampus-dependent memory formation, these tests 
have become gold standards in experiments investigating mechanisms or interventions in rodent 
models of neurodegeneration. For example, novel object tasks have been used to show that the 
development of Alzheimer’s disease-like pathology and cognitive impairment in APP/PS1 mice 
depends on the NLPR3 inflammasome (Heneka et al, Nature, 2013). 
Here, we investigated the value of a novel object recognition task with a 24h intersession interval 
in probing the impairment of hippocampal memory functions in aging C57BL/6 Wildtype and 
NLRP3ko mice. Suprisingly, we discovered that even when established protocols are applied, the 
results of a novel object task can be manipulated by an arbitrary selection of analytical 
parameters. Young mice (3 months) maintain their novel object preference during the whole 10-
minute-probe session. Older mice (9 and 12 months), however, demonstrate a significant 
preference for the novel object only within the first 1-2 minutes of the test session. This indicates 
that the behavioral phenotype of older mice not only depends on memory function, but also on 
altered novel object preference per se. Despite the use of a cutoff for the total exploration time to 
account for differences in exploratory activity (Leger et al., Nature Protocols, 2013), memory 
performance of older mice appears to be severely impaired for total exploration times longer than 
5 seconds. 
Developping an unbiased analytical approach, we show that object recognition memory in aging 
mice is only mildly impaired in aging. However, we demonstrate that this impairment 
nevertheless occurs at the age of just 9 months and is mediated by NLRP3-dependent 
inflammation. Caution should be applied when using or interpreting results of novel object 
recognition tasks in aging mice. 
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Title: Delivery of osteocalcin in the dentate gyrus enhances cognitive functions and ameliorates 
age relate memory loss 
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Abstract: The interplay between brain and body metabolism is now beginning to be studied at 
the molecular level. Recent findings pinpoint osteocalcin (Ocn) as a hormone produced by bone 
that affects cognitive functions. However, the precise molecular and functional consequences of 
osteocalcin in the brain, are largely unknown. Here we perform local injection of recombinant 
osteocalcin in the hippocampal areas that accumulate Ocn and assess its cognitive effects. We 
identify an osteocalcin-dependent molecular pathway associated with memory, and pinpoint its 
mechanism of action through the RbAp48 protein. Rbap48 deficiency has been previously 
described as a key component of Age Related memory loss. We present evidence that OCN acts 
to ameliorate cognitive symptoms of normal aging and to restore age related memory loss by 
increasing the RbAp48 /CREB protein levels in the dentate gyrus. 

Disclosures:   S. Kosmidis: A. Employment/Salary (full or part-time): Columbia Medical 
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Title: A multiple microinfarction based model for vascular dementia in aged rats 

Authors: *P. VENKAT, M. CHOPP, J. CHEN;  
Neurol. Res., Henry Ford Hosp., Detroit, MI 

Abstract: Background and purpose: Vascular Dementia (VaD) affects cognition and memory. 
VaD accounts for nearly 20% of all dementia patients and is prevalent among the older 
population. In this study, we investigated a multiple microinfarction (MMI) model in aged male 
Wistar rats (16-18months), and assessed the consequent cognitive decline and white matter 
(WM) damage. Materials and methods: Male aged Wistar rats (16-18 months) were subjected 
to MMI (500, 70-100µm cholesterol crystals injected into the internal carotid artery, n=6/group) 
and cognitive deficits were evaluated 4 weeks later. Rats were sacrificed 4 weeks after MMI for 
immunohistochemical analysis. Results: The MMI model in aged rats induces vascular dementia 
with significant (p<0.05) short term memory loss (novel object recognition test), long term 
memory loss (odor test), anxiety-like behavior (open field evaluation), and impaired spatial 
learning and memory (Morris water maze test) at 4 weeks after MMI compared to aged control 
rats. MMI induces significant sensorimotor deficits that persist until at least 4 weeks after MMI. 
Compared to aged control rats, MMI significantly (p<0.05) decreases axon and myelin density, 
oligodendrocyte progenitor cells and oligodendrocytes numbers, and decreases synaptic protein 
expression in the WM tracts of the corpus callosum and striatal WM bundles. Golgi staining 
indicates that in comparison to aged control rats, aged-MMI rats have significantly (p<0.05) 
decreased neurite branching and cortical and hippocampal spine density. MMI in aged rats 
significantly damages hippocampal neurons. MMI in aged rats significantly induces water 
channel dysfunction indicated by decreased Aquaporin-4 (AQP-4) expression around blood 
vessels in the striatum. This AQP-4 loss around vessel significantly (p<0.05) correlates with 
cognitive deficits. Conclusions: The MMI model in aged rats induces significant cognitive 
impairment and WM/axonal damage primarily in the WM tracts of the corpus callosum and 



striatal WM bundles and neurons of the hippocampus. MMI significantly decreases axon and 
myelin density, promotes demyelination, impairs synaptic plasticity, and decreases neurite 
branching and dendritic spine density in the cortex and hippocampus. Water channel dysfunction 
may contribute to cognitive deficits and WM damage induced by the MMI model.  
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Title: Characterization of cognition in aging immunocompromised mice 

Authors: S. REGE1, T. HEIKKINEN2, H. HACKBART1, *E. CZIRR1, I. GALLAGER1, R. 
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Abstract: Assessing cognitive behaviors and their modulation by therapeutics in mouse models 
is important in the development of treatments for a range of neurodegenerative disorders and 
other indications associated with cognitive decline. Potential off-target effects generated by 
experimental therapies could confound behavioral outcomes, which highlights the importance of 
identifying the appropriate animal model. An example is the testing of human-derived reagents 
and proteins that could make for attractive therapeutic candidates, but their use in a heterologous 
species would generate deleterious immune responses. To circumvent this problem 
immunocompromised mice can be used, however the characterization of their cognitive function 
as it relates to aging has not been well explored. We studied the effect of aging on two strains of 
immunocompromised animals, NOD.CB17-Prkdcscid/NcrCrl (NOD scid) and NOD.Cg-
PrkdcscidIl2rgtm1Wjl/SzJ (NSG) mice. Animals were compared at 3 months and 12 months of age 
in assays including open field, Y-maze and contextual fear conditioning. To address variability 
in performance in behavioral assays between different laboratories, we have conducted studies at 
two independent sites with independent researchers. Immunocompromised animals show age-
related reductions in motor function and cognitive decline within 1 year of age, indicating 
accelerated aging compared to wild-type animals. These results confirm that 
immunocompromised animals can be used as a platform to test changes in age-related cognitive 
processes and other functions, and their modulation by a range of therapeutic agents. 
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Title: Drug targeting of rev-erb improves cognition in alzheimer’s disease mouse model 
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Abstract: Alzheimer’s disease (AD) has a plethora of possible risk factors, but the most certain 
risk factor is aging. Hallmarks of AD are aggregates of hyper-phosphorylated tau and amyloid-β 
(Aβ), and impediments in learning and memory are among the most common initial symptoms of 
the disease. The onset of perturbed sleep patterns suggests that circadian rhythm in AD patients 
is disrupted, indicating that the central clock is involved in the onset of AD. The central clock is 



regulated mainly by nuclear receptors (NR). A key NR, REV-ERB, inhibits and regulates 
transcription of clock genes and genes involved in long-term potentiation (LTP). REV-ERB’s 
expression is fairly ubiquitous in the brain. Recent studies have shown the correlation between 
REV-ERB-associated behavior and proteins involved in AD’s onset. Aβ accumulation is 
associated with the disruption of the sleep/wake cycle and impairs the rhythmic fluctuation of Aβ 
interstitial fluid levels in a transgenic mouse model. Furthermore, Aβ disrupts both the circadian 
sleep/wake cycle and hippocampal learning formation, suggesting that alterations in REV-ERB 
expression may be part of Aβ’s pathology. Here, we examined the effects of the REV-ERB 
agonist SR9009 on learning and memory in the SAMP8 mouse model of AD. We studied the 
effects of SR9009, a specific REV-ERB agonist, in a SAMP8 mouse model. This is an 
accelerated aging model that exhibits consistent age-related increase in Aβ, hyper-
phosphorylated tau, oxidative stress, impaired efflux of Aβ from the brain as well as learning and 
memory deficits beginning around 8 months and fully developed at 12 months. We treated male 
SAMP8 mice with SR9009 (100 mg/kg body weight i.p.) beginning at 11 months of age. After 4 
weeks of treatment, they exhibited improved learning and memory behavior phenotypes 
compared to aged SAMP8 mice treated with vehicle. Aged SAMP8 mice treated with SR9009 
had learning and memory comparable to that of young SAMP8 mice (4 months) treated with 
vehicle in novel object recognition and T-maze retention. SR9009 was given post-onset of 
cognitive deficits, showing that increased REV-ERB activity is able to rescue the cognitive 
deficits associated with Aβ and tau. This study presents REV-ERB as a potential target in the 
treatment of AD. 
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Title: Molecular correlates of altered neural communication in ofc layer 2-3 during human aging 
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1Psychiatry, Pharmacol. and Toxicology, Univ. of Toronto, Campbell Family Mental Hlth. Res. 
Inst., Toronto, ON, Canada; 2Univ. of Pittsburgh, Pittsburgh, PA; 3McGill Univ., Montréal, QC, 
Canada 

Abstract: Background: Multidisciplinary studies have demonstrated a decline in orbitofrontal 
cortex (OFC) cognitive functions, grey matter volume, loss of spines/synapses at layer 3 as well 
as gene expression changes related to neural communication during the course of normal aging. 
Recently, the gene expression changes that occur during the course of normal aging have been 
classified into nine hallmarks of aging based on peripheral tissue. However, the extent to which 
these hallmarks apply to brain tissue comprised largely of non-dividing cells has not been 
evaluated. Gene array and functional imaging studies have provided large-scale information on 
brain aging; however, to date no unbiased high-throughput proteomic studies have been 
performed on the OFC during human aging. Cortical layers 2/3 have a prominent role in 
processing feedforward and feedback information within local circuitry and with other regions of 
the brain. Accordingly, we performed proteomic profiling of the OFC layer 2/3 during human 
aging. Prediction: Proteomic analysis of OFC layer 2/3 during human aging will reveal changes 
in biological hallmarks of aging, specifically affecting levels of glutamate/GABA/glia-signaling 
components (i.e., altered neural communication). Methods and Results: MS-based proteomics 
was performed on laser-captured layer 2/3 of postmortem OFC from 15 young and 18 old male 
subjects. Label free quantification and random-intercept modeling revealed 131 differently 
expressed proteins (p value ≤ 0.05 and a minimum of 20% effect size), including 66 up- (e.g., 
GFAP, AQP4) and 65 (e.g., GRM2, 3, CALB1) down-regulated proteins, respectively. Most age-
associated proteins were related to altered neural communication. Functional and network 
analyses on differentially expressed proteins showed enrichment for glutamate-related signaling 
and processes, for example, learning and memory among many other hallmarks of aging such as 
deregulated nutrient sensing and loss of proteostasis. Interestingly, age-altered layer 2/3 proteins 
showed association with many neurological and psychological disorders. Summary: Our study 
identified qualitative and quantitative proteomic changes in the OFC layer 2/3 during the course 
of aging. Results from this study also confirmed previously identified age-associated molecular 
changes (hallmarks of aging) from transcriptomic, morphological and imaging studies on the 
OFC. Changes in neural communication at layer 2/3 may contribute to age-associated decline in 
OFC related cognitive functions. Overlap between age-altered and disease associated proteins 
suggests that aging may contribute to acceleration of disease progression. 
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Title: Oral administration of a brain penetrating ghrelin receptor agonist (hm01) inhibits age-
dependent memory loss in mice.  
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Abstract: Declining levels of the growth hormone secretagogue/ghrelin receptor (GHSR1a) are 
associated with age-dependent functional deficits. The lowest levels were found in brains from 
sporadic Alzheimer’s disease patients. Previously we reported that administration of an orally 
active agonist of GHS-R1a to elderly subjects restored the young adult phenotype.1 Furthermore, 
we recently showed in mice that GHSR1a and dopamine receptor-1 (D1R) form heterodimers in 
hippocampal neurons that are essential for initiation of synaptic plasticity and hippocampal 
memory.2 We now report that oral gavage of the GHS-R1a agonist, HMO1, prevents age-
dependent memory loss in 10-18 month old mice. HMO1-treated mice show significant 
improvements in both spatial and contextual memory. In the water maze test remote memory 
improved significantly (p=0.008) 1 week after acquisition. In fear conditioning, improvements in 
memory (p=0.011) were detectable (mice at age 18 months), up to 3 months after the initial foot 
shock. 
In summary, our studies show that while aging reduces the concentration of ghrelin receptors in 
the brain, oral administration of the brain penetrating ghrelin receptor agonist, HM01, augments 
GHSR1a:DRD1 heteromer signaling and prevents/restores age-related memory loss in mice, 
most likely via DRD1 mediated hippocampal memory. 1. Smith RG, Sun Y, Jiang H, Albarran-
Zeckler R, Timchenko N. Ghrelin receptor (GHS-R1A) agonists show potential as interventive 
agents during aging. Ann, N. Y. Acad Sci. 2007;Nov;(1119):147-164. 2. Kern A, Mavrikaki M, 
Ullrich C, Albarran-Zeckler R, Brantley AF, Smith RG. Hippocampal Dopamine/DRD1 
Signaling Dependent on the Ghrelin Receptor. Cell. 2015;Nov 19;163(5):1176-1190. Theme H: 
Cognition H.01 Animal Cognition and Behavior H.01.s Learning and Memory: Aging 
Nanosymposium prefereed 
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Title: Aged animals appear cognitively and behaviorally hyporesponsive to chronic restraint 
(psychosocial stress) compared to young animals 
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Pharmacol., Univ. of Kentucky, Lexington, KY 

Abstract: It is established that aging has detrimental consequences including a change in sleep 
architecture, a blunted circadian rhythm, and a decrease in cognition. Psychosocial stress (PS) is 
a non-painful stimulus associated in humans with major life changes including job loss, death of 
a spouse, and social isolation. It strongly influences multiple systems (e.g., corticosterone level, 
body temperature regulation, sleep and cognition). In prior work, we showed that acute PS 
resulted in typical cognitive deficit and hyperthermia responses in young animals, but that aged 
animals were hyporesponsive to this acute PS challenge. However, PS in humans is normally 
chronic, not acute, and the likelihood of experiencing PS increases with age. Nevertheless, little 
work has investigated the response of chronic PS in aged subjects. We hypothesized that aged 
animals will continue to be hyporesponsive to chronic PS. To test this, young (3mos) and aged 
(19mos) male Fischer344 rats were assigned to control or PS groups and implanted with wireless 
telemetry from Data Sciences International to monitor sleep and body temperature. Chronic PS 
(restraint, 3 h/day, 4 days/week, 4 weeks) effects on distress response, Morris water maze 
(MWM), body temperature, and corticosterone levels were collected. Chronic PS did not affect 
spatial MWM training, deep sleep duration, body temperature, or corticosterone levels at any 
age. PS resulted in decreased active period wake in aged animals. Conversely, aged animals were 
hyporesponsive to PS effects on the distress response and MWM probe trial. Taken together, the 
aged animals appear cognitively and behaviorally hyporesponsive to chronic PS. 
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Title: Effect of ovariectomy on cognitive function in the hypertensive Dahl salt-sensitive rat 
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Abstract: Previous studies have shown that ovariectomy (OVX) impairs cognitive function in 
Sprague Dawley rats using the 12-arm radial arm maze. AIM: In this study, we investigated if 
OVX impairs cognitive function in a hypertensive vs. normotensive animal model. METHODS: 
Dahl salt-sensitive (DS) and salt-resistant (DR) female rats underwent OVX or sham-operation 
(Sham) at 6 weeks of age. Six months later, the animals were evaluated with the Novel Object 
Recognition Test (NORT). RESULTS: Between 8 & 9 months of age, three DS-OVX rats died, 
presumably due to stroke as a result of the hypertension, as previously we found that OVX 
accelerated the age-associated increase in arterial pressure in these rats. When we compared the 
NORT results in the animals that later died with the animals that survived, we found the time 
spent with the novel object was significantly less [(time spent with novel object / total time spent 
with novel object and familiar object): DS-OVX-survived, 0.82 ± 0.06 (n=5) vs. DS-OVX-died, 
0.60 ± 0.1 (n=3); p = 0.04]. DS-Ovx-survived scores were significantly higher than what would 
have been expected by chance (p=0.008), but the DS-Ovx-died scores were not, indicating that 
the DS-Ovx-survived rats recognized the novel object as new, but the DS-Ovx-died rats may not 
have. Furthermore, the hypertensive DS rats tended to do poorer on the NORT compared to the 
normotensive DR rats [(time spent with novel object / total time spent with novel object and 
familiar object): DS, 0.77 ± 0.04 (n=16) vs. DR, 0.85 ± 0.03 (n=15); p = 0.056]. In contrast, no 
DR rats died and there was no difference detected in the proportion of time spent with the novel 
object between the DR-OVX and DR-Sham. CONCLUSION: This study is consistent with the 
hypothesis that the hypertension exacerbated by OVX impairs cognitive function in the DS rat. 
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Abstract: As the aged population continues to grow, there is increased interest in discovering 
and exploiting interventions that can prolong lifespan. The National Institute on Aging’s 
Interventions Testing Program has shown that acarbose, a drug which is already used in the 
treatment of diabetes because it blunts the post-meal spike in blood sugar, significantly extends 
lifespan in a genetically heterogeneous mouse line, UM-HET3. However, the question of 
whether acarbose can also preserve or extend cognitive function in mice as they age has not been 
explored. In addition, advancing age remains the largest risk factor for developing 
neurodegenerative diseases like Alzheimer’s disease (AD); thus, acarbose treatment may also be 
effective in preserving or rescuing cognitive function in mouse models of neurodegenerative 
disease. 
To address these questions, we are treating mice with acarbose (delivered ad libitum in their 
chow) starting at 4 months of age and evaluating the cognitive function of separate cohorts of 
mice at several different time points throughout the lifespan. Our preliminary data show that in 
wild-type UM-HET3 mice, even as early as 9 months of age, acarbose improves cognitive 
function, as assayed by the Morris water maze, compared to mice maintained on control chow. 
Additionally, in a mouse model of AD (the 5xFAD model, which has five familial AD 
mutations, including 3 separate mutations in the amyloid precursor protein, APP, and 2 distinct 
mutations in presenilin-1, PS-1) that has been bred on the UM-HET3 genetic background, 
acarbose treatment was sufficient to rescue cognitive deficits observed in the Morris water maze 
at 9 months of age. 



Because acarbose is already used in a clinical capacity in humans and is known to be safe and 
well-tolerated, it has the potential for rapid translation into clinical studies. Together with our 
results, this suggests that acarbose treatment may be useful in a therapeutic setting to extend 
lifespan and to improve cognitive outcomes in both healthy aged populations as well as in those 
impacted by neurodegenerative diseases. 
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Title: The role of HDAC3 in age-related plasticity and memory dysfunction 

Authors: *J. L. KWAPIS, Y. ALAGHBAND, E. A. KRAMÁR, A. J. LÓPEZ, A. O. WHITE, 
D. RHEE, C. M. MICHAEL, G. SHU, D. P. MATHEOS, M. A. WOOD;  
Neurobio. and Behavior and Ctr. for the Neurobio. of Learning & Memory, Univ. of California, 
Irvine, Irvine, CA 

Abstract: Aging is accompanied by cognitive impairments, including difficulty forming long-
term memories. Long-term memory formation requires gene expression, a process that may be 
disrupted with age (Rowe et al., 2007; Berchtold et al., 2008). Epigenetic alterations (changes in 
gene expression that occur through alterations in chromatin structure) may therefore contribute to 
age-related impairments in gene expression and long-term memory. One major epigenetic 
mechanism important for memory is histone acetylation, in which acetyl groups are added or 
removed from histone tails by acetyltransferases (HATs) or histone deacetylases (HDACs), 
respectively. Increasing histone acetylation by blocking HDAC activity generally enhances both 
gene expression and long-term memory. In particular, histone deacetylase 3 (HDAC3) appears to 



be a key negative regulator of long-term memory formation, as blocking HDAC3 produces 
persistent object location memory following subthreshold training. Here, we tested whether 
HDAC3 activity also contributes to age-related impairments in synaptic plasticity and long-term 
memory. We hypothesized that dysregulated HDAC3 activity in the aging brain contributes to an 
unusually repressive chromatin structure that limits synaptic plasticity and memory formation. 
To test this, we disrupted HDAC3 in the dorsal hippocampus of 18-month-old mice with two 
different manipulations: focal genetic deletion with HDAC3flox/flox mice and activity-specific 
blockade with a dominant negative point mutant virus (AAV-HDAC3(Y298H)-V5). We found 
that HDAC3 disruption ameliorated age-related impairments in both long-term memory and 
synaptic plasticity. To determine the mechanism through which HDAC3 deletion ameliorates 
memory impairments, we measured gene expression in the dorsal hippocampus of young and 
aging mice. We found that phosphorylation of HDAC3 was aberrantly increased in the aged 
brain after learning, even though total HDAC3 levels were similar in young and old brains. We 
also identified Nr4a1 and Nr4a2 as key downstream mechanisms through which HDAC3 
dysfunction may contribute to age-related memory impairments. Together, these results support 
the hypothesis that HDAC3 is dysregulated with age, leading to age-related impairments in gene 
expression, long-term memory formation, and synaptic plasticity. 
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Abstract: Aging is associated with a decline in working memory, a cognitive capacity dependent 
on area 46 of the dorsolateral prefrontal cortex (PFC) in both humans and animal models. These 
deficits occur in the absence of dramatic PFC neuron loss, suggesting more subtle changes in 
circuitry integrity underlie the impairment. The GABAergic network, including parvalbumin 
immunoreactive (PV-IR) interneurons maintains appropriate network dynamics by regulating 
activity among excitatory neurons and has been demonstrated to be vulnerable to the negative 
effects of aging in rodents. The effect of age on PV-IR cell number in the primate PFC, however, 
is unknown. 
Here, PFC PV-IR interneuron number was assessed in 7 young adult (8-13 yrs.) and 15 aged (27-
38 yrs.) rhesus monkeys (Macaca mulatta) of both sexes. Animals were previously tested on a 
delayed response test of spatial working memory known to be sensitive to aging and PFC 
damage. Aged subjects performed poorly relative to a large population of young animals, and 
comparable to aged monkeys in many previous experiments. For post-mortem histological 
analysis, animals were perfused with cold fixatives, and the brains were frozen and sectioned in 
the coronal plane at 40 microns in an evenly spaced 1 in 10 series. For each brain, a single series 
spanning the rostro-caudal length of area 46 was processed for the immunocytochemical 
visualization of PV (Sigma, cat#P3088), using diaminobenzidine as the chromagen. Design-
based stereological techniques were employed to estimate the total number of PV-IR neurons in 
both the dorsal and ventral banks of area 46. 
The estimated number of PV-IR interneurons in the ventral bank of area 46 was comparable in 
young and aged monkeys, averaging a total of 639,398 and 559,774, respectively. In contrast, 
aged monkeys displayed roughly 40% more PV-IR neurons in the dorsal bank relative to young 
adults (totals = 853,755 vs. 608,609, p=0.05). These results add to a growing body of evidence 
on interneuron vulnerability in aging, suggesting that disrupted inhibitory circuitry in the PFC is 
a prominent feature of neurocognitive aging across species. 
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Title: Quantifying changes in medial prefrontal cortex immediate early gene expression as a 
function of aging related cognitive decline 
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Psychology, Univ. of Wisconsin Milwaukee Dept. of Psychology, Milwaukee, WI 

Abstract: The world’s population of individuals aged 85 and over is projected to increase by 
350% by the year 2050. It is important for research on aging to assess changes in brain function 
throughout the aging process in order to combat aging-related cognitive decline and to improve 
the quality of living for the elderly. One way to understand how aging alters the neuronal 
circuitry that underlies aging-related cognitive decline is to study extinction of fear conditioning. 
Previous data from our lab suggest that aged rats exhibit impaired fear extinction. Thus the 
current experiments were designed to assess how immediate early gene (IEG) expression of Zif-
268 and c-fos was altered in brain regions implicated in associative learning in order to better 
understand how overt behavioral deficits might be linked to aging-related changes in the brain. 
Young, middle-aged, and aged rats were separated into four experimental groups: naïve, pseudo-
conditioned (PSEUDO), trace fear conditioned (TRACE), and fear extinction (EXT). On day 1, 
TRACE and EXT rats underwent trace fear conditioning (10 trials of 15 s tone, 30 s trace 
interval, 1 s footshock), while PSEUDO rats underwent pseudo conditioning (10 tones and 10 
shocks that were explicitly unpaired). On days 2 and 3, EXT and PSEUDO rats were given 10 
tone-alone presentations. On day 4, TRACE, EXT, and PSEUDO rats were presented with 2 tone 
presentations to assess trace fear memory. Brain slices were collected 1-hr after testing to assess 
IEG expression in various brain regions of interest (e.g., mPFC, hippocampus, amygdala, 
retrosplenial cortex). Our initial studies did not observe any statistically significant behavioral 
differences between age groups, however, analysis of mPFC indicated that in adult rats IEG 
expression was elevated within the prelimbic and infralimbic subregions within the PSEUDO, 
TRACE, and EXT groups (p < .05). Although learning occurred in the aged animals, this 
learning did not involve significant changes in IEG expression within mPFC, suggesting that 
aging may result in circuit-level changes in molecular signaling that supports acquisition and 
extinction of trace fear conditioning. 
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Abstract: We are interested in discovering new candidate targets for drug therapies to enhance 
cognitive vitality in humans throughout life, and to remediate memory deficits associated with 
brain injury and brain-related diseases such as Alzheimer’s and Parkinson’s. To achieve our goal 
we need a comprehensive and objective understanding of the human genome contribution to 
variation in memory performance in healthy individuals. We are implementing a Genome-Wide 
Association Study (GWAS) to identify genetic loci varying among individuals who possess 
exceptional and normal memory abilities. These genes and those in associated networks will 
inform drug discovery and development. Our first step is to identify exceptional members of the 
population. Thus, we have created an online memory test - the Extreme Memory Challenge 
(EMC) - to conveniently screen through an unlimited number of subjects to find individuals with 
exceptional memory consolidation abilities. Identified subjects are (1) validated by a battery of 
secondary memory tasks, and (2) providing saliva samples from which we can isolate DNA for 
GWAS. Ten pilot experiments were conducted to parameterize the EMC screen. Participants 
learned face-name pairs for a delayed recall test. After initial study, each name was presented 
and participants were asked to select the correct face among four (distracters were other faces 
paired with different names). One day later participants completed a final test trial. We are 
primarily interested in forgetting across sessions, as this provides an estimate of consolidation 
across a 24-hour time interval. Pilot studies indicated the optimal protocol should include 30 
face-name pairs, presented at a 4 second rate. To date, 14,010 participants from 173 nations have 
been screened in the EMC. Of these, 9,189 have completed both sessions. Individuals in our 
sample are most frequently Caucasians (56%), US citizens (40%), native English language 
speakers (45%), post-secondary school-educated (63%), reported being most alert in the morning 
(52%), with good vision (70%), and right handed (89%). The gender distribution was split 
evenly. Performance in the EMC decreased across sessions by 8% (from 60% to 52%). We 
identified 22 subjects scoring 3+ standard deviations from the forgetting mean, and 23 scoring 
perfectly during both sessions. For both of these exceptional groups, performance is being 
validated by our memory battery prior to the genomics portion of the project, now underway. 
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Abstract: Default mode network (DMN) is a connectivity system involved in different resting 
state functions, such as autobiographical information; self-referenced memories; referring to 
descriptions and emotions of one’s self; moral reasoning; social evaluations; thinking about other 
one’s thoughts; remembering the past, imagining the future and episodic memory, present during 
mind wandering processes. Conectivity studies have demonstrated that DMN and working 
memory may not have opposite functions and that DMN and WMN (working memory network) 
may both be active during a memory task. Corporative environments have a great stress load on 
managers, specially women (with double shifts, facing home duties) and are prone to burnout. 
Objective: To investigate the effects of a 8-week mindfulness-based program of cultivating 
positive emotions, ethics and healthy interpersonal attitudes (Florescer) on brain functional 
activation during a memory task (n-back) in stressed management women. Methods: sixty 
workers from Natura Cosmetics S.A. were invited; 59 were included, 24 finished the 8-week 
program. After giving written consent, participants were evaluated for: class presence, home 
practice, age, and were submitted both to a resting state and to a memory task (N-Back) inside a 
functional magnetic resonance 3T device. During the memory task, subjects were instructed 
whether to find a specific letter, or to remember if it had been presented one or two positions 
behind. Significance was set at p<0.05, with Z>2.3. Data was processed using FSL software. 
Results: Both groups were equal at study entry for correct responses and reaction time in the 
“find” task: Florescer vs. Control (correct responses 6.9±2.8 vs. 6.6±2.6 p=0.963 and reaction 
time 591±113 vs. 678±145 ms p=0.405). Florescer program did not change these parameters and 
groups remained equal at 8 weeks: (7.7±1.3 vs. 7.1±2.1 p=0.350 and 580±97 vs. 598±93 ms 
p=0.783). Regarding functional activations, groups demonstrated different activation patterns 
when submitted to the memory task after training: Florescer increased and Control decreased 
activation on DMN structures such as: posterior cingulate gyrus, precuneus, hippocampus, 
frontal medial cortex, posterior cingulate gyrus, frontal pole, anterior cingulate gyrus, lingual 
gyrus; besides those, corpus callosum also showed greater activation pattern. Conclusion: 



Florescer program increased DMN engagement during a memory task in corporative 
environment distressed women, possibly indicating that this program allowed participants to 
perform the task in a more relaxed inner attitude; a smaller attentional engagement and with 
increased efficiency. 
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Abstract: Transcranial alternating current stimulation (tACS) is widely used to entrain or 
modulate brain oscillations and shed light onto the relationship between oscillatory activity and 
cognitive processes. tACS could be an effective tool for cognitive research if it was able to 
modulate brain oscillations in a time critical manner. During cognitive tasks, brain oscillations 
show a highly dynamic behaviour. For instance beta oscillations decrease in power within a 
couple of milliseconds during memory processing followed by a subsequent increase in 
amplitude. If tACS should be useful for asking causal questions about these dynamics it must 
influence brain oscillatory behaviour in a similar time range. In a series of experiments we 
addressed the question whether event-related, transient tACS in the beta frequency range can be 
used to modulate 2 different processes: episodic memory formation and motor cortex 
excitability. Experiments 1 and 2 aimed at replicating and extending findings from a recently 
published TMS study. By using rTMS it has been shown that entrainment of left prefrontal beta 
oscillations leads to impaired memory encoding of verbal material. In order to replicate and 
extend these findings, 72 healthy human participants engaged in an incidental encoding task of 
verbal and non-verbal material while receiving tACS to the left and right inferior frontal gyrus 
(IFG) at 6.8Hz, 10.7Hz, 18.5Hz, 30Hz, 48Hz and sham stimulation for 2s during stimulus 
presentation. Experiment 3 addressed the question whether 10s of beta tACS is sufficient to 



entrain brain oscillations in the primary motor cortex (M1). By administering tACS to M1 at the 
individual motor beta frequency of 8 subjects, we investigated the relationship between the size 
of TMS induced MEPs and tACS phase. The present results indicate that applying tACS over a 
short period of time (2s; 10s) did not entrain brain oscillations and did not affect behaviour. In 
experiments 1 and 2, findings from a TMS study could not be replicated. Beta tACS did not 
affect memory performance. Likewise, no entrainment effects could be found in experiment 3. 
MEP size was not modulated by the tACS phase, indicating that our stimulation protocol did not 
entrain beta oscillations in M1. Taken together these findings suggest that using tACS in an 
event-related manner and applying the stimulation for short periods of time is not effective in 
modulating brain oscillatory activity. These failures of event-related tACS to modulate cognition 
or cortical excitability cast doubt on whether tACS could be an alternative to rTMS in 
unravelling the causal relationship between brain oscillatory activity and cognitive processes. 
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Abstract: The relationship between encoding of the different associations that our 
environmental representations consist of and cortical area and thickness, and the size of different 
structures in the brain, is to a large extent unknown. In this study, the participants had to learn 
either 20 or 35 small virtual environments. The environments consisted of five objects that 
formed a unique positional pattern within the environments. Each environment was enclosed by 
one of 10 differently shaped outer walls. The participants had to complete several runs. Each run 
involved five environments. After each run, the participants’ ability to associate the objects 
together, associate the objects with the outer wall, recreate the objects positional pattern, place 
the objects positional pattern relative to the outer wall, place the objects in their position within 
the positional pattern, were tested for each environment. The association between the different 
environmental measures and cortical thickness and area, and subcortical volumes, were 
investigated in Freesurfer. The relationship between the environmental measures and the size of 



the different subregions along the anterior-posterior axis of the hippocampus were also 
investigated, using a high resolution T2 image and ASHS. 
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Abstract: A key feature in forming episodic memories is the establishment of associations 
between different components that comprise the memory episode. In order to investigate the 
neural correlates underlying memory formation, we can contrast neural activity during study for 
items that are remembered or forgotten on a subsequent memory test, with the assumption that 
the processes indexed by this contrast contribute to whether an item subsequently receives an 
accurate memory judgment. In a previous fMRI study, we had participants perform an incidental 
encoding task where they studied both item-item (‘associative’) and item-context (‘source’) 
information in each trial. We found that successful encoding of associative information was 
accompanied by ‘subsequent memory effects’ in cortical brain regions distinct from those for 
successful source encoding. Here, we employed EEG/ERP to the study/test procedure used in 
our fMRI study in order to characterize the temporal correlates of encoding the same two types 
of memory associations. We recorded EEG during the incidental encoding task, where 
participants studied both associative (picture-word pair) and source information (left/right picture 
location). At test (not recorded), participants saw both studied and new pictures, and the 
requirement was always to judge whether a picture was old/new, and then to judge either its 
studied location (left/right), or its studied associate (out of two previously studied words). We 
formed ERPs separately for study trials later tested for location (source) and associative memory, 
and further segregated these according to the accuracy of the respective memory judgments. We 
found a polarity reversal in the subsequent memory ERPs, in which more positive-going ERPs 
were found for successful associative encoding, whereas more negative-going ERPs were found 
for successful encoding of source information. This polarity reversal suggests that successful 



associative and source memory encoding are supported by qualitatively distinct encoding 
operations. These findings correspond with prior ERP studies that found greater positivity for 
encoding semantic information, and greater negativity for encoding non-semantic information. 
We also found a temporal dissociation, in which the more negative-going source subsequent 
memory effects emerged at picture onset, and were sustained until word presentation, whereas 
the more positive-going associative subsequent memory effects emerged only after word onset. 
The current data are consistent with our prior fMRI findings that distinct encoding processes 
contribute to the subsequent memorability of different types of associations. 
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Abstract: Prediction errors (PEs) are thought to play a critical role in learning. Recent work has 
focused on the role of the hippocampus in the detection of memory-based PEs. However, our 
understanding of how new learning and previous memories are affected by prediction violation is 
scarce. Furthermore, it is unclear how memory PEs might differ and invoke different kinds of 
learning for old compared to newly acquired prior memories. Prominent theoretical frameworks 
propose that PEs should lead to the initial creation of a separated memory trace in the 
hippocampus (Love, Medin and Gureckis, 2004; McClelland, McNaughton and O’Reilly, 1995) 
that is later integrated into our knowledge stores. However, this may differ for old and new 
memories. More consolidated memories may be represented in cortex and thus this may reduce 
interference within newly learning hippocampal associations. Thus to examine learning 
following PEs, we presented participants with a stream of objects. Unbeknownst to the 
participants, the stream was composed of repeating sequences of objects (A-B-C), as well as 
single objects (D) interspersed between the triads. After initial learning, we induced PEs by 
presenting the stream of objects again, but replacing the last object in each sequential triad (C-
items) with another equally familiar objects (D-items). Critically, for half of the triads, the initial 
learning occurred immediately before the PE induction, while for the other half, learning 
occurred the previous day, thus allowing for some consolidation of learned sequences. Memory 



integration was assessed by an associative priming test. Our initial results show evidence for 
integration of old C items with new PE D items, however this was only seen for the more 
consolidated triads. Specifically, we see that D-items primed the C-items of the initially learned 
triads, only when prior knowledge was consolidated, but not when it was recent. The results 
suggest that consolidation may promote new learning by facilitating the integration of novel 
associations into knowledge. Preliminary imaging analysis will focus on the role of the medial 
temporal lobe in mediating learning following prediction errors. 
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Abstract: A typical observation in memory research is that items learned using semantic or 
“deep” operations, such as attending to the meaning of the item, are better remembered than 
items encoded using “shallow” operations, such as attending to its structural features. 
Neuroimaging and brain stimulation studies have consistently demonstrated that effective deep 
encoding is associated with the engagement of the left ventrolateral prefrontal cortex (VLPFC). 
It is not clear however whether effective shallow encoding engages the same brain region, or 
more posterior areas such as the parietal cortex. Whether or not episodic encoding relies on a 
single neural system irrespective of encoding task is therefore still unknown. In the present study 
we attempted to address this question using anodal transcranial direct current stimulation (tDCS). 
Thirty-two participants received anodal tDCS while they encoded lists of words using deep and 
shallow encoding strategies. Half of the participants received the stimulation over the left 
VLPFC, the other half over the left parietal cortex. Memory for the words was then assessed with 
a recognition memory test. As typically observed, we showed that items encoded with a deep 
encoding strategy were better remembered than items encoded using a shallow encoding 
strategy. This effect however was not modulated by anodal tDCS in either group. Overall, anodal 
stimulation did not induce any significant change in memory performance compared to sham. 
These results contribute to the existing debate regarding the effectiveness of electrical current 
stimulation in modulating higher cognitive functions by showing a lack of behavioural effects of 



tDCS, at least in the context of the present stimulation protocol and memory task. Further studies 
are needed to understand under which condition, if any, tDSC induces changes in memory 
abilities. 
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Abstract: Numerous studies have demonstrated that default network activation precedes and 
predicts subsequent errors in goal-directed tasks. A consistent attribute of these tasks is that the 
stimuli are devoid of personal knowledge or significance. Recently, we devised an N-back task 
for faces, which included both unknown and famous individuals. Famous faces spontaneously 
elicited default network activity, which persisted through a 2-back match interval, and was 
associated with better task performance. Here we extend this line of research by examining 
dynamics of default network activity during successful and unsuccessful trials on a 3-back 
working memory task with famous faces as targets (with intervening anonymous face distractors) 
or distractors (during anonymous face target trials). Young adult participants (N = 20) underwent 
fMRI scanning while completing a 3-back working memory task with two core conditions: Fame 
relevant/Anonymous irrelevant (FAAF) and Anonymous relevant/Fame irrelevant (AFFA). This 
study served to identify dynamic default network engagement as a function of stimulus 
familiarity and task performance. Consistent with prediction, successful FAAF performance was 
associated with activation of the default network (posterior cingulate cortex (PCC), anterior and 
lateral temporal lobes, ventromedial prefrontal cortex, and angular gyrus) and attentional control 
(inferior and superior parietal lobule, and insula), and visual association areas (fusiform face 
area). Successful AFFA trials were associated with a pattern of activity including attentional 
control (superior and inferior parietal lobule, frontal eye fields, insula and MT+) and visual 
association brain regions (fusiform face area). In contrast, unsuccessful AFFA trials were 



associated with co-activation of default regions (hippocampus, angular gyrus, ventromedial 
prefrontal cortex, PCC) and attentional control areas brain regions (dACC, insula). FAAF errors 
were associated with a more circumscribed pattern of default and attentional control network 
activity (PCC, inferior parietal lobule right dorsolateral prefrontal cortex, frontal eye fields, 
insula). These data provide strong support for the dynamic role of the default network in goal-
directed processing. Flexible activation of default network brain regions with attentional control 
areas and higher order perceptual brain regions can both support or disrupt external goal-direct 
processing, depending on the task relevance of stored representations. 
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Abstract: Accurate localization of depth electrodes within the CA3 and CA1 subfields in the 
human hippocampus is critical for the detailed analysis of the neuronal circuitry and potential 
future applications in memory restoration. To date clinical studies of hippocampal function in 
humans has been based on imaging with depth electrode localization, a method limited for 
functional anatomic resolution. Likewise, electrophysiological recordings in human 
hippocampus have had non-precise anatomic localization. 
Eleven adult human patients with medically refractory epilepsy underwent implantation of 
multiple, stereotaxically-placed, electrodes for seizure localization. Each patient had at least one 
multisite cellular-recording electrode placed within the largest (head) region of hippocampus 
which was confirmed using post-operative, high-resolution 3T MRI. Cognitive tasks were then 



administered to 8 patients, consisting of sample image presentation within a visual Delayed-
Match-to-Sample (DMS) paradigm. Accuracy of electrode placement within the CA3 and CA1 
subfields of these patients was assessed via analyses of single unit neuronal firing patterns of 
‘pairwise’ CA3-to-CA1 correlograms during sample and match response phases of the DMS 
task. 
Comparison of pre- and post-operative MRI confirmed that at least one multi-site electrode in 
each patient was localized with recording sites positioned in both the CA1 and CA3 subfields. 
Electrode locations that were putatively identified (on the basis of probe morphology and post-
operative MRI) as CA3 vs. CA1 were confirmed to exhibit electrophysiological correlates of the 
well-performed DMS task. Pairwise cross-correlations between putative CA3/CA1 cell pairs 
revealed that 16% exhibited feedforward activation, while 64% exhibited simultaneous 
activation consistent with synchronous activation of the CA3 and CA1 cell layers via perforant 
path during the DMS task. Only 3% of cell pairs exhibited negative cross correlation lag and 
feedback activation associated with mis-identification of either the CA3 or CA1 neuron within 
the pairs. Nonlinear modeling of CA3-to-CA1 encoding confirmed the functional connectivity 
during the task and will be used to validate behavioral relevance during testing of a related neural 
prosthetic designed to facilitate patient memory within the task. 
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Abstract: Rostrolateral prefrontal cortex (RLPFC) critically supports a range of higher cognitive 
processes, including the control and monitoring of episodic retrieval. Here we aimed to better 
characterize the contribution of distinct left and right lateralized RLPFC regions during the 
retrieval of contextually-rich real world autobiographical memories. Using short sequences of 
photographs as probe stimuli, we examined the degree to which RLPFC activity was modulated 
as a function of whether the photos of the event were novel or familiar and whether the temporal 
sequence of the event unfolded in the proper order. Eighteen subjects wore necklace-mounted 
digital cameras to photograph their daily lives over the course of 3 consecutive weeks. A total of 
120 photographic sequences, each consisting of 8 unique images, were selected to represent 
distinctive events in participants’ lives. Participants underwent fMRI scanning while making 
mnemonic judgments about these events, half of which had been previously encountered during 
a laboratory session that occurred the day before. Furthermore, half of all events in the fMRI 
scan session were also presented in a temporally scrambled manner, where the last 4 images 
within a photo sequence were shown in a different order than what originally occurred. Brain 
activity was interrogated as a function of photo pre-exposure status (previewed vs. non-
previewed) and temporal order (intact vs. scrambled). Our analyses demonstrated a striking 
dissociation in the activation profile of left and right hemisphere RLPFC regions. Left RLPFC 
showed greater activity for temporally scrambled photo sequences relative to intact event 
sequences, but only when the photo sequences were being experienced for the first time. Since 
temporal order violations in such sequences could not be detected based on comparison with 
one’s memory-derived expectations, this result suggests that left RLPFC may play a role in 
evaluating whether each successive photo is consistent with one’s schema for how events of the 
type depicted tend to unfold. Interestingly, right RLPFC also showed greater activation for 
scrambled than intact photo sequences, but only when the sequences had been pre-exposed. This 
suggests a role in monitoring for a memory-based prediction error (i.e., detecting when the photo 
sequence was inconsistent with the way it was experienced the prior day). Taken together, this 
dissociation provides evidence that left and right RLPFC may be sensitive to distinct facets of 
temporal order violations and may contribute in different ways during autobiographical memory 
retrieval. 
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Abstract: Background: Meditation has been described as training in awareness, which produces 
definite changes in perception, attention and cognition. This study aimed at mapping the neural 
correlates of working memory before and after the practice of meditation. 
Materials and Methods: Fifty healthy male participants with age ranging from 18 to 35 years 
were recruited for this study (mean age ± SD was 27.1 ± 5.8 years). Participants with at least one 
year of meditation experience were enrolled for the study. This study was conducted at a 
residential yoga university where subjects were assessed in a self as control pre-post design and 
were randomly tested for meditation (Cyclic meditation) and control sessions (supine rest) on 
two separate days. 
Electroencephalography (EEG) was recorded using a standard 128 Channel EEG system while 
performing a Visual N back task. Event related potentials (ERP) were derived and source 
estimates were mapped using standard protocols. Accuracy of the responses and reaction times 
were included for analysis. 
Results: Reaction times were significantly lower and accuracy on the task was significantly 
higher following the practice of meditation. Subjects exhibited shorter latencies and significantly 
higher N100 and P300 amplitudes following the practice of meditation. sLORETA constraint 
was used for source estimation. The regions of highest activation were Fusiform gyrus, 
parahippocampal gyrus, middle occipital gyrus and the Uncus. 
Conclusion: These findings suggest the role of meditation practice in facilitating sustained 
attention, visuo-spatial processing and executive functions. 
Keywords: Meditation, Visual N back, N100, P300, working memory 
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Abstract: Memories that arise without retrieval effort, or involuntary memories, are an 
important and frequent form of autobiographical memory and when disrupted, can be an 
important symptom of mental disorders like post-traumatic stress disorder. Previous work has 
shown increased activity in the medial temporal lobes and frontoparietal regions during the 
encoding of items that are later remembered voluntarily compared to those that are not. These 
effects are referred to as difference due to memory effects (DM). Further, it has been shown that 
during the encoding of emotionally negative film clips, there is increased activity in regions 
typically associated with emotion processing, like the amygdala and the rostral anterior cingulate 
cortex, during the viewing of scenes that are later recalled involuntarily compared to those that 
are not. However, the majority of involuntary memories experienced in people without mental 
disorders are emotionally neutral or even positive. An analyses of DM effects that predict the 
occurrence of involuntary memories across a range of emotional valence levels would allow us 
to predict these vital memories. To do this, during encoding in the MR scanner, sounds were 
paired with pictures from the IAPS dataset with emotional valence ratings ranging from neutral 
to negative. During retrieval in the MR scanner, participants heard the sounds and did an 
unrelated sound laterality judgment. After the retrieval scan, participants heard the sounds and 
determined whether its associated picture had been involuntarily recalled during the retrieval 
scan. As a control condition, unpaired sounds were also presented during encoding and retrieval. 
Only paired sounds that elicited an involuntary memory during the retrieval scan and unpaired 
sounds that did not elicit a memory were analyzed. A whole-brain searchlight MVPA was 
performed on the encoding data. A classifier was trained to differentiate between remembered 
paired sounds and not-remembered unpaired sounds. The classifier correctly differentiated 



between remembered and not remembered trials 65% of the time. Pattern differences between 
these two conditions were in the supramarginal gyrus, thalamus, insula, caudate, posterior 
cingulate cortices, bilateral somatosensory cortex, and cerebellum. The involvement of the 
supramarginal gyrus, thalamus, and insula is consistent with previous work that has shown DM 
effects in these regions for voluntary memories. Differences in these regions may suggest that 
items that are associated with more elaborative encoding are more likely to be remembered 
involuntarily than those that are not. 
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Abstract: The sampling of visual information is assumed to be discrete rather than continuous 
(VanRullen & Koch, 2003). Empirical work suggests that the visual system samples the 
environment at 7-12 Hz, possibly clocked by alpha oscillations (VanRullen et al., 2011). This 
relatively slow sampling period at 80-140 ms seems at odds with the remarkably fast processing 
speed of the visual system. For instance, it has been demonstrated that the visual system can 
distill meaning from images presented for only 13 ms (Potter et al., 2014). This conundrum could 
partly be resolved if saccades are locked to the phase of ongoing visual oscillations, as 
investigated in this study. 
We simultaneously recorded MEG and eye tracking data from 36 healthy participants during a 
free viewing encoding task of natural pictures. Memory was subsequently tested in order to 
classify the encoding trials as ‘later remembered’ versus ‘later forgotten’. MEG data were 



aligned to the onset of saccades. Analyses of inter-trial coherence revealed significantly higher 
phase-locking in the alpha (8-12 Hz) band prior to saccades for later remembered vs. later 
forgotten pictures. The source of this effect was localized to the parieto-occipital cortex. 
Intracranial data recorded directly from the occipital and parietal cortex of epilepsy patients 
provided converging results. Additionally, fMRI data was collected to investigate saccade-
related, hippocampal activation and connectivity with the parieto-occipital cortex during 
successful memory formation. 
The study provides evidence that saccadic eye-movements and brain oscillations are coordinated, 
and demonstrates that this coordination determines what the brain encodes. Specifically, our 
results suggest that saccades are timed to the dynamic state of the brain, such that the new retinal 
inputs are temporally aligned to the ‘optimal’ phase of the alpha rhythm. Concurrent connectivity 
analyses of source-level MEG and fMRI data will provide first insights into the communication 
between the visual system and the hippocampus during memory formation, and how this 
communication is modulated by saccadic eye movements. 
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Abstract: Autobiographical reasoning is important in constructing stories about the self and 
one's life. Previous studies have demonstrated that the self-referential processing such as 



autobiographical reasoning enhances the memory encoding (SRE: self-reference effect). 
However, little is known about the age-dependent changes of neural mechanisms underlying 
SRE by autobiographical reasoning. The current fMRI study investigated this issue. In this study, 
we employed 25 healthy young (10 females, mean age: 21.4) and 22 healthy older adults (12 
females, mean age: 65.8). During encoding with fMRI, participants were presented with pictures 
selected from IAPS, and were required to view them in two conditions. One condition was the 
self-related reasoning (Self), in which participants viewed pictures by projecting themselves onto 
the pictures, whereas in the other condition, participants viewed target pictures by a third 
person's view such as TV shows or newspapers (Other: other-related reasoning). During retrieval 
without fMRI, participants recognized whether the pictures were old or new with high and low 
confidence. All encoding trials were categorized into Hit including subsequent hits with high 
confidence, and Miss including subsequent hits with low confidence and misses with high and 
low confidence in each of Self and Other. In behavioral data, both young and older adults 
remembered targets more accurately in Self than in Other, but the enhancing effect was larger in 
young adults than in older adults. In fMRI data, successful encoding activations (Hit vs. Miss) in 
the hippocampus were significantly decreased by the effect of aging. In addition, the 
dorsomedial prefrontal cortices (dmPFC) showed age-related decrease of activations in Self-Hit 
vs. Other-Hit, but no age-related difference of dmPFC activations was found in Self-Miss vs. 
Other-Miss. In the gPPI analyses for young adults, functional connectivity between the dmPFC 
and hippocampus in Self-Hit was correlated with individual scores of Hit rates, whereas older 
adults did not show the correlation. These findings suggest that SRE by autobiographical 
reasoning could be reduced by aging, and the age-related declines of SRE could reflect lower 
functional connectivity between the dmPFC and hippocampus in older adults. 
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Abstract: Since 2009, the swap model has been the prevailing account of inter-item interference 
in continuous-report tests of working memory. A "swap" is defined as a misbinding of item 
features that causes a subject to report the feature value for the wrong item when probed. An 
alternative account proposes that instead of inducing swaps, non-target items exert a more subtle 
pull of the target feature value in the direction of the non-target value, with a magnitude 
dependent on the distance between the target and non-target values. This effect has been termed 
"attraction." For the first time in humans, we find evidence of a serial dependence in responses 
on a test of spatial working memory (the classic oculomotor delayed-response task), consistent 
with the attraction account. Specifically, the response on each trial is pulled a few degrees in the 
direction of the previous trial's stimulus (now a non-target) as a function of the distance between 
the two stimuli. This serial dependence is clearly present in each of our three subjects. The 
magnitude of the effect grows with memory delay up to about six seconds. We develop a novel 
formal model to account for the attraction effect and demonstrate that it provides a far better fit 
to the data than the swap model. Furthermore, the attraction model fully accounts for what has 
been considered the smoking gun of the swap phenomenon: a central tendency in the deviation 
of responses from non-target values. As the second stage of our modeling effort, we review 
evidence that speaks to the neural basis of the identified attractive serial dependence, and 
formulate a framework for moving from an abstract mathematical model to a concrete neural 
one. 

Disclosures:  D. Bliss: None. M. D'Esposito: None. 

Poster 

744. Human Cognition and Memory V 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 744.16/KKK4 

Topic: H.02. Human Cognition and Behavior 

Support: The John Templeton Foundation, Grant # 36751 

 The John Templeton Foundation, Grant # 57876 

 Intel Corporation 

Title: Blast from the past: Episodic memory supports working memory maintenance 

Authors: *A. NOVICK, A. M. BORNSTEIN, K. A. NORMAN, J. D. COHEN;  
Princeton Neurosci. Inst., Princeton Univ., Princeton, NJ 



Abstract: Humans rely on multiple types of memory to make decisions. In particular, when an 
item must be remembered, it can be committed to working memory (WM) for active 
maintenance or episodic memory (EM) for later retrieval. Traditionally these have been 
considered in isolation of one another. For example, short term retention in the absence of 
distraction is often assumed to rely on WM function. However, it is possible periodic retrievals 
from EM also contribute to retention. In addition to being an important strategy in normal 
function, this has the potential to complicate interpretations of mechanisms underlying behavior 
in WM tasks. Here, we provide evidence that EM affects behavior in simple WM tasks, even 
when WM is not disrupted. 
To establish a marker for EM retrieval, 94 subjects studied multiple word lists, with each list 
associated with its own unique “context” picture. These words were later used as targets in a 
simple WM task: subjects first saw a target set composed of 4 words drawn from one of the lists; 
after an 18 second retention interval, a probe word appeared and subjects were asked whether the 
probe was not a member of the target set. 
Given the short interval and the absence of overt distractions, it would ordinarily be assumed 
subjects perform the task by actively maintaining targets in WM, without reliance on EM. To test 
this, we investigated if presenting target words from a list triggers retrieval of the context (from 
EM) in which the list was studied, thus impacting performance. If context is not retrieved from 
EM, there should be no difference in responses to lures from the same context and distractors 
from other contexts. In contrast, if context is retrieved, it could assist in identifying targets and 
rejecting words from inconsistent contexts, and interfere with rejection of “lure” words from the 
same context as the targets. 
We found same-context lures significantly slowed RT relative to different-context probes. This 
behavioral result suggests information retrieved from EM can affect participants’ WM task 
performance. 
To further test this hypothesis, we used MVPA on fMRI data to track reinstatement of the 
individual context images during retention intervals of the WM task. Reinstatement of target 
context correlated with RT to probes. On lure trials, this correlation was positive, indicating 
context information shared between targets and lures was distracting; on different context trials, 
this correlation was negative, indicating inconsistent context information between targets and 
different context words facilitated rejection. These fMRI results also support the hypothesis that 
EM retrievals occur during WM maintenance and impact performance in WM tasks. 
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Abstract: The objective of our experiments was to investigate the effects causal role of neural 
synchrony between visual and auditory processing regions on associative memory formation for 
multi sensory events. 
Multisensory episodic memories rely on successfully binding elements that are processed in 
separate, specialised brain regions. The formation of episodic memories is thought to rely on the 
synchronization between distant brain regions in the theta frequency band. However, causal 
evidence for this idea from humans is missing. To provide such evidence we developed a novel 
multisensory memory paradigm where participants encode sound-movie associations. 
Modulating the luminance and amplitude of the videos and sounds independently allowed us to 
control the degree of phase synchrony between the auditory and visual cortex. We then further 
show in two experiments that memory for the sound-movie associations differs drastically 
depending on the degree of inter-sensory phase synchrony. 
In the first experiment, in the encoding phase, all participants were shown short (3-second) 
videos that were luminance modified with a 4 Hz sine wave, with an accompanying audio clip 
that had been amplitude modulated with a 4 Hz sine wave. The phase offset (i.e., synchrony) 
between the audio clip and the video was 0, 90, 180, or 270 degrees. In a second experiment, the 
videos and sounds were modulated at 4 Hz, 1.7 Hz (delta), and 10.5 Hz (alpha). On each trial, 
participants rated how well the audio clip suited the contents of the video clip. Each of six blocks 
contained 16 audio-video pairings (four at each phase angle), and was followed by a brief 
distractor task and an associative recognition test. 
Associations were better remembered in the synchronous compared to the asynchronous 
condition. This effect was specific to theta (i.e. 4Hz) and did not occur in a faster (10.5 Hz) or 
slower frequency (1.7 Hz). These findings suggest that episodic memory formation in humans 
relies on a theta specific synchronization mechanism. 
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Abstract: In this study, we investigated the mechanism of comprehending teacher’s explanation 
by utilizing intersubject correlation (ISC) analysis of students’ brain activity. ISC is calculated 
by utilizing general linear model (GLM) with one subject’s brain activity as a model to see how 
similar the other subject’s brain activity was. 
Twenty-four right handed subjects participated in the experiment (one female, aged 21.3 ± 0.17 
years, mean ± SD). Half of the subjects (N=12) listened to the explanation of a teacher about 
basic probability statistics in the recorded video. Another half listened to the equivalent 
explanation performed by another teacher in the recorded video. The hemodynamic responses in 
the bilateral cortical areas (9 x 9 square cm area each) were recorded by using 48-ch functional 
near-infrared spectroscopy (fNIRS) during explanation. The sampling frequency was 10 Hz. 
After the recording, the subject continuously (10 Hz) scored the rating of comprehensibility of 
the explanation by watching the movie again (0 - 100). The measured brain activity was analyzed 
by ISC analysis between two subjects who listened to the same teacher or different teachers. We 
also calculated Pearson’s correlation between the ISC and the subjective rating of 
comprehensibility. 
The ISC analysis showed significant ISCs in the right dorsolateral prefrontal cortex (DLPFC) 
(ch-38, BA9: t (24) = 1.83), the middle temporal gyrus (ch-46, BA21: t(24)=3.70), and the 
frontal eye field (ch-31, BA8: t(24) = 1.71). Among those, the right DLPFC showed a significant 
difference in ISCs between the subjects who listened to the same teacher and the subjects who 
listened to the different teachers (ch-38: t (24) = 1.78, p<0.05). The correlation analysis between 
the ISC and the subjective rating showed significant correlations at the left premotor cortex (ch-
6, BA6: r=0.24, p<0.05) and the left angular gyrus (ch-21, BA39: r=0.17, p<0.05). 
These results suggest that DLPFC is involved in comprehending teacher’s explanation, by 
playing a role as working memory to translate verbal information into abstract numerical 



representation, which likely covariates among students who listened to the same teacher’s 
explanation. 
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Title: Reward and salience determine the precision of working memory encoding with different 
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Abstract: The general abundance of sensory information requires the brain to prioritize and 
select subsets of information for further processing and storage in working memory. Stimulus 
salience and reward expectations influence this prioritization but the underlying mechanisms are 
not well understood. We hypothesized that selective attention might act as a gating mechanism at 
the interface between sensory codes and memory storage. When multiple stimuli compete for 
representation in working memory, selective attention could bias this competition and affect the 
quality of memory encoding. Such a gating mechanism would furthermore have little effect on 
working memory during memory maintenance or retrieval. We tested the selective attentional 
gating hypothesis by investigating how stimulus saliency (contrast) and reward expectancy 
determine the precision of visual working-memory representations. Participants remembered the 



orientation of three Gabor patches shown for 3s, and reproduced the orientation of one of them 
after a 2s memory interval. Reward expectancy was manipulated with color cues that indicated 
the amount of potential reward but had no predictive value about which stimulus would be 
probed. Bottom-up salience was modulated by changing stimulus contrast. Reward cues only 
affected memory precision when they were presented during the encoding phase of the task, not 
during maintenance or retrieval. Previously learned non-predictive color-reward associations had 
a similar effect on memory precision, but it gradually weakened over time. These reward-based 
priority effects required relatively long stimulus presentations as they disappeared when we 
shortened the encoding phase from 3s to 300ms. Interestingly, the influence of stimulus contrast 
on memory precision was oppositely related to encoding duration, with memory precision being 
affected with short but not with longer stimulus presentations. Our results provide new insight 
into how memory resources are flexibly distributed over potential memory targets, with selective 
attention acting as a dynamic gating mechanism at the interface between sensory and memory 
systems. 
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Abstract: Phasic dopaminergic signals are thought to track the degree to which actual outcomes 
are different from what was expected (a “reward prediction error” signal). These signals are 
critical for trial-and-error learning in the striatum. However, similar dopaminergic signals project 
to the hippocampus (Shohamy & Adcock, 2010), suggesting that prediction errors might 
influence the formation of episodic memories as well. Recent theoretical work has suggested that 
large prediction errors may serve to fractionate the stream of experience into separate memory 
traces (Gershman, Radulescu, Norman & Niv, 2014). Here we test the ensuing prediction that 



more distinct traces will be formed in environments with higher risk (and therefore, larger 
prediction errors), leading to better memory fidelity. N=200 participants learned from trial and 
error which of two types of pictures, indoor or outdoor scenes, leads to higher rewards. Pictures 
were presented within two different contexts (‘rooms’), with each room associated with a 
different degree of reward variance (risk) but matched in mean value, such that the rewards 
associated with pictures in one room gave rise to higher prediction errors than in the other room. 
On each trial, participants were shown an image, entered an estimate of how much that type of 
scene (indoor or outdoor) is worth on average, and were then re-presented with the image along 
with its reward. Participants learned the values for the scenes better in the low-risk than in the 
high-risk room, although they optimally reduced their learning rate in the high-risk environment. 
Conversely, a recognition test revealed that memory for high-risk scenes was better than that for 
low-risk, and that this effect was largely driven by better memory for images for which there was 
a greater absolute (or unsigned) prediction error at reward outcome. This finding suggests that 
enhanced memory for extreme outcomes (Ludvig et al., J Beh Dec Making, 2014) may actually 
be modulated by an absolute prediction error signal during learning. Current work is assessing 
whether reactivation of memories encoded at reward outcome (and within different ‘risk’ 
contexts) differentially biases decisions. 
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Abstract: Many studies have examined object knowledge by studying the neural representation 
of object categories (e.g., tools versus animals), which often broadly differ on coarse features, 
such as shape, size, and texture. However, little is known about the neural mechanisms for 
encoding the fine-grained semantic attributes of specific objects within a semantic category. For 



example, how do we know that a red apple is conceptually more similar to a green apple than to 
a blue apple? Here, we address this question by using a novel stimulus set that allowed us to 
leverage the natural statistics of object color information to investigate a neural code for object 
meaning. In an fMRI experiment, 16 subjects viewed images of objects that were systematically 
manipulated in color while performing an unrelated object detection task. The stimuli included 
three sets of specific objects (apples, leaves, and roses). The objects were each presented in five 
different colors (red, pink, blue, green, and yellow). For each object set, we created a semantic-
similarity model based on the co-occurrence frequencies of color-object combinations from a 
large lexical corpus. This model predicts that “red apple” and “green apple” would have more 
similar neural representations than “red apple” and “pink apple” in brain regions that code high-
level semantic information about objects. The semantic-similarity models were unique for each 
object category, and were orthogonal to perceptual models for shape or color similarity alone. 
Using representational similarity analysis of the multi-voxel patterns, we found that perirhinal 
cortex was the only region that significantly correlated with the semantic-similarity model 
(p<0.01). Next, we proposed that a key function of the semantic codes in this region is to provide 
a common understanding of object meaning across individuals. This predicts a specific 
functional architecture: neural codes in this region should be structured to provide a common 
ground between observers of the visual world. For example, a typical object like “red apple” 
should have a more similar neural instantiation across individuals than a less typical object like 
“blue apple.” To test this hypothesis, we hyper-aligned each subject’s data to a common, high-
dimensional space (Haxby et al., 2011). Indeed, we found that perirhinal cortex was unique in 
containing population codes for which inter-subject similarity correlated with object typicality 
(p<0.01). Our results suggest that perirhinal cortex encodes high-level object knowledge and 
may instantiate a neural “common ground” for object meaning across individuals. 
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Abstract: Numerous functional magnetic resonance imaging (fMRI) episodic memory studies 
demonstrate that contrasting correctly recognized studied items (HIT) against correctly rejected 
novel items (CR), known as "Retrieval success effect", yields activation in distributed brain 
regions, including prefrontal, parietal, striatal and other regions. However, whether the 
interactivity of these distributed networks solely reflects retrieval judgment or goal-related 
decision has not been investigated thoroughly. We conducted fMRI studies using episodic 
Old/New recognition tasks to investigate the functional connectivity patterns within the ‘retrieval 
success’ networks during different recognition processes (HIT vs. CR) and manipulated the 
motivational significance of episodic memory decisions (i.e., performance-linked monetary 
reward and feedback). Nineteen participants judged whether each serially presented word is old 
(studied in encoding sessions) or new (never seen before) during retrieval. For the initial two 
runs, there was neither monetary reward nor performance feedback. For the last two runs, on the 
other hand, either correct "Old" or "New" responses were potentially rewarded in HIT-Incentive 
or CR-Incentive runs, respectively. Non-directional F test across the factors (Incentive condition 
× Feedback presence) revealed significant activations in several brain regions, including 
prefrontal, caudate, parietal and other regions, from which the task-dependent time-series were 
extracted. Pairwise cross-correlation coefficients of the extracted time-series across the networks 
were analyzed using functional connectivity multivariate pattern analyses (fcMVPA) with a 
linear support vector machine algorithm. The classification between HIT vs. CR iterated as a 
function of number of features included, and the peak accuracy (95%) was achieved. In addition, 
to explore how the connectivity patterns within retrieval success networks differ as a function of 
goal-dependent response type, fcMVPA were again applied in run 3 and 4, which showed peak 
accuracies of 95 to 100%. More importantly, connectivity patterns obtained during Incentive 
conditions in both runs (HIT-Incentive in run 3, CR-Incentive in run 4) showed similarly greater 
connectivity across the networks compared to standard responses in No-Incentive runs. These 
findings demonstrate that patterns of functional connectivity across nodes, previously known as 
retrieval success networks, reflect goal-congruent interactivity independent of the status of 
memory probes and suggest that participants preferentially construe HIT as intrinsically potential 
reward. 
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Abstract: In recent years, research in the area of visual working memory has followed a few 
fixed avenues. One of the most influential formulations focuses on the capacity of visual 
working memory (VWM), an area which has been dominated by slot based frameworks (e.g., 
fixed slots, dynamic resource allocation with variable precision, etc.) (Luck et al., 1997; Ma et 
al., 2014). Interestingly, the debate has largely been within this paradigm. Research on capacity 
has largely progressed without a firm model of the actual content of working memory, relying 
rather on vague ideas of representation. Although it is widely held that attention acts as a gate to 
working memory, the actual mechanism of such a function largely remains elusive. In the current 
work we have developed an integrative account of visual working memory and attention. We 
have placed our model within the larger context of the selective tuning model of visual 
processing (Tsotsos et al., 2014) due to its comprehensive, biologically plausible, and 
computationally extensible framework. The content of VWM is the attentional sample collected 
by the visual processing hierarchy, and the capacity is determined by the resolution of the 
attentional sample and the computational constraints which apply to its subsequent maintenance 
in VWM (for instance during serial recall). Our model makes a number of predictions, including 
that the variability of working memory capacity in change detection experiments is determined 
by the physical size of the visual display. We have confirmed this prediction with a 
psychophysical experiment in which subjects performed a change detection task on a display 
which varied between 10x10 degrees to 12x12 degrees, and set sizes of objects varied between 2, 
4 and 6. The idea of a fixed number of slots, and thus capacity, was originally supported by the 
poor performance at set sizes higher than 4 in working memory tasks (Cowan et. al., 2001). Our 
results show that for the larger display, change detection accuracy for 6 items was 15% greater 
than what was reported in Luck et. al. (1997), which is clearly outside what was traditionally 
considered the working memory capacity limit (Cowan et. al., 2001). Thus, we demonstrate that 
there is a display size dependency of performance which a classic slot view of working memory 
capacity cannot account for. Overall, we posit that the current framework provides a way to 



break out of the slot based idea for working memory and move towards a more integrative 
approach to visual processing in general. 
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Abstract: Fear conditioning in lab environments has proven to be an effective method when 
studying autonomic responses to threat. However the role of immersion has not been extensively 
researched in fear conditioning and extinction. Here we tested whether fear conditioning of 
virtual characters in an immersive virtual reality environment using head mounted display 
(HMD) was enhanced relative to fear conditioning in a lab environment using a traditional 
computer monitor. In both settings, one virtual character was displayed at a proximal and another 
character at a distant egocentric location, while being followed by the delivery of a mild electric 
shock (CS+). Two distance matched control stimuli were never paired with shock (CS-). Skin 
conductance responses (SCRs) were used as conditioning index. Results showed that proximal 
characters elicited greater SCRs than distant characters both when using immersive virtual reality 
and when using computer display. However, proximity enhancement of SCRs was greater in the 
virtual reality setting than in the lab setting. During fear conditioning CS differentiation was 
reduced at proximal location due to enhanced responding to the CS-, indicating slowed safety 
learning at proximal location. This effect was observed using either of the two display settings. 
Fear was extinguished to a similar degree when using immersive virtual reality and computer 
display. Results suggest that cued fear learning is similar when cues are displayed in immersed 
virtual reality as when cues are displayed at a computer monitor, but that distance manipulations 
have a greater effect on autonomic responses in immersive virtual reality. 
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Abstract: Bringing to mind details from the past is often associated with the re-engagement of 
the same cortical regions that were involved when those details were initially perceived. Given 
this common substrate, how are we nonetheless able to distinguish internally and externally 
generated information? Here we explore the hypothesis that even if retrieval and perception 
share content, the neural sources of these representations differ, and thus measuring network 
engagement for these two processes might allow us to properly attribute our experience. To 
identify these divergent networks, we used full correlation matrix analysis (FCMA) — an 
unbiased, optimized technique for computing and decoding all pairwise correlations in the brain. 
In our study, 24 participants were trained to associate unique pairs of images (one face with one 
scene per pair) and were then presented with blocks of either face or scene images during fMRI. 
In the Perceive condition, they performed a male/female judgment on face images or a 
building/nature judgment on scene images. In the Retrieve condition, they performed the same 
set of judgments on the same sequences of images, but rather than judging the presented images, 
they judged the associated images from the other category based on memory. This design 
allowed us to hold visual stimulation constant while varying demands on internal vs. external 
processing. Applying a machine learning classifier to the full correlation matrix from each block, 
we were able to robustly decode with greater than 80% accuracy whether the block was from the 
Perceive or Retrieve condition. FCMA could also be used to identify voxels and regions whose 
connectivity with other regions was particularly informative. Moreover, the decoding and 
localization results could be compared with more traditional, activity-based multivariate pattern 
analysis (MVPA) approaches, and with behavior in the different tasks. The results provide 
insight into how the same representational space can be used by both internally and externally 
driven processes without necessarily leading to failures of reality monitoring. More generally, 
they highlight the value of quantifying cognitive processes in terms of connectivity patterns, in 



addition to activity patterns and overall activity, when seeking to understand brain mechanisms 
and dynamics. 
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Abstract: Statistical learning allows learners to discover structure in the environment, as occurs 
during speech segmentation. Statistical learning may be divided into at least two dissociable 
components, perceptual binding of individual stimulus units (e.g., syllables) into integrated items 
(e.g., words), and encoding of these extracted items into long-term memory. Previous studies 
have generally focused on the outcome of statistical learning by assessing performance on post-
learning tasks, and thus have not dissociated these two components. The goal of the present 
study was to characterize the perceptual component of statistical learning, examining whether 
differences in learners’ online perception of input predicts performance on post-exposure 
learning tasks. Participants were exposed to streams of repeating trisyllabic nonsense words 
(“structured” condition) and of randomly concatenated syllables (“random” condition). Online 
learning was indexed by an EEG-based measure that quantified neural entrainment at the 
frequency of the repeating words, reflecting whether learners subjectively experienced individual 
elements or integrated items as the basic perceptual units of the speech stream. After exposure, 
statistical learning was assessed offline using both an explicit rating task and a reaction-time 
task. In the structured condition, neural entrainment to the trisyllabic words (1) was higher than 
in the random condition, (2) increased as a function of exposure and, (3) predicted performance 
on the post-exposure reaction time task. Unexpectedly, neural entrainment to trisyllables in the 
random condition also predicted post-exposure task performance. These results suggest that 
neural measures are sensitive to an individual’s ability to seek out underlying patterns in the 
environment, which is a key predictor of statistical learning success. Our findings also provide 
evidence that the perceptual binding of individual stimuli into integrated items is a critical 



component of statistical learning and an important source of variability in statistical learning 
performance. 
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Abstract: Lateral parietal cortex, specifically angular gyrus (ANG), has consistently been 
implicated in long-term memory retrieval: activity in ANG increases with vivid remembering, 
and the contents of reactivated memories can be decoded from ANG activity patterns. However, 
understanding the functional significance and nature of memory reactivation within ANG 
remains an important objective. For example, does reactivation within ANG functionally differ 
from reactivation in occipito-temporal cortex (OTC)? Here, we addressed this issue by asking 
whether reactivation in ANG and OTC predicts retrieval-induced strengthening or modification 
of memories. We conducted a three-phase fMRI experiment. In phase 1 (learning phase), 
subjects studied associations between words and pictures of faces, scenes, or objects. During 
phase 2 (retrieval practice), half of the previously learned words were presented alone and 
subjects retrieved the picture associated with each word. Words were presented three times each 
and subjects rated the vividness of the retrieved memory on each trial. In the final phase (test 
phase), which took place outside of the scanner, subjects were tested on their recognition 
memory for pictures. There were three types of test pictures: novel, studied, and critical ‘lure’ 
pictures that were perceptually similar and conceptually identical to the studied pictures. For 
each picture, subjects indicated whether it was ‘old’ or ‘new’ and how confident they were. 
Behavioral results indicated that retrieval practice increased recognition accuracy for the 
pictures, but that higher accuracy occurred via an increase in hit rate and false alarms (with the 
increase in hit rate being larger). This effect was particularly evident when subjects reported high 
vividness during retrieval practice. Consistent with prior findings, vivid remembering (during 



retrieval practice) was associated with higher univariate activation and pattern-based reactivation 
in ANG and OTC. However, reactivation in ANG vs. OTC differentially predicted performance 
on the post-test: reactivation in OTC—but not ANG—was associated with a reduced rate of false 
alarms to critical lures. Thus, while activation and pattern-based information in ANG strongly 
scaled with vivid remembering, ANG reactivation did not protect against the increased false 
alarm rate that was associated with retrieval practice. These findings suggest that ANG 
representations are more likely to be gist-based or semantic in nature than representations in 
OTC and that by separately considering reactivation in each region, predictions can be made 
about how the act of retrieval influences a memory. 
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Abstract: We demonstrate how a computational model can predict single-trial behavior for 
individual participants completing a numerical comparison task. Participants performed a non-
symbolic numerical comparison task while reaction time, response, and electrophysiological 
(EEG) data were recorded. Mean ERP amplitude within the time window of 280-380ms was 
extracted for each trial. Consistent with existing literature on numerical processing we find a 
distance effect with both behavioral and neural measures. Participant accuracy correlated 
positively with the proportional distance between the two values being compared. We also found 
a significant correlation between parietal ERP amplitude (P3 and P7 channels) and the distance 
between the comparisons being made. We then used a multilayered dynamical systems model 
with evolutionary algorithm updating to predict behavior for each participants performance on a 
trial-by-trial basis. Each participant’s data was modeled with an independent instantiation of the 
model. The initial model training included the first two thirds of each participant’s data. Model 
input included trial response, reaction time and average ERP amplitudes for parietal channels. 



The training comprised of multiple generations of an evolutionary algorithm in which model 
specifications were adjusted to best fit the individual participant’s data. Accuracy in initial model 
fit to individual participant responses ranged from 82% to 95%. Accuracy for reaction time fit 
ranged from a mean deviation of 150ms to 400ms. The best fit model specifications for each 
participant were then used to predict novel data, the remaining 1/3 of trials. The computational 
models were able to generalize to novel data as well as data used for the initial optimization. We 
discuss leveraging individualized prediction of on number comparison performance to symbolic 
arithmetic tasks, an important educational and developmental outcome. 
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Title: Characterizing parietal memory network responses under incidental memory task 
conditions in highly-sampled individual subjects using fMRI 
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Abstract: Recently, a sparse network of regions in parietal cortex has been associated with 
encoding and retrieval processes in human long-term memory. Activity within this “parietal 
memory network” (PMN) appears to follow three main response patterns depending on one’s 
history with a given stimulus (Gilmore et al., 2015): 1) PMN regions deactivate relative to a 
resting baseline for newly-encountered stimuli (as during a typical study phase); 2) PMN regions 
show repetition enhancement effects (i.e., increase in activity) across item repetitions; 3) PMN 
regions activate above resting baseline levels for stimuli that have been observed multiple times 
(as during a typical retrieval phase). BOLD responses in PMN regions are thought to reflect the 
degree to which a stimulus is perceived to be novel or familiar, though the relative contributions 
of familiarity per se and of attention to that familiarity are not yet well understood. In part, this is 
because our understanding of the PMN is based on explicit memory experiments, in which 
subjects are required to either intentionally encode information in preparation for a later test, or 
are explicitly directed to orient to their history with a given item. The degree to which the PMN 
responds similarly under incidental memory conditions—in which no direct test of memory is 
conducted—is unknown, and may be helpful in understanding how different processes affect 
PMN activity. This was explored in the present work. 
Ten highly-sampled subjects underwent fMRI scanning across ten different days. Each day, 
subjects performed an incidental memory task, in which they were instructed to make semantic 
decisions about stimuli that appeared multiple times in the course of a single session (e.g., 
whether a word referred to an abstract or concrete concept). Sufficient data were collected to 
conduct analyses on the level of individual subjects. Whole brain voxelwise analyses of BOLD 
activity associated with different stimulus presentations revealed regions exhibiting both 
repetition enhancement and repetition priming. Targeted interrogation of PMN regions revealed 
that they deactivated as predicted during initial stimulus presentations, and also showed 
repetition enhancement across subsequent presentations. However, PMN regions did not activate 
above baseline for familiar stimuli, and instead remained near baseline activity levels. 
The current data suggest that processes related to stimulus salience or attentional capture may 
account for repetition enhancement above baseline in PMN regions, whereas processes driven by 
novelty or familiarity can produce deactivation and lesser degrees of repetition enhancement. 
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Abstract: Creative cognition is commonly agreed to play an essential role in the development of 
human civilization <and> cultural life. With use of recent neuroimaging techniques, 
neuroscientists of creative cognition have been studying on creative insight <and> domain-
general/specific creative thoughts. However, an insight-specific network <and> its individual 
difference of broad-age ranged adults have been rarely investigated using both structural <and> 
functional neuroimaging techniques. Here, we focused on large-scale network associated with 
insight problem solving. We defined insight problem solving as including three characters: i) a 
solver needs to discover a single solution with convergent thinking, ii) a solver needs to change 
representation of a problem, iii) a solver suddenly moves from a state of not knowing a solution 
to a state of knowing a solution. We conducted an MRI experiment (T1-weighted image <and> 
10-min resting-state fMRI scanning) <and> multimodal behavioral experiments to measure the 
cognitive function on 101 healthy subjects ranged in age from twenties to sixties. In the Voxel-
Based Morphometry analysis of the T1-weighted images (76 participants), we identified seed 
brain regions where the gray-matter volume (GMV) were positively correlated with scores of 
insight. We applied the seed-based functional connectivity analysis of resting state fMRI to 
whole brain voxels. We found that the GMV in the bilateral precunei, the right middle cingulate 
cortex (R-MCC), the right superior parietal lobule (R-SPL) <and> the left middle temporal gyrus 
(L-MTG) were positively correlated with IPS score. According to the obtained seed regions, we 
extracted a task-positive network consisting of precunei, MCC, <and> superior frontal gyrus 
(SFG), <and> a task-negative network consisting of left MTG, superior temporal gyrus (STG), 
insula, right MTG, right fusiform, STG <and> bilateral precunei. This is the first study to 
identify the large-scale networks associated with creative insight. Our results support that 
individual creative insight ability was correlated with altered GMV involved in cognitive control 
regions, <and> that the insight score was associated with the strength of resting state functional 



connectivity between the precunei <and> other brain regions related to default mode or language 
processing. These findings are comparable to the previously reported studies on the creative 
cognition such as domain-general creative thought. 
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Abstract: Head motion is a pernicious problem for analyses involving resting state functional 
correlation (RSFC) data. Motion-related effects include motion outlier spikes directly associated 
with small motions and global artifacts found in greater abundance in scans with frequent 
movements. Because these artifacts produce systematic and spurious positive correlations, 
differences can arise when groups systematically differ with regard to these artifacts. While 
many have accepted the spiking artifact and have taken steps to address this (e.g. removal of 
affected frames, “scrubbing”), many still have yet to concede the importance of the global 
artifacts, in part because of potentially important global signal differences at the individual or 
group level. 
In an attempt to address effects at a subject level we created two subgroups (N=25 each) from 



the HCP database of RSFC data. All subjects had two separate sessions of resting state functional 
imaging (RSFC). For the LL group, both scans were associated with low amounts of motion. For 
the LH group, one scan had relatively low motion, the other had significant motion. The main 
assessment was the number of statistical differences between cells in the adjacency matrices sets 
of scans. We then assessed the effects, both across groups and within each of the two groups, 
when applying different combinations of scrubbing and global signal noise reduction algorithms. 
When comparing the lowest of the LL sessions with the high motion session of the LH group, 
thousands of differences were found. Removal of high motion frames (scrubbing), decreased the 
difference by about 29%, GSR by about 71%, and the combination about 77%. Similar 
measurements within the LH group were 28%, 87% and 90% respectively. Comparing the matrix 
effects for the between and within conditions showed considerable similarity: matrices correlate 
at 0.6. 
Thus, the great bulk of the differences found in uncleaned data are due to artifact, and group and 
individual differences must be viewed with extreme caution when either or both GSR and motion 
scrubbing are not performed. 
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Abstract: Currently there is a surge in interest on research into the effect of binaural beats on 
cognitive functions. This review summarizes the results of studies on the effect of binaural beats 
on cognitive functions. Binaural beats have been shown to improve phase synchronization which 
is vital for cognitive processes. Binaural beats in the alpha (10 Hz) and theta (4 Hz) frequency 
range enhanced alpha-band oscillation synchrony between the auditory cortices during auditory 
stimulation (Solca et al., 2016). Also an increased temporo-lateral phase synchronization was 
observed due to 5Hz binaural-beat stimulation (Becher et al., 2015). Like wise, they have been 
shown to enhance attention.On a global local task listening to Gamma frequency binaural beats 
produced more attentional focussing(Colzato et al., 2015).In another study, Gamma frequency 
binaural beats eliminated the Attentional Blink, but only in individuals with low spontaneous 



eye-blink rates (Reedijk et al., 2015). Similarly, individuals with low Eye Blink Rates mostly 
benefitted on task requiring creativity (Alternate uses task) from alpha binaural beat stimulation, 
while individuals with high Eye Blink Rates were unaffected or even impaired by both alpha and 
gamma binaural beats (Reedijk et al., 2013). Ultrashort duration of presentation (2 min)of steady 
state binaural beats were not sufficient to alter vigilance or entrain cortical frequencies at the two 
bands examined Theta (7 Hz) and Beta (16 Hz) in a study by Goodin et al. (2012).In a study by 
Kennel et al., (2010), listening to the binaural beats participants reported subjectively 
experiencing less problems associated with inattention during the study period. Auditory 
stimulation over a long time at a frequency of 5 Hz(theta) increased the capacity of immediate 
verbal memory(Ortiz et al., 2008). However with 7hz theta frequency for only a single session of 
30 minutes showed decrease in immediate verbal memory recall (Wahbeh et al., 2007). In a 
study by Lane et al. (1998) listening to Binaural beta beats while performing visual vigilance 
task improved performance .Overall, the results of the studies on the effect of binaural beats on 
cognitive functions look positive. However , conflicting findings in some studies seem to be due 
to individual variations or predispositions of the study participants and the duration of 
application of binaural beats . More studies have to be done taking these factors into 
consideration to study effectively the influence of binaural beats on various cognitive functions. 
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Abstract: Lasting cognitive and behavioral effects of Traumatic Brain Injuries (TBI) are 
common among post-deployment military Veterans who have suffered head injuries. Such 



symptoms are related to the presence of diffuse axonal injury resulting from shearing forces; this 
damage impairs normal communication between distant brain regions, effectively disrupting 
brain networks critical for cognitive function. However, studying how TBI disrupts brain 
networks has been challenging due to inter-individual variability in both the injuries sustained 
and the networks themselves. Recent work by Laumann et al. (2015) has demonstrated that the 
brain networks of individuals can be characterized with high fidelity if many hours of resting 
state functional connectivity MRI (rs-fcMRI) data are collected in each individual. This work 
found that the functional network organization of individual brains are significantly more 
complex than group-average networks. Here, we apply a similar high-data rs-fcMRI approach to 
study TBI-related effects on brain networks. We collected 2-3 hours of rs-fcMRI data from 5 US 
Military Veterans with a history of TBI (four with mild TBI only; one with moderate TBI) and 
from 2 Veterans with no TBI history. Functional connectivity analyses characterized both the 
spatial topographies of brain networks and the strength of functional connections within and 
between those networks. Similar to Laumann et al (2015), all subjects’ individualized brain 
networks contained small network pieces that did not correspond to any network features present 
in group average data. Notably, network maps of TBI patients were not systematically different 
from those of either non-TBI Veterans or healthy non-Veteran individuals. However, the 
magnitudes of both positive and negative functional connections between and within networks 
were reduced in the TBI patients compared to the non-TBI participants. These results suggest 
that TBI-induced disruption of white matter may reduce absolute functional connectivity 
strength, but leave network shapes unchanged. More broadly, these results indicate the 
possibility that the individual-specific spatial topographies of functional brain networks may be 
relatively insensitive to damage that impairs connectivity within and between these networks. 
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Title: Deep dynamic phenotyping of the individual: tracking within-subject variability in social 
and emotional behavioral profiles using smartphones 
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Abstract: Extensive longitudinal phenotyping in the individual creates novel opportunities to 
measure physiology and brain states in relation to real world changes in social and emotional 
behavior. To explore this possibility, we tailored a custom smartphone research platform called 
Beiwe (Onnela & Rauch, 2016) to capture shifts in behavior and psychological state. Information 
about movement was passively captured using the phone’s accelerometer, about location using 
GPS, bluetooth, and wifi, and about social interactions using text and call logs. In addition to 
these passive measures, participants completed 37 daily questions related to their physical, 
emotional, and social experiences that day. These combined measures allowed detailed 
monitoring of four individual participant’s daily changes over a period of four months in mood, 
stress levels, energy, appetite, physical activity, and social engagement. Data-driven analysis 
techniques probed the relationships between measures within and across data types. Results 
revealed meaningful relationships between measures, such as the clustering of self-reported 
affect by valence and subject-specific relationships between affective states and social behaviors, 
suggesting that real daily changes in psychological state are captured. This information provides 
measurement of idiosyncratic psychological profiles. One of the primary purposes of this 
endeavor is to serve as a proof-of-concept of intensive daily behavioral probes. We found that 
subjects were able to maintain a high rate of compliance, supporting the feasibility of such a 
paradigm moving forward. Parallel work will integrate these behavioral and psychological 
measures with functional MRI data on the same individuals to examine day-to-day shifts in the 
organization of functional brain networks in healthy individuals, as well as individuals under 
stress, suffering from mood disorders, and at different points across the developmental course. 
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Abstract: Longitudinal studies of neural circuit changes in individuals suffering from bipolar 
disorder are essential to advance our understanding of this inherently unstable condition, which 
has typically been studied in cross-sectional cohorts comparing groups with illness to controls. 
Until recently, longitudinal brain imaging coupled with dense behavioral characterization was 
not feasible due to the high burden of scanning and phenotyping instruments that depend on 
office visits. Smartphones are now ubiquitous devices for behavioral data acquisition in 
naturalistic settings, and together with the technological refinements in accelerated brain 
imaging, allow for these crucial studies to proceed. Here we describe a pilot study to collect 
behavioral, hormonal and anatomical / functional MRI changes at a time-scale during which 
significant fluctuations in mood and cognition are likely to occur in individuals with severe 
mental illness. Allostatic and homeostatic mechanisms at play within the medial frontal cortex, 
hippocampus, and related limbic structures could impinge upon the anatomy and functional 



architecture of these systems, allowing us to characterize biological dynamics that underlie 
changes in mood and cognition. In four adults with a psychotic disorder (bipolar disorder with 
psychosis, schizoaffective disorder or schizophrenia), a brief core battery of functional tasks was 
acquired on separate days simultaneously with physiological measures (heart rate, respiration, 
GSR) and eyetracking (pupil size, position, eye closures). Visuomotor (120s), face matching 
(120s), rule switching (108s), 2-back (108s), mental rotation (108s) microtasks and a passive 
fixation "rest" (844s spread over two runs) task were collected. Simultaneous multi-slice 
sequences were used (Siemens 3T Prisma, SMS=5, TE=32.6ms, TR=1.0s, vox=2.4mm). 
Scanning was spaced over one year (up to 15 sessions per participants), with adaptive MRI 
sampling to more densely capture any changes in brain anatomy or function around periods of 
illness fluctuation. We found that patients remained compliant with daily surveys and monthly 
scan protocols even during periods of low mood and motivation. Relationships between 
smartphone-derived metrics of mood, energy, and cognition were examined in relation to 
menstrual cycle, periods of exogenous stress, and changes in treatments. These studies 
demonstrate proof-of-concept for applying a deep dynamic phenotyping approach in individuals 
with severe mental illness, suggesting a powerful novel paradigm for evaluating the effects of 
interventions on brain structure and function, and ultimately behavior. 
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Abstract: Objective of the study: 
The corpus callosum is the largest white matter tract in the human brain. Its main function is the 
integration of sensory, motor and cognitive information between the two hemispheres. 
Interestingly, interhemispheric communication during demanding cognitive tasks shows 



pronounced inter-individual variation. The molecular mechanisms underlying these differences 
between individuals are largely unknown. Since the speed of axonal conduction depends on both 
the diameter of the axon and its myelination, genes involved in myelination are likely to 
influence the speed of interhemispheric integration. The aim of the present study was to 
investigate the role of allelic variations in myelin genes on interhemispheric integration. 
Materials and Methods: 
Overall, 453 healthy adults were genotyped for 18 single nucleotide polymorphisms (SNPs) in 
six myelin-related candidate genes (PLP1, GPM6A, MOG, MBP, CNTN1 and MOBP). To 
understand the possible genetic impact of these myelin genes on interhemispheric integration, the 
Banich-Belger Task, a widely used behavioral paradigm to assess interhemispheric integration, 
was used. 
Results: 
We replicated the typical pattern of results in the Banich-Belger Task, supporting the idea that 
performance on cognitively demanding tasks is enhanced when cognitive processing is 
distributed across the two hemispheres. Moreover, allelic variations in the proteolipid protein 1 
gene PLP1 and the contactin 1 gene CNTN1 correlated with the extent to which individual 
performance was enhanced by interhemispheric integration. 
Conclusion: 
The results show that allelic variations in PLP1 and CNTN1 modulate the efficacy of 
transcallosal transmission. Genetic variation in myelin genes possibly affects the microstructure 
of the corpus callosum by altering oligodendrocyte structure, in turn modulating 
interhemispheric integration. 
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Abstract: Many questions about behavior and brain function focus on changes over time 
including responses to mood states and stress. Commonly occurring transitions during 
adolescence, in particular when starting college, are periods of high stress and increased risk for 
developing mental illness. 63% of college students say daily stress significantly interferes with 
their work. Thus, it is important to understand how college students adapt to increased academic 
and social pressures, and how brain and behavioral states change over time within individuals in 
response to real-world stressors. Sixteen healthy college students were deeply phenotyped over 
the course of 7 months (1 academic semester and breaks). Participants completed a daily 40 item 
survey about their physical, emotional, and social experiences, including individually tailored 
questions about specific stress-relief behaviors (e.g., eating, exercise, etc.). Objective measures 
of sleep, physical activity, and sociability were measured using an actigraphy monitor and a 
custom smartphone research platform (Beiwe; Onnela & Rauch, 2016). Finally, participants 
completed a brief battery of tasks selected to probe different cognitive domains, including face 
perception, reward, and executive function. To understand how stress-related states affect 
behavior and cognitive performance, participants completed the battery before and after real-
world stressors, specifically the days immediately surrounding difficult exams for a total of 12 
sessions throughout the semester. Results revealed meaningful relationships between measures, 
such as increases in self-reported stress and time spent cramming leading up to exams. 
Additionally, in some subjects, increases in stress and cramming were related to both subjective 
and objective measures of sleep quality, as well as other behaviors. This information provides 
measurement of idiosyncratic psychological profiles. Parallel work will integrate these 
behavioral and psychological measures with functional MRI data on individuals, including those 
enrolled in difficult courses and incoming freshmen as they transition to college, to examine 
stress-related shifts in the organization of functional brain networks and their relationship to real-
world behaviors. Dense longitudinal study of the individual provides a foundation to better 
understand brain states and network interactions that change over time in response to life 
transitions and environmental stressors. 
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Abstract: The past era of human neuroscience has focused on group-averaged data acquired 
from temporarily isolated or sparse samples of the brain and behavior. Mobile aspects of the 
human condition have been underexplored including dynamic responses to transient life 
stressors, illness, administered pharmacology, childbirth and unexplained variation that is 
characteristic of adolescence and mental illness. Research focused on the group also emphasizes 
methods that may miss idiosyncratic features of the individual’s brain and unique path through 
life. In addition to leaving major areas of human neuroscience uncharted, these emphases 
contribute to the challenge of translating functional neuroimaging approaches into clinical tools. 
Recent reports from Chen R et al (2012 Cell) and Poldrack RA et al. (2015 Nat Commun) 
provide proof-of-concept demonstrations that human biology, neuroimaging, and behavior can 
be intensely tracked over extended periods in the individual. Here we expand on these pioneering 
efforts by constructing and demonstrating a platform to extensively study individuals over time 



using a combination of low-burden neuroimaging techniques that employ ‘micro-tasks’ and 
optimized brief acquisition sequences, real-world behavior and sleep tracking using active and 
passive features of smartphones and wearables, measures of hormones through saliva, and daily 
recorded voice diaries. Data and quality control procedures from three initial studies illustrate the 
potential of deep dynamic phenotyping as well as reveal new challenges. New challenges include 
constructing numerous versions of tasks that minimize habituation effects, keeping participants 
engaged, monitoring safety (including monitoring effects on hearing), and maintaining data 
security. We were particularly surprised by the variability in arousal across MRI sessions within 
a participant that may have contributed to miss-estimation of trait-attributed variance in prior 
studies. In addition to initial results, we also illustrate the neuroinformatics tools that have been 
constructed to handle these data which extend from the Brain Genomics Superstruct (GSP) 
project (Holmes et al., 2015 Sci Data) with refactoring to accommodate thousands of data entries 
from a small number of participants in contrast to a small number of data entries from thousands 
of participants. 
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Abstract: The Visual Word Form Area (VWFA) is thought to integrate feed forward visual 
processing with top-down influences from more anterior areas, such as those responsible for 
phonological and semantic processing during written word recognition. Intriguingly, activity in 



the left VWFA is influenced by Stroop interference. In the light of these previous findings, we 
tested whether structural MRI asymmetries in the whole-brain, and in particular in the VWFA, 
would predict inter-individual differences in combatting Stroop interference. To check for the 
specificity of the results, we employed both a verbal Stroop task and a spatial one. Three groups 
(111 healthy young adults; F=80; mean age: 23 years, all right-handed) were scanned with 3T 
MRI at different sites. Surface area estimation and statistical analysis were carried out on T1-
weighted images using an automated surface-based method in FreeSurfer. Participants’ 
hemispheres were registered to a symmetric template (smoothing: 15 mm FWHM) and a 
Laterality Index (LI) for the area of each vertex was computed for each participant. The 
correlation of the cortical area LI with a Stroop interference measure (RT incongruent-
congruent) was assessed at each vertex by means of a general linear model with a whole-brain 
non-parametric cluster-based multiple comparisons correction, after adding 3 covariates coding 
for the different sites. The results showed that an asymmetrically more pronounced surface area 
on the left hemisphere in a cluster including the VWFA was significantly correlated with lower 
Stroop interference in the verbal task only. These results confirm and extend previous functional 
MRI findings, by showing a role of the VWFA for higher-level processes based on word reading, 
including the suppression of word reading when this is required by the task. In particular the 
findings show that individuals with more left-lateralized VWFA have an advantage in 
combatting verbal Stroop interference suggesting, on the flip side, that a bigger VWFA on the 
right hemisphere may be detrimental for this process. 
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Abstract: Numerous investigations into resting state functional MRI (fMRI) have provided 
converging group-level descriptions of functional brain organization at the systems levels. 
Recent work from our lab has revealed that functional systems defined in one highly sampled 
individual contain distinct topological features that deviate from the group-level systems 
description (Laumann et al., 2015. Neuron). We describe these features as topological variants. 
Here, we extend our investigation of individual differences in functional brain organization to a 
new data set of 10 highly sampled young adults for whom 5 hours of resting state fMRI were 
collected (see Nelson et. al.). Analyzing 9 of the subjects with sufficient high-quality data we 
find that topological variants are present in all individuals. Further, we demonstrate that these 
variants are reliably observed in each subject across ten independent 30-minute fMRI sessions. 
Topological variants occur commonly in certain regions of cortex, for instance near the frontal 
operculum and the temporo-parietal junction, and rarely occur in other regions, such as primary 
sensorimotor, auditory, and posterior cingulate cortex. Moreover, we show that there are 
stereotypic patterns of topological variants, i.e. sets of variants that tend to co-occur across 
individuals. However, the functional systems to which variants are assigned appear to vary 
across individuals, even for variants that occur in the same anatomical location. Our preliminary 
findings suggest that topological variants are reliable components of adult functional brain 
organization at the individual-level. Future work in larger groups of subjects will help determine 
the full distribution of topological variants across healthy individuals. 
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Abstract: A repertoire of individually variable patterns of functional connectivity (FC) 
underpins a broad set of individual patterns of human behavior and cognition. However, to date 
most neuroimaging studies have focused on consistent patterns in group-averaged functional 
connectivity (FC) and related graph measures. Lately, two new avenues have appeared in the 
field of functional connectomics. First, several studies have examined markers of individual 
variability using functional connectivity. Second, a different set of studies revealed significant 
dynamical variations within the same session challenging the static view of functional 
connectivity. In the present study we used both static and dynamical functional connectivity 
approaches to study the individual functional connectome. We aimed for two main goals. First, 
we set out to determine the minimal number of brain regions required to identify individual 
subjects (the minimal FC fingerprint). Second, we characterized different profiles of the intra-
inter network functional connectivity the fingerprints across time. Forty subjects underwent two 
sessions of resting fMRI separated one month apart. Using standard preprocessing steps FC was 
measured for each subject as the Pearson pair-wise correlation of regional time series. Each 
matrix was reshaped into a vector containing the individual pattern of connectivity for each 
session. We then assessed the similarity across session computing the similarity amongst those 
vectors. These analyses were conducted under a wide range of parcellations (~48-2000 nodes) as 
well as different voxel resolution (2-4-8 mm). Finally, we implemented a simulated annealing 
optimization algorithm to determine the minimal FC fingerprint in seven resting state networks. 
In addition to static FC analysis, a temporal characterization was performed using windowed 
patterns. We found that the frontoparietal network contains network markers that allow 
identification of individuals with 100% accuracy, with lower levels of accuracy found in other 
networks. We also found that this fingerprint was expressed at different levels across time. Our 
study could be useful for characterizing individual differences in brain networks and in future 
applications in personalized connectomics. 
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Abstract: Right middle/inferior frontal gyrus activation has been linked to “attentional effort”, 
the motivated recruitment of attention and cognitive control. Parallel rodent and human studies 
suggest that cholinergic inputs to right PFC make a critical contribution to the increased 
activation seen in human fMRI studies during demands on attention (see Lustig & Sarter, in 
press, for a recent view). We previously reported that a genetic polymorphism thought to reduce 
cholinergic efficiency (Ile89Val variant of the presynaptic choline transporter gene, rs1013940) 
was associated with reduced right PFC activation during a perceptual-attentional challenge 
(Berry et al., 2015). Here we report secondary analyses more closely examining the relationship 
of right PFC activation and connectivity to behavior. In contrast to controls, Ile89Val 
participants failed to activate right PFC in response to a perceptual-attentional challenge. 
Moreover, in a sizable proportion of participants (30%), the right PFC not only failed to activate 
but activity in this region decreased below levels observed in the absence of such a challenge. 
For Ile89Val participants, reduced or reversed right PFC activation was associated with reduced 
performance, specifically an increase in false alarms and in response-time variability during 
correct rejections. Reduced right PFC activation during the challenge condition also correlated 
with self-report measures of real-world distractibility.  Together, these results suggest that 
reduced cholinergic function and right PFC activation lead to a decrease in attentional effort in 
challenging conditions, and instead an increased reliance on bottom-up salience. 
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Abstract: There is growing evidence for modules in anatomical networks of neural populations 
and brain regions. Modular organization is also found in functional networks, in which 
connectivity is defined based on statistical dependencies between neuronal or regional activities. 
In such functional networks derived from human functional magnetic resonance imaging, 
individual variability in modularity exhibits possible relationships with variations in 
demographics and behavioral performance. In parallel, recent studies have demonstrated that 
functional networks during resting state vary on a time scale of tens of seconds. However, little is 
known about fluctuations of modularity in time-varying networks, as well as their relation to 
individual variations in modularity measured over longer time scales. In the present study, we 
relate individual variations and dynamic fluctuations of modularity and investigate connectivity 
patterns during periods of high and low modularity. Data were derived from a part of the 



enhanced Nathan Kline Institute-Rockland Sample (NKI: n = 80, 18-30 years) and the Human 
Connectome Project (HCP: n = 84, 22-35 years). Time series were averaged within each cortical 
region in a functional (NKI: 113 regions) and an anatomical parcellation (HCP: 114 regions). 
The Pearson correlation was used as a metric of functional connectivity. Time-resolved 
functional connectivity was estimated using a sliding-window approach. Modularity was 
quantified using a quality function maximized by a community detection algorithm. Periods of 
high and low modularity were determined based on null distributions of fluctuations in 
modularity amplitude. We found that individual differences in modularity across subjects 
persisted across multiple resting-state sessions. In subjects exhibiting high modularity over 
longer time scales, time-resolved functional connectivity showed highly modular network 
structure more frequently. Time-resolved functional networks observed during periods of high 
modularity exhibited greater similarity to each other, compared to periods of low modularity. 
The high/low modular state centroid exhibited lower/higher similarity to structural connectivity, 
respectively, indicating that connectivity patterns averaged within periods of low modularity 
more closely reflect connectivity patterns of anatomical networks. Taken together, these results 
suggest that (long time scale) individual variations and (short time scale) fluctuations of 
modularity are interrelated, wherein the dynamics of modularity emerge from fluctuations 
around relatively uniform to structurally-based variable connectivity patterns. 
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Abstract: Most studies of human brain anatomy have identified differences and patterns across 
groups of individuals. They have yielded important insights into the general properties of brain 
morphometry, trajectories through development, and group differences. However, changes that 
occur within individuals throughout development have not been studied and are typically 
considered too small to detect (e.g., developmental changes in cortical thickness are ~40µm/yr). 
The primary goal of the present work is to explore a method for detecting subtle changes in brain 
morphometry within an individual over a short period of time. The central idea is to take 
advantage of the extensive scanning we have recently conducted in four individuals to examine 
the limits of anatomical estimation. During each of 24 sessions per participant, a T1-weighted 
ME-MPRAGE image was acquired (Siemens 3T Prisma, TR=2.2s, TI=1.1s, TE=1.57ms to 
7.03ms, FA=7°, vox=1.2mm, FOV=230mm). The structural images were analyzed using 
FreeSurfer 4.5.0. Error estimates were calculated by comparing estimates from independent data 
sets acquired within the same individual on separate days. Estimates of brain morphometry based 
on individual structural images resulted in typical error terms. As examples, the mean error in 
cortical thickness for a region of middle frontal gyrus was ~50µm (2.0%) and in volume for the 
thalamus was ~160mm3 (2.0%). However, when we implemented cluster scanning (i.e., the 
acquisition of multiple images over a short period of time followed by averaging the estimates), 
the error decreased dramatically. The error in middle frontal gyrus decreased to ~12µm (0.5%) 
when averaging the estimates from 12 images (~30min total scanning); the error in thalamic 
volume decreased to ~40mm3 (0.5%). Global cortical thickness could be estimated with a 
precision of ~5µm. We believe the high level of precision results from combining three factors: 
(1) sampling the cortical ribbon over thousands of voxels per image, (2) minimizing anatomical 
blurring by acquiring brief individual acquisitions, and (3) sqrt n signal averaging afforded by 
combing multiple estimates. Cluster scanning may be a fruitful method for detecting subtle 
changes in brain anatomy within an individual. The method may be particularly useful in the 
context of development (e.g., thinning of the cortical sheet during adolescence) or disease (e.g., 
accelerated atrophy due to dementia). 
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Abstract: Previous research demonstrated that variations of diverse brain characteristics like 
gray and white matter volume predict differences in fluid intelligence. Studies employing graph 
theory to analyze the brain's structural and functional network connectivity found that 
individuals with pronounced fluid intelligence show higher values with regard to global 
efficiency. It is reasonable to assume that the aforementioned brain characteristics are correlated 
with each other. Therefore, we used an integrative approach to identify the unique contributions 
from each of the different brain characteristics in predicting fluid intelligence. 
We measured fluid intelligence in a sample of 120 healthy participants by conducting a non-
verbal intelligence test (BOMAT). In addition to that, we used MRI, DTI and resting-state fMRI 
measurements to examine the following brain characteristics: gray matter volume (GMV), white 
matter volume (WMV), structural and functional network connectivity (NET DTI & NET REST) 
as indexed by global efficiency, a measure yielded by graph theory. Using multiple regression 
analysis, we searched for unique contributions from each of the different brain characteristics in 
predicting fluid intelligence. 
As expected, statistical analyses showed that GMV (r = .34, p < .001), WMV (r = .19, p = .03), 
NET DTI (r = .23, p = .01) and NET REST (r = .28, p = .002) are significantly correlated with 
fluid intelligence. Importantly, we found significant correlations between GMV and all other 
brain characteristics as well (r = .27 - .78, p < .01). Therefore, we performed a multiple 
regression analysis with GMV, WMV, NET DTI and NET REST as the independent variables 
and fluid intelligence as the dependent variable. Surprisingly, only GMV and NET REST 
provided unique contributions to the prediction of fluid intelligence (GMV, ß = .36, p = .03; 
NET REST, ß = .20, p = .03; other brain characteristics, p > .31). The pattern remained stable 
when controlling for the effects of age and gender. 
In the past, brain characteristics predicting fluid intelligence were investigated independently of 
one another. Our work features an integrative approach that highlights the important interplay of 
such brain characteristics. Our results show that the influence of certain brain characteristics on 
fluid intelligence like WMV and NET DTI is scaled down heavily when examined in 



combination with other brain characteristics like GMV and NET REST. Therefore, we conclude 
that gray matter volume and functional connectivity play major roles in the neural composition 
of fluid intelligence, whereas white matter volume and structural connectivity appear to have no 
unique contribution. 
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Abstract: Until recently, functional neuroimaging research has focused almost exclusively on 
studies of groups, not individuals, largely because the noise properties of the blood-oxygen level 
dependent (BOLD) signal require large amounts of data. Thus, the majority of functional 
neuroimaging studies have produced functional maps of an important research construct: the 



group-average brain. While we have learned a great deal about the central tendencies of human 
brain organization from studies of group-averaged BOLD data, knowing more about the 
functional network organization of individual humans will be important in considering how 
neuroscience can contribute to the treatment of neuropsychiatric disorders. Laumann et al. 
(2015) produced the first high-fidelity individual functional network map by analyzing many 
hours of resting state functional connectivity MRI (rs-fcMRI) data collected on a single 
individual. They validated their single subject network map by annotating it with task-based 
fMRI data from the same individual and by comparing it to an existing group-averaged 
functional network map. This work provided a proof-of-principle for functional neuroimaging in 
individuals. Here, we present 10 subsequent high-fidelity individual network maps (5 F) based 
on 5 hours of rs-fcMRI, 10 hours of task-based fMRI and 5 hours of structural MRI data, per 
subject. This study verified and generalized the findings reported by Laumann et al. First, we 
found that the functional connectivity matrix of each individual was relatively stable across 
scanning sessions. We also observed that the functional organization of each individual brain 
was significantly more complex and detail-rich than the group-average map, even in our 
demographically homogenous sample of 10 healthy young adults (age 24-34). Using this subject-
specific approach, we were able to identify new common network pieces, obscured in group-
averaged data, most likely because of their smaller size. For example, in individuals we found 
that small regions in bilateral frontal cortex belong to the visual network. Although the focus 
here is on newly discovered network pieces common to all, similar analyses using the same set 
of data are investigating inter-individual variants in topology (see Seitzman et al.).High-fidelity 
functional network mapping will enable us to study single individuals with rare brain lesions, 
disorders or cognitive skills that might hold important clues about fundamental principles of 
human brain organization. Repeatedly scanning individuals also points out a straightforward path 
towards developing sensitive and specific functional neurodiagnostics. 
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Abstract: Signals from sensory half-fields are processed separately in the two hemispheres of 
our brain but give rise to a coherent percept due to interhemispheric integration. Previous 
research indicates that functional communication between the two hemispheres is modulated by 
the microstructure of the corpus callosum (CC). DTI fractional anisotropy (FA) can be 
considered as the most commonly used measure to describe the tissue microstructure of human 
white matter. However, physiological factors determining this anisotropy are not fully 
understood. Since CC fibers are strictly oriented in the left-right direction and do not show any 
crossings, this structure provides an excellent opportunity to study the influence of axon density 
and myelination on FA. 
We acquired brain images from 218 healthy participants using four different MRI protocols. A 
high-resolution structural image was used to determine anatomical landmarks as seed regions for 
fiber-tractography. Further, a DTI measurement in combination with probabilistic fiber tracking 
was used to precisely define twelve different CC segments interconnecting homotopic regions of 
visual, parietal, temporal, somatomotor and frontal areas. Average FA values were computed for 
each segment. In addition to this, multi-shell NODDI and GRASE protocols were used in order 
to examine the axon density and myelination of the respective CC segments. 
Statistical analyses showed a posterior-to-anterior gradient for axon density and myelination of 
callosal fibers. Further, we performed PCA analyses for each of the three white matter properties 
and found that the FA, axon density and myelination values of all CC segments could always be 
grouped into three components. Visual and parietal segments highly loaded on the first 
component, temporal and somatomotor segments on the second component and frontal segments 
on the third component. Additionally, we correlated the FA, axon density and myelination values 
of each CC segment with each other and found a constant positive association between the three 
white matter properties (r = .17 - .51, p < .01). Finally, we performed multiple-regression 
analyses to demonstrate that the average FA value of a given CC segment can be predicted more 
precisely by its axon density (ß = .29 - .48, p < .01) than its myelination (ß = .01 - .21, p > .07). 
Our study is the first to examine the in vivo distribution of axon density and myelination of 
human callosal fibers. Importantly, we demonstrated that in a highly coherent white matter 
structure like the CC axon density had a stronger contribution on anisotropic diffusion than 
myelination. 
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Abstract: We all vary in our mental health, even among “healthy” non-diagnosed individuals. 
To better understand the large-scale network mechanisms underlying this variability in mental 
health we examined the relationship between mental health symptoms and functional 
connectivity patterns in cognitive control systems. The frontoparietal cognitive control system 
consists of flexible hubs that can regulate distributed systems depending on current goals and 
dysfunction in the frontoparietal network (FPN) has been identified in a variety of psychiatric 
disorders. Alterations in FPN connectivity may influence mental health by disrupting the ability 
to regulate symptoms in a goal-directed manner. This suggests that the FPN may play an 
important role in the promotion and maintenance of mental health. We tested the hypothesis that 
disruptions in FPN connectivity are related to mental health symptoms. Previous studies have 
found differences in activity and connectivity of brain networks between healthy controls and 
individuals diagnosed with psychiatric disorders. Importantly, we examined this association in a 
non-medicated, non-diagnosed population of young adults. We collected data from 73 young 
adults, with participants completing the Center for Epidemiologic Studies Depression Scale 
Revised (CESD-R) and a resting-state fMRI scan. Functional connectivity (FC) was calculated 
between a standard set of functionally defined regions throughout the brain. Global brain 
connectivity (GBC) was calculated as the mean of FC values for each node (excluding nodes 
assigned to the same functional network). We found a significant negative correlation between 
GBC in the FPN and depression symptoms. This suggests that decreased connectivity between 
the FPN and the rest of the brain is related to increased symptoms of depression. In order to 
determine which specific connections were influenced we first used the Human Connectome 
Project as a discovery dataset. We correlated depression and anxiety symptoms with rest FC and 
identified FPN connections to probe in our independent data. Within these FPN connections of 
interest we found significant negative correlations between FPN-visual and FPN-sensorimotor 
connections and depression symptoms. Together these results suggest that decreased global FPN 



connectivity is associated with increased mental health symptoms, and specific connections 
between the FPN and portions of the visual and sensorimotor networks contribute to this 
relationship. This data supports the hypothesis that global FPN connectivity contributes to the 
regulation of mental health symptoms. 
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Abstract: Most studies of human brain function have focused on trait estimates measured at one 
moment in time or a few longitudinal estimates spaced across extended delays. Dynamic 
fluctuations over days, weeks, and months have not been well studied despite a range of 
behavioral effects fluctuating over these timescales. The present work focuses on in-depth, 
longitudinal assessment of behavioral, physiological, and brain dynamics that are tailored to the 
specific network topography and temporal features of an individual. A primary goal is to explore 
the variability of evoked activity and functional coupling that occurs on multiple time scales - 



spanning minutes to months - and their relationship to physiological and behavioral measures 
including autonomic arousal, mood, activity levels, and sleep quality. In 4 female young adults, a 
brief core battery of functional tasks was acquired on separate days simultaneously with 
physiological measures (heart rate, respiration, GSR) and eyetracking (pupil size, position, eye 
closures). Visuomotor (120s), face matching (120s), rule switching (108s), 2-back (108s), mental 
rotation (108s) microtasks and a passive fixation rest (422s) task were collected. Scanning was 
spaced over four months within two dense sampling periods (each period acquired 12 sessions 
spread across 28 days). Stimuli were not repeated across sessions. Across all tasks, simultaneous 
multi-slice sequences were used (Siemens Prisma, SMS=5, TE = 32.6ms, TR=1.0s, 
vox=2.4mm). Task-based and functional connectivity analyses revealed both stable and unstable 
features of brain activity patterns at a regional and network level within a task type across 
sessions. Dynamic functional connectivity analysis showed unique day-to-day signatures of state 
expression that were related to the differences in the static maps. The variability in magnitude 
estimates, frequency differences in functional configuration expression, and shifts in the 
temporal ordering of brain patterns will be linked to ongoing passive and active data collection. 
The focus on dense longitudinal study of the individual may provide a foundation to better 
understand brain states and network interactions that change over time including fluctuations in 
mood, addiction, and responses to stressful life events. 
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Title: Deep dynamic phenotyping of the individual: mapping idiosyncratic features of network 
and regional architecture 
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Abstract: There is growing interest in mapping the detailed functional architecture of 
individuals for clinical purposes (e.g., presurgical planning) as well as for discovery. In 
particular, while group-averaged data have been a tremendous engine for discovery of broad 
organizational properties, between-subject blurring and dependence on central tendencies may 
obscure organizational details. Here we analyzed the detailed organization of within-subject data 
collected over many sessions. In addition to 24 core sessions that collected a limited set of 
functional tasks, four extended sessions were acquired for in depth localization of functional 
regions. These sessions included many different tasks selected to probe domains that 
preferentially activate distinct brain regions including: motor topography, retinotopy, sentence 
reading, word classification, working memory (n-back), judgments of remembering, visuomotor 
response, emotional face perception, theory-of-mind, social movie viewing, mental rotation, and 
task switching. Extensive resting-state (passive fixation) data were also available for network 
estimation. The resulting maps were found to be reliable estimates of each individual’s task 
active and resting-state networks. When individual participant maps were compared with group-
averaged maps of the same task contrasts, differences in functional organization were clearly 
observed that could not be fully explained by registration or anatomical differences. In addition, 
large-scale intrinsic connectivity networks were found to contain heterogeneous subregions at 
the individual subject level, with some group-wise canonical networks being divisible into two or 
more networks based on functional connectivity. One prominent example occurs at or near the 
posterior cingulate. These results provide insight into how an individual’s functional 
organization differs from that derived from group-average approaches to brain mapping. Parallel 
ongoing work is applying these insights to understand how an individual’s functional 
organization varies day-to-day in healthy subjects, as well as individuals under stress and 
suffering from mood disorders. 
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Abstract: An integral aspect of cognitive control is the ability to flexibility switch our attention 
between competing streams of information, and to do so seamlessly. This seemingly effortless 
skill belies the multitude of necessary processing steps along with the many brain regions 
involved. This results in a small but consistent switch cost, observable as delays in response time 
and as extra activity in the frontoparietal network. The switch cost is influenced by the presence 
of distracting, incongruent stimuli and whether the current task requires the same or a different 
motor response to the last. We sought - using high-density electroencephalography and blind 
source separation - to demonstrate that individuals are differentially affected by switching, 
incongruency, and response-switching, and that these differences are associated with functional 
variations in network processing. Ten neurologically-normal adults completed four separate task-
switching sessions while being recorded with a 256-electrode EEG cap. Reaction time data 
demonstrated that faster responders were also more accurate, indicating there may be a spectrum 
of network efficiency. Surprisingly, not everyone exhibited a switch cost, some only had an 
incongruent cost and/or response-switch cost. This indicated there may be different aspects of the 
neural network causing the different types of behavioral delays. Independent component analysis 
(ICA) pulled out the activity arising from task-responsive neural sources. Across all individuals, 
frontoparietal regions were the majority of regions involved, such as the superior parietal cortex, 
inferior parietal cortex, middle frontal gyrus, superior temporal gyrus, and cingulate cortex. 
Using a causal inference algorithm to estimate the Markov equivalence class, which takes into 
account the network’s activity as a whole, we determined that task-switching activity initiates in 
the middle frontal gyrus and left superior parietal cortex, passes it onto cingulate cortex, right 
superior parietal cortex, and finishes in middle frontal again as well as precentral (i.e. motor) 
cortex. Overall, switch costs were more strongly associated with parietal activity while 
incongruent delays were more associated with bilateral insular activity whereas response-switch 
costs were associated with less activity in the anterior cingulate. To conclude, individuals do not 
all have switch costs and are predisposed to be affected by different sources of conflict. This is 
most likely arising from differences in the temporal dynamics of the frontoparietal regions 
recruited for processing. 
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Abstract: Most humans have a near-automatic inclination to tap, clap or move to the beat of 
music. The perception of a periodic pulse in a highly complex musical rhythm is remarkable as it 
requires neural abstraction of the temporal structure of the stimulus. It has been suggested that 
nonlinear interactions in neural networks give rise to cortical oscillations at the beat frequency, 
and that entrained oscillation gives rise to the percept of pulse. Here we tested this “neural 
resonance theory” using MEG recordings as individuals listened to rhythmic stimuli. Participants 
listened to 30-second long sequences of complex syncopated drum sounds designed so that they 
contain no energy at the pulse frequency. We analyzed the spectrum of the neural activity while 
listening and compared it to the spectrum of the stimuli. We found neural resonance in auditory 
cortex at the pulse frequency, and showed phase locking to the missing pulse, despite the fact 
that this frequency was absent from the stimulus itself. Moreover, the strength of this response 
correlated with individuals’ ability to tap the pulse of these stimuli, as tested in a follow-up 
session. These findings demonstrate that neural activity at the pulse-frequency in auditory cortex 
is internally generated rather than stimulus-driven, supporting the neural resonance theory. 
Critically, our results suggest that neural entrainment to the pulse is a fundamental dynamical 
mechanism underlying musical skill. 
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Abstract: Sensory, motor and cognitive functions are associated with oscillatory changes within 
task-relevant cortical regions, as well as alterations in functional and effective connectivity 
between those regions associated with neuronal synchronization. Magnetoencephalography 
(MEG) and Electroencephalography (EEG) have shown that brain dynamics within and between 
regions often differ markedly across frequencies, and that brain rhythms often interact across 
widely separated frequency ranges. It has further been reported that cross-frequency interactions 
may play an important role in local processing within thalamus and neocortex, as well as 
information transfer between subcortical and cortico-cortical brain regions. Strong 
commonalities in rhythmic network properties have been observed across recording techniques 
and task demands, but strong neuroscientific theories to situate such observations within a 
unified framework with direct relevance to explain neuropathologies remain scarce. 
A comprehensive review into the animal and human literature indicates a further thinking 
beyond synchrony and connectivity and the readiness for more hypothesis-driven research and 
modeling toward unified principles of thalamo-cortical processing. We further introduced such a 
possible framework: "The ATG switch" (Doesburg et al. 2015). We probed this 
neurophysiological framework to explain how coordinated cross-frequency and interregional 
oscillatory cortical dynamics may underlie typical and atypical brain activation, and the 
formation of distributed functional ensembles supporting cortical networks underpinning 
sensation and cognition. We also discussed evidence that alpha-theta-gamma dynamics emerging 
from thalamocortical interactions may be implicated and disrupted in numerous neurological and 
neuropsychiatric conditions. 
We present a conceptual overview of this framework as a novel plausible mechanism to 
integrating local and large-scale thalamocortical brain networks and discuss its alterations in 
clinical pathologies. 
Ref: Doesburg, Ward and Ribary. Curr. Trends Neurol., 9, 1-12, 2015. 

Disclosures:  U. Ribary: None. S.M. Doesburg: None. L.M. Ward: None. 



Poster 

746. Human Cognition: Temporal Processing II 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 746.04/KKK42 

Topic: H.02. Human Cognition and Behavior 

Title: Hazard rate modulates reaction time to auditory and visual stimuli with complex 
probabilistic structure 

Authors: *M. GRABENHORST, G. MICHALAREAS, C. ABEL, V. DEHMELT, D. 
POEPPEL;  
Neurosci., Max Planck Inst. (MPIEA), Frankfurt, Germany 

Abstract: Anticipating the timing of salient events is required for successful interaction with the 
environment. Temporal cues embedded in visual information are encoded in two processes: 
representing elapsed time and calculating the probability of an event over time - a computation 
termed the hazard rate (HR) (Janssen and Shadlen, 2005). If such a computation is fundamental 
and generic, it should be visible across sensory modalities. Our experimental design is based on 
the rationale that knowledge of temporal stimulus probability (i.e. HR) enables allocation of 
sensory resources which modulates reaction time (RT). In a series of psychophysical 
experiments participants' RTs to auditory and visual stimuli were recorded. The temporal trial 
structure was the same in auditory and visual blocks and consisted of 'ready', 'set' and 'go' cues. 
Time between 'set' and 'go' ('go' time) was a random variable drawn from either a uni- or bimodal 
probability distribution (PD) which was fixed throughout a block. The HRs derived from the two 
PDs were not correlated with each other and were therefore hypothesized to display individual 
patterns of RT modulation. We found that irrespective of the presented PD, mean RT was 
significantly faster in auditory blocks, replicating typical findings in psychophysics (Welford, 
1980). In unimodal blocks RT decreased with longer 'go' times (regression analysis). In bimodal 
blocks RTs were fastest for 'go' times drawn from the second mode. These findings replicate 
results from a similar visual task in macaque (Janssen et al 2005) and humans (Bueti et al, 2010). 
To analyse the relationship between HR and RT we fitted a regression model: The HR 
appropriate for the respective PD modulated RT in both visual and auditory conditions. This 
indicates that participants learned not only the timespan of possible 'go' times but also the 
underlying probabilistic structure encoded in the HR. Our findings suggest that the HR may be a 
basic computation in probability learning in both sensory modalities. 

Disclosures:  M. Grabenhorst: None. G. Michalareas: None. C. Abel: None. V. Dehmelt: 
None. D. Poeppel: None. 



Poster 

746. Human Cognition: Temporal Processing II 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 746.05/KKK43 

Topic: H.02. Human Cognition and Behavior 

Support: CIHR Operating Grant MOP 115043 

Title: Auditory rhythm entrainment relates to prediction of pitch: the role of beta oscillation 

Authors: *L. J. TRAINOR, A. CHANG, K. CLAYWORTH, D. BOSNYAK;  
McMaster Univ., Hamilton, ON, Canada 

Abstract: Neural activity in auditory cortex predicts upcoming dynamic information prior to an 
event’s occurrence, including predicting when (time) an event will occur and what (e.g., pitch) 
will occur. These predictions facilitate perceptual processing. Previous studies have shown that 
the induced power of beta oscillations (15 - 25 Hz) in auditory cortex reflects the characteristic 
of time prediction. Specifically, beta power fluctuations entrain to the rate of a presented 
isochronous tone sequence. However, it is unclear whether the beta oscillations only predict the 
timing of auditory information, or whether they also reflect predictions for the contents of 
auditory information, such as pitch. Our first study used rhythmic auditory oddball sequences to 
show that induced beta power entrainment is modulated after the presentation of an unexpected 
pitch change, even when the change is presented at a predicted time point. This suggests beta 
oscillatory activity is modulated by the prediction error for pitch in additional to entraining to 
rhythm. The second study employed rhythmic auditory oddball sequences with predictable 
versus unpredictable pitch changes (equating change probability) to show that beta oscillation is 
modulated by the prediction to the deviant pitch prior to its onset: (1) larger beta power 
entrainment depth prior to deviant pitches was found in the predictable than unpredictable case, 
(2) predictable deviant pitches evoked smaller P3a amplitude, a late event-related potential 
reflecting exogenous attentional orienting to deviance, than the unpredictable deviant pitches, 
and (3) trial-to-trial analyses showed that beta power entrainment depth was negatively 
correlated with P3a amplitude only in the predictable context. Together, our findings to date 
suggest that in addition to predicting when an event will occur, beta activities also reflect the 
prediction of what will occur. 
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Abstract: The subjective sense of agency (SoA) we experience over our actions and their 
consequences may support goal-directed behavior by reinforcing the causal relationship between 
intentions, actions, and predicted outcomes. One marker of causality is the temporal proximity of 
two events. On this logic, the intentional binding phenomenon, in which voluntary actions and 
their intended consequences are perceived as shifted towards each other in time, is thought to be 
an implicit measure of the SoA. Ongoing debate concerns whether the SoA is primarily a 
prospective phenomenon driven by predictive motor control processes or a retrospective 
phenomenon driven by inferences made after the perception of sensory feedback. Relevant work 
on the functional anatomy supporting these accounts implicates the pre-supplementary motor 
area (preSMA) and inferior parietal regions including the angular gyrus (AG). Yet this evidence 
relied on neuroimaging and offline neurostimulation methods that lack sufficient temporal 
resolution to inspect the interplay between these regions at sub-trial timescales. Chronometric 
TMS promises the appropriate specificity for such investigations. However, the audible clicks 
emitted by TMS discharge and targeting sensorimotor regions would confound the brief (100ms) 
auditory and tactile stimuli traditionally used in intentional binding. Visual stimuli have been 
sparsely used as sensory feedback in this paradigm and the relative effects of visual feedback, 
concurrent visual + auditory feedback, and feedback duration had not been explored. In 
Experiments 1-3 we measured intentional binding of voluntary button presses paired with 
sustained visual feedback (1.5-2.5s) relative to other feedback stimuli. Intentional binding with 
sustained visual feedback did not differ significantly from binding with brief auditory feedback 
(Exp 1, n=21, p=.22) or combined auditory + visual feedback (Exp 3, n=20, p=.62). However, 
binding was significantly diminished with brief visual feedback relative to sustained visual 
feedback (Exp 2, n=22, p=.01). This may be due to the flash-lag effect wherein a flashed visual 
stimulus appears to lag behind a moving stimulus on which it was superimposed, such as the 



revolving clock hand used in this study. Taken together, Experiments 1-3 validated that 
sustained, but not brief, visual feedback evokes intentional binding. Ongoing research 
investigates the effects of chronometric TMS to preSMA and AG during time windows for 
predictive processing and retrospective processing during voluntary actions, allowing us to 
inspect the dynamic contributions of these regions to the SoA in intentional binding. 
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Abstract: Previous studies on meditation have found EEG spectral properties and other features 
suggesting that it may be a state that is distinct from sleep and wake. A number of benefits have 
been claimed by practitioners of meditation which have gained increasing attention over the past 
several decades, with an increase in the number of scientifically controlled studies in recent 
years. In a previous study conducted by our group, a short term performance improvement was 
observed on a psychomotor vigilance task (PVT) in both experienced and novice meditators after 
completing 40 minutes of meditation. In the PVT, mean reaction time (RT) is typically 
calculated based on the responses of subjects to a stimulus. In this current study, a similar 
experiment was conducted on a cohort of 30 subjects wherein the reaction time assessments were 
done before and after 20 minutes of meditation. Mean RT measurements were done using the 
standard PVT-192 monitor. While subjects were meditating, EEG recordings were done using 
Emotiv EPOC wireless EEG systems. All subjects were in the age range of 18-55 years, and 
were recruited at the University of Kentucky through flyers and word of mouth. In a pairwise t-
test, significant improvement was seen in post meditation PVT. Based on the EEG recordings, 
we intend to prepare models for brain activity in novice meditators during meditation, correlating 
spectral power, and other EEG features, to performance measures. Data and results from multiple 
on-going studies will be presented. 
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Abstract: The ability to precisely estimate time intervals is crucial in many aspects of perception 
and action. A recent neuroimaging study suggested that time perception may be mediated by a 
neural population tuned for specific durations: Regions in the right parietal cortex showed 
duration-specific repetition suppression (Hayashi et al., 2015 PLoS Biology). This hypothesis is 
further supported by psychophysical work showing that adaptation to a specific duration 
produces a negative aftereffect: Stimulus durations are over-estimated following exposure to a 
short adaptor and under-estimated following exposure to a long adaptor. Here, we show that 
adaptation to a specific duration produces, not only systematic biases in perceived durations for 
longer and shorter durations than the adaptor, but also improvements of sensitivity for the 
adapted duration. Participants were tested on two perceptual discrimination tasks. On each trial, 
they were presented with an auditory white noise of 500 ms (standard duration) and asked to 
judge if a visual stimulus of variable duration (comparison duration, 200 - 800 ms) was shorter 
or longer than the standard (Experiment 1) or same or different (Experiment 2). In adaptation 
blocks, the perceptual judgments were preceded by an adaptation period in which a visual 
stimulus of 500 ms duration was repeatedly presented. In baseline blocks, the adaptation period 
was absent. We used a cross-modal comparison (auditory standard/visual comparison) so that the 
effects of adaptation would be limited to the comparison stimulus. In both experiments, there 
was no change in the point of subjective equality. However, adaptation resulted in a steeper 
psychophysical function compared to the no-adaptation condition. Moreover, in the same-
different judgment task (Experiment 2), adaptation condition showed a higher accuracy in 
judging the two stimuli as “same” when both stimuli were of 500 ms duration, suggesting that 
repeated exposure to a specific duration produces higher sensitivity for that duration. The 



duration-specific repetition suppression found in the previous neuroimaging study may reflect 
sharpening tuning curves of duration tuned units rather than neural fatigue/saturation. 
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Abstract: Professional athletes like soccer, tennis or baseball players possess superior 
perceptual, predictive and decision-making skills. However, it is unclear what neural systems 
play a role and to what extent they utilize both internally (endogenous) and externally 
(exogenous) generated temporal cues to optimize trajectory prediction of the ball. We subjected 
expert baseball players and controls to task conditions faced while at bat. While observing a 
stimulus moving vertically across a touchscreen towards a visible square target, subjects had to 
predict whether the ball would terminate inside the target prior to the end of its trajectory. 
Endogenous (fixation time) and exogenous (stimulus movement, speed, and expansion) cues 
were varied across all trials. Experts were more successful than controls when temporal cue 
conditions were most challenging. When preparatory time was short, experts allocated 
attentional resources more quickly, as indicated by faster pupillary responses. When stimulus 
speed was fast experts exhibited optimal voluntary saccadic eye movements at the early stage of 
the task. Under both conditions experts exhibited superior performance. Using an fMRI version 
of the task we found good performance was associated with a brain network consisting of 
sensorimotor cortex, inferior parietal lobe and cerebellum. These results indicate that 1) experts 
rely more heavily on endogenous alerting temporal cues than controls, 2) experts utilize 
externally generated cues more efficiently than controls and 3) the cerebellum is critical to 
optimal sub-second trajectory prediction. 
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Abstract: When the listening situation is complex (e.g., when there are many people talking at 
the same time), older adults often complained that it’s difficult to process and comprehend what 
a target talker is saying, even with the normal hearing. Several studies have indicated the 
subjective representation of the sounds delivered to the two ears of a human listener is closely 
associated with the interaural correlation (IAC) and interaural delay of these two-ear sounds. The 
age-related changes in hearing may make it more difficult for older adults to analysis IAC. This 
study compares the cortical processing ability of younger and older adults to processing the 
changes in interaural correlation, by using event-related potential technology. Here we show that 
participants in older group behaviorally responded slower to a change in IAC than those in 
younger group only at large interaural delay (6 ms). However, the response speed of older group 
was the same as those of younger group when the interaural delay is smaller (0 ms, 2 ms and 4 
ms). We then recorded the cortical response to the interaural correlation change using event-
related potentials. On the contrary, our cortical processing records showed that participates in the 
older group had longer P2 latency than those in the younger adults group, even with the smaller 
interaural delay. Accordingly, P2 amplitude of the older group was also smaller than that of the 
younger group. In addition, participates in the older group had larger N1 amplitude than those in 
the younger group. The difference between two age groups increased in proportion to the 
increasing of interaural delay. These results suggest that human’s cortical processing of changes 
in IAC is affected by aging. This age-related deficit appears to be expected as temporal jitter 



(loss of neural synchrony in the auditory system) increases with interaural delay. The 
mismatching between the behavior and cortical results implicated that the perceptual cues could 
help older adults to overcome this deficit to a certain extent, while the test of cortical processing 
could reveal the deficit much earlier and clearer. 
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Abstract: The present study introduces a novel cognitive intervention aimed at improving fluid 
intelligence (Gf), based on what we call the FAST framework: Flexible, Adaptive, Synergistic 
Training. FAST leverages a combination of novel executive function-based training and 
transcranial electrical stimulation, with aims to synergistically activate and strengthen 
mechanisms of cognitive control critical to Gf. The question of whether targeted training of 
cognitive skills can enhance Gf is a topic of intense debate, and is one of substantial practical and 
theoretical importance. This study aimed to assess whether the FAST intervention could lead to 
enhancement of Gf, relative to both a no-contact and an active control condition. To test our 
intervention we collected three Gf measures from 113 participants (BOMAT, Raven’s Advanced 
Progressive Matrices, and matrices similar to those in Raven’s, generated by Sandia labs), prior 
to and following one of three interventions: (1) the FAST intervention, a combination of 30 
minutes of daily training with our novel training game, Robot Factory, and 20 minutes of 



concurrent transcranial random noise stimulation applied to bilateral dorsolateral prefrontal 
cortex, (2) an adaptively difficult active control intervention comprised of visuospatial tasks that 
specifically do not target Gf, or (3) a no-contact control condition. Logistic regression analyses 
of performance at posttest, controlling for pretest performance and age, found that the FAST 
group performed significantly (vs. No-contact) or marginally better (vs. Active Control) in terms 
of number of items answered correctly across all three Gf posttests, and significantly better in 
terms of accuracy (number of correct responses/number of items attempted) against both 
controls. This enhanced performance was found to be driven by significantly better performance 
for FAST in the BOMAT (and to a lesser extent Raven’s), empirically the most difficult of our 
tests, indicating performance improvements from potential transfer may be most apparent on 
more difficult Gf test items. A final analysis of the FAST group alone found a significant 
correlation between progress in Robot Factory and posttest performance, implicating the role of 
FAST training in Gf enhancement. 
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Abstract: Research suggests that HIV impacts the intrinsic connectivity of functional brain 
networks at rest. HIV-related deficits have also been identified within a cortico-striatal-thalamo-
cortical loop that is recruited during rule-based learning, sequence learning, working memory 
and planning. This investigation sought to evaluate whether differences in resting-state 
functional connectivity between 33 HIV-positive (mean age 53.2 years) and 36 HIV-negative 



adults (mean age 56.8 years) predicts global neurocognitive function using functional networks 
derived from independent component analysis (ICA). Resting-state fMRI data was concatenated 
in time across subjects to create a single 4D dataset and decomposed into 30 ICA maps using 
Multivariate Exploratory Linear Optimized Decomposition. ICA components were then 
reconstructed for each subject's 4D data to estimate subject-specific spatial maps using the dual-
regression technique. A total of 15 components were identified as noise and removed. The other 
15 ICA components were matched with previously established networks. Comparisons between 
HIV+ and HIV- controls revealed significant contrasts at the 0.01 level. Of the 15 identified 
components between group differences were observed in the left parietal attention network, left 
ventral attention network, frontal cortical network, sensory-motor network and central executive 
network (CEN). To evaluate whether the functional integrity of the CEN relates to global 
neuropsychological function time courses from seeds within the left and right prefrontal cortex, 
caudate body, and medial dorsal nucleus of the thalamus (MDT) was correlated with individual 
subject-level z-scores. Although left and right prefrontal cortex and caudate body did not 
correlate with global neuropsychological function, connectivity of the right MDT with the CEN 
was negatively associated with neurocognitive function in HIV+ individuals (β = -0.43, p = 0.02) 
while the left MDT showed a positive association for the control group (β = 0.363, p = 0.04). 
After controlling for age, CD4 count and undetectable viral load status right MDT maintained a 
negative correlation with global neuropsychological function in the HIV+ group (β = -0.60, p = 
0.001). This pattern suggests lateralization of MDT recruitment within network designated for 
cognitive task performance. Furthermore, the absence in left MDT recruitment, as it corresponds 
to global neuropsychological function, suggests that HIV alters functional connectivity of the 
CEN. Resting-state connectivity may be a useful biomarker for disorganization of networks that 
contribute to HIV-associated neurocognitive dysfunction. 
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Abstract: Emergency medical personnel must act quickly and effectively, both as individuals 
and as teams. Medical training often includes high-fidelity simulations. However, trainers infer 
competence by observation alone—a challenging task. We designed and are validating our 
system to augment training by Monitoring, Extracting, and Decoding Indicators of Cognitive 
Workload (MEDIC). MEDIC includes: (1) a suite of unobtrusive, field-ready 
neurophysiological, physiological, and behavioral sensors, including a user interface (UI) for 
trainers to enter notes during the scenario on team metrics and when important events occur; (2) 
a Data Processing and Fusion Engine to process and time-align raw data originating from the 
sensor suite; (3) a Data Interpretation Engine to interpret the best indicators of cognitive 
workload and team dynamics; and (4) an after-action review UI to display interpreted human 
states time-aligned with pertinent events that occurred across the scenario. During this validation 
study, teams of three Arizona State University participants completed an obstacle course of 
physical and cognitive challenges including (1) memorizing word lists, (2) balancing moving 
balls on weighted boards, (3) assembling puzzles, (4) passing weighted medicine balls while 
balancing on Bosu balls, (5) completing logic problems, (6) constructing walls using boxes of 
different sizes and weights, and (7) jumping rope in sync with other team members. Our data 
processing and fusion engine de-noises, processes, and time-aligns data from all sensors, then 
pushes data through our data interpretation engine that uses statistical and probabilistic modeling 
techniques to output estimates of individual state (e.g., stress and cognitive workload) and team 
state (e.g., team dynamics). Our next validation is at a simulation center at Vanderbilt Medical 
School where we will collect data on medical residents during high-fidelity simulations. This 
work was supported by the U.S. Army Medical Research and Material Command under Contract 
No. W81XWH-14-C-0018. The views, opinions and/or findings contained in this report are those 
of the author(s) and should not be construed as an official Department of the Army position, 
policy or decision unless so designated by other documentation. 
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Abstract: Background 
Executive function is an umbrella term encompassing subdomanins such as attention, working 
memory and inhibitory control. Recent studies suggest that transcranial direct current stimulation 
(tDCS) targeting the DLPFC modulates these functions, which are disrupted across the 
neuropsychiatric spectrum. In the present study, we investigated the role of tDCS in modulating 
attention and working memory in healthy adults. 
Methods 
In this crossover study, 20 subjects received 3 different tDCS stimulation conditions over 3 
separate visits: Sham, anodal tDCS on the right DLPFC (Anodal Right), and anodal tDCS on the 
left DLPFC (Anodal Left) using 3cm2 Ag/AgCl electrodes. The return electrode (cathode) was 
placed in the contralateral supraorbital region. Participants performed the Flanker and MSIT-
IAPS tasks before and after receiving tDCS. In addition to measuring behavioral responses, we 
recorded EEG and calculated the ERPs over Fz for all tasks. 
Results 
For the Flanker task, we found that Anodal Left stimulation led to a significant increase of P300 
amplitudes for incongruent trials versus Sham, which led to significant amplitude decrease. P300 
amplitude is associated with attention resource allocation during working memory updating; 
larger P300 amplitudes indicate greater attention allocation. This is consistent with the 
behavioral results, which show Anodal Left stimulation led to a significant improvement in 
reaction time (RT) and a nearly significant improvement in accuracy versus Sham, which led to a 
smaller increase in RT and a significant decrease in accuracy. 
In the MSIT-IAPS task, the strongest finding is that Anodal Right and Left stimulation 
significantly increased P600 amplitude versus Sham, which did not have a significant effect. 
P600 is an index of synchronized operation completion after target detection, having much in 
common with working memory operation. This is consistent with the behavioral performance, in 
which Anodal Left stimulation led to a greater improvement in accuracy and RT versus Sham, 
which led to a smaller improvement. 
Conclusions 



Our results show that specific working memory and attention-related ERPs are modulated by 
anodal tDCS applied over DLPFC in healthy adults. This modulation is correlated with an 
improvement in the behavioral performance, suggesting tDCS as a possible method to improve 
executive function. Furthermore, the correlation between behavioral performance and ERP 
modulation presents these ERPs as potential biomarkers and therapeutic targets of executive 
function modulation. 
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Abstract: Domestic violence has increased in Mexico in the last years. Statistics shows that 47 
percent of women (15 years old and older) have experienced some kind of violence by their 
partner [1]. Previous studies have found that this types of stressful events could cause an 
alteration in women cognitive process involving executive functions. Muriel Lezak defined these 
functions as the essential mental abilities to carry out an effective, creative and socially accepted 
behavior [4,5]. And Mateer suggests that executive functions consist on: direction of attention, 
pattern recognition priority, formulation of intention, plan achievement or accomplishment and 
implementing the plan and recognition of achievement [6]. Selective attention and cognitive 
flexibility are associated with the processing of emotional cues in the ventromedial circuit. The 
former process guide our decision making towards objectives based on social and ethical 
judgment[3]. To asses the selective attention performance on women victims of domestic 
violence we designed two Go/no Go[2] task variants in the software E-prime (version 1.1). Both 
tasks show several stimulus and the subject must respond to only one kind of stimulus. To 
discard the size and position stimulus effect, the stimulus in the first task were placed in the 
center of the screen and all have the same size. In the second task the stimulus changes its 
position on the screen and its size differs. These tasks were validated by healthy subjects without 



psychiatric or psychologic history. The subjects were evaluated with the mini mental test, SCL-
90R scale, Rosenberg Self Esteem Scale and the Beck Depression Scale score. The error rate for 
the first task is 5.10% and for the second task is 8.74% then the error rate for the first task is less 
than for the second. For that reason we stipulate that the position and the size of the stimulus do 
matter in the performance of the selective attention of the subjects. 
1. Panorama de violencia contra las mujeres en México: ENDIREH 2011 / Instituto Nacional de 
Estadística y Geografía.-- México: INEGI, 2013. 2.Elliot Kale Edmiston and Jennifer Urbano 
Blackford. Childhood maltreatment and brain response to novel faces in adults with inhibited 
temperament.HHS Public Access. 20033.Lezak MD. Relationship between personality disorders, 
social disturbances and psysical disability following traumatic brain injury. J Head Trauma 
Rehabil; 1987. 4. Lezak MD. The problem of assessing executive functions. Int J Psychol; 1982. 
5. Junqué C, Barroso J. Neuropsicología. Madrid: Síntesis; 1994. 6. Sholberg MM, Mateer CA. 
Remediation of executive functions impairments New York: Guilford Press; 1989. 
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Abstract: It has recently been suggested that flexible hubs in the human brain’s cognitive 
control networks (CCNs) regulate other brain networks in a goal-directed manner for optimal 
behavioral outcomes in healthy populations, thereby promoting mental health. In line with this, 
behavioral and neuroimaging studies have found impaired cognitive control abilities in various 
mental illnesses, but the underlying neural mechanisms remain unclear. One possibility is that 
CCN dysfunction is related to altered brain-wide connections of flexible hub regions in CCNs 
(i.e. in cingulo-opercular, frontoparietal and dorsal attention networks), which could affect CCN 
capacity in various mental illnesses, eventually leading to impaired regulation of symptoms in 
clinical compared to healthy individuals. A still outstanding question is whether there are 



common alterations in connectivity of CCNs regions across different mental illnesses. In this 
study, we therefore try to clarify the nature of cognitive control deficits in a range of mental 
illnesses and across the lifespan. To test the hypothesis that CCN dysfunction may be a common 
factor in a broad range of mental illnesses and that CCN flexible hubs exhibit comparable altered 
connections across various clinical populations, we used resting state functional connectivity and 
graph theoretical measures. More specifically, resting state fMRI data from various publicly 
available sources including data from subjects with different mental illnesses and age groups 
(such as ADHD, autism and pre-Alzheimer’s disease) were analyzed, and hub-characterizing 
measures such as global brain connectivity and betweenness centrality were obtained to 
characterize network architecture of CCN regions. Using these measures we indeed found altered 
brain-wide connectivity of CCN regions in clinical compared to healthy control groups. 
Furthermore, we achieved above-chance classification of clinical subjects versus healthy controls 
based on resting state functional connectivity of the CCNs. These results shed new light on 
commonalities in the neural mechanisms of cognitive control dysfunction across a broad range of 
mental illnesses. Finding common factors in control system dysfunction could improve our 
understanding of the underlying mechanisms of mental illness and have important implications 
for therapeutic interventions. 
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Abstract: Recent work suggests that the brain can be conceptualized as a network comprised of 
groups of sub-networks or modules. The extent of modules’ segregation can be quantified with a 
modularity metric, where networks with high modularity have dense connections within modules 
and sparser connections between modules. Previous work has shown that higher baseline 
modularity predicts greater improvements after cognitive training in patients with traumatic brain 
injury, and more recently, in healthy older and young adults. It is not known however, whether 
modularity can similarly predict cognitive outcomes after a physical exercise intervention. Here, 
we quantified modularity in a subset of older adults (n=127) who underwent one of the following 
interventions for 6 months: 1) aerobic exercise (AERO), 2) aerobic exercise plus nutritional 
supplement (AERO+), 3) stretching, strengthening and stability (SSS), or 4) dance instruction. 
After the intervention, the AERO, AERO+ and SSS groups showed gains in cardiorespiratory 
fitness, with larger effects in both aerobic groups compared to the SSS and dance groups. The 
AERO, AERO+ and SSS groups also improved in cognitive control as measured by reasoning, 
working memory, and task-switching tests. We derived brain networks using fMRI data from a 
6-minute resting state scan collected prior to training, and computed modularity from functional 
connectivity matrices generated using 264 regions of interest. In the aerobic and SSS subjects 
that improved in physical fitness and cognitive control, higher baseline modularity was 
positively related to cognitive control gains, even after controlling for age, years of education, 
and in-scanner motion. No relationship between modularity and cognitive control gains was 
observed in the dance group, which did not show training-related gains in cognitive control. 
Since previous studies have found that the relationship between modularity and training gain is 
driven by lower performing individuals, we performed a median split in the aerobic and SSS 
groups based on baseline fluid reasoning ability. The positive relationship between modularity 
and cognitive control gains was evident only in the groups with lower baseline reasoning ability. 
These results are in line with previous studies that find that individuals with a more modular 
brain structure are more responsive to cognitive training. More generally, these findings suggest 
that the predictive power of modularity may be generalizable across interventions aimed to 
enhance aspects of cognition and that, especially in low-performing individuals, global network 
properties can capture individual differences in neuroplasticity. 
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Title: Binge drinking and neural oscillatory dynamics underlying response inhibition 
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Abstract: Alcohol consumption in young adults is often characterized by heavy episodic, or 
binge drinking, which is commonly defined as heavy consumption on a single occasion and is 
associated with a multitude of health risks and social problems. Response inhibition refers to the 
ability to withhold or suppress prepotent actions and is an important component of executive 
functions. Previous evidence indicates that response inhibition is affected by acute intoxication 
as well as by long-term alcohol abuse. Furthermore, it is highly pertinent to binge drinking as 
impaired response inhibition predicts engaging in binge drinking and is a risk factor for 
developing alcohol and substance abuse. The current study was designed to investigate the neural 
dynamics of response inhibition as a function of binge drinking in young adults. Participants 
were 45 (25 women) healthy, right-handed subjects with a mean age (± st. dev) of 23.64 ± 3.57 
years who were prescreened for alcohol use to determine eligibility. Binge and Control 
participants differed greatly in a number of drinking patterns. Binge subjects reported more binge 
episodes (defined as consuming 6+ for men or 5+ for women drinks within two hours), 
blackouts, more drinks consumed per drinking occasion, and drank on more days throughout the 
week than Controls. Binge subjects also reported higher anxiety, impulsivity, and depression 
than Control subjects. During a Go/Nogo task, participants were instructed to respond to a 
prepotent stimulus (80% of the time), and to occasionally withhold response (20% of the time). 
Scalp EEG was recorded with a 64-channel BrainVision system, and a Morlet wavelet transform 
for theta (4-7 Hz) frequency was applied. Results suggest that Binge participants responded 
impulsively to the task, as they committed marginally more premature responses (ones made too 
early) than Control participants. Indeed, self-reported impulsivity and drinking levels correlated 
positively with the inability to withhold responses in Binge participants. Theta oscillations 
peaked at ~350 ms after stimulus onset and were greater to NoGo trials overall. Event-related 
theta power was marginally reduced in the Binge participants at central and parietal scalp 
locations from 300-400 ms in NoGo trials. However, no group differences were seen in Go trials. 



This suggests that a history of binge drinking is associated with impaired response inhibition as 
reflected in theta oscillations, which may further contribute to the inability to refrain from 
harmful levels of drinking. These results are consistent with and extend prior reports of 
decreased theta in chronic alcoholics and those under acute intoxication. 
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Abstract: The ability to override automatic responses with new, adaptive behavior when 
presented with conflict is an essential function of cognitive control. Previous research has shown 
that cognitive control is diminished by long-term excessive drinking and during acute alcohol 
intoxication especially within the prefrontal network. However, despite great prevalence of high 
risk alcohol consumption in young adults, studies investigating the persistent neurophysiological 
effects of heavy alcohol consumption are still scarce. The purpose of this study was to 
investigate brain indices of cognitive control during a modified Stroop naming task in young 
adults as a function of heavy episodic (binge) drinking pattern. Forty-five (25 women) healthy, 
right-handed subjects (23.6 ± 3.5 yrs) were screened for their alcohol consumption habits. 
Twenty-two subjects reported heavy drinking patterns with 11.5 ± 8.4 binge episodes during the 
last six months, compared to control subjects who had 0.1 ± 0.3 binge episodes. In addition, 
binge participants reported more blackouts, higher levels of alcohol consumption, higher rates of 
anxiety, impulsivity and depressive symptoms than control participants. Subjects performed a 
modified Stroop naming task which elicited high and low levels of response conflict on 



congruent and incongruent trials respectively. Continuous EEG signal was recorded with a 64-
channel Brain Vision acquisition system and analyzed in both time- and time-frequency 
domains. The Stroop interference effect was reflected in lower accuracy and slower response 
times on incongruent trials overall. Binge participants tended to respond more impulsively as 
shown by higher levels of self-corrected responses. Event-related potentials (ERPs) analysis 
revealed a smaller N250 deflection in the binge group across all task conditions. The subsequent 
late positivity tended to be greater in the binge drinkers only on high conflict trials 
frontocentrally. Event-related theta power (4-7 Hz) was calculated with Morlet wavelets. 
Incongruent trials evoked the greatest theta power overall confirming that it is a good index of 
increased demands on cognitive control. Compared to controls, binge drinkers tended to have 
higher theta power on congruent trials over the frontal sites, possibly suggesting impaired 
flexibility in cognitive control of resource allocation in situations evoking response conflict. 
Taken together, these results indicate that binge drinking is associated with impairments of the 
prefrontal network that subserves decision making under conflict conditions. This impairment 
could contribute to deficits in self-control and increased drinking. 
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treatment 
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Abstract: Addiction is a chronic disease characterized by the compulsive use of drugs. The 
treatments are not very effective; in fact, 60%-70% of the addicts relapse in the first year of 
abstinence. Stress and inhibitory control are a risk factor in both consumption and in relapse. In 
this investigation a group of addicts in rehab were exposed to a model of experimental stress, 
where the cortisol levels and the inhibitory control ability were assessed in order to correlate 
them with the incidence of relapse in drug consumption, once rehab treatment was concluded. 
The Trier Social Stress Test (TSST) was used to produce moderate stress in 60 subjects almost 
concluding the rehab treatment. Cortisol levels were measured before, during and after TSST, by 
enzyme immunoassay. In addition, interference control (an ability of the executive function 
inhibitory control), was evaluated with the Stroop test before and during the TSST. Once the 
subjects finished the rehab treatment, they were monitored during 1 year in order to register the 
relapse incidence. 81% of the sample was male and 19% women. The average age for those 
subjects was 24.6 (SD=5.022) with 11.6 (SD=3.047) years of education. The most used drugs 
were methamphetamines (51.5%), followed by alcohol (21.2%), cocaine (15.2%), marijuana 
(9.1%), and inhalants (3%). The mean term of consumption was 4.15 (SD= 3.27). Our 
preliminary results indicate that in one-year follow-up, incidence of relapse is up to 50%. 
Evaluated subjects also show differences in interference control before and after the stress 
stimulus. Changes in cortisol patterns were also observed through time in these subjects. Then, 
we believe that cortisol fluctuations and interference control may be useful tools trying to predict 
relapse. 
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Abstract: The ability to measure neuropsychological functioning across the lifespan is critical 
for advancing our understanding of normal, healthy aging and age-related cognitive disorders 
such as MCI, dementia, and Alzheimer’s. The ability to measure an individual’s 



neuropsychological performance in an actionable and informative way remains an imperative for 
research studies, clinical diagnoses, and intervention monitoring. However, present day 
approaches for measuring cognitive performance are lengthy, expensive, and burdensome. The 
NeuroCognitive Performance Test (NCPT; Lumos Labs, Inc.) is a brief online battery of 
cognitive assessments used to measure functioning in five cognitive domains. The NCPT is 
being developed for use in clinical research - as an outcome measure and for screening 
participants for entry into research trials - and for use in a clinical setting to aid in the diagnosis 
of cognitive impairment and longitudinal monitoring of cognitive change over time. As with the 
development of any new assessment or intervention, it is imperative that novel assessments first 
be validated against conventional present-day evidence-based best-practices. The goal of this 
study was to evaluate the validity and reliability of the NeuroCognitive Performance Test 
(NCPT) compared to corresponding conventional pencil-and-paper neuropsychological 
assessments. This was a multi-site, randomized, counterbalanced study that enrolled 234 healthy 
adults between the ages of 20-79 (inclusive). The NCPT and conventional neuropsych 
assessments were conducted at both study visits. In this poster, we will report the NCPT subtests 
that were used, and their corresponding pencil-paper neuropsychological assessments. Our data 
analysis will explore the correlations between (1) the NCPT subtests and their pencil-paper 
correlates and (2) the NCPT total score (known as the Grand Index) and the neuropsych 
composite scores. Secondly, we will also report test-retest reliability of the NCPT and 
neuropsych assessments. We anticipate the ability to also report exploratory analyses displaying 
any significant age, gender, or education-level group differences. 
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Abstract: Neuropsychiatric disorders are prevalent in society. Despite the pervasiveness of these 
illnesses, our understanding of the biological basis of these disorders is severely limited. Two 
such disorders are Gilles de la Tourette syndrome (GTS) and obsessive compulsive disorder 
(OCD). Neither of these is well understood in terms of their etiology nor pathomechanisms; 
however, dysfunction in the circuits of the cortico-basal ganglia-thalamo-cortical network is a 
suggested source of their respective pathologies. This network regulates motor, emotional, and 
cognitive function. Perturbations in the balance of its functional connections arguably manifest 
as the cognitive, motor, and/or limbic deficits seen in GTS and OCD. It is suggested that similar 
circuit dysfunction underlies these disorders, accounting for their high comorbidity rate; yet, 
their profiles are asymmetric. In addition to ~ 100% difference in population frequency, GTS 
occurs with a near 80% comorbidity rate with OCD, while OCD is reported to occur at about 7% 
comorbidity with GTS. These variances could be pivotal to understanding the foundational 
mechanisms governing the two disorders. In order to explore the interplay between the 
subcortical nuclei and the cortex in the large scale network, we recorded from a cohort of male 
and female OCD and GTS patients (aged 27-55 years old) who had undergone surgery for deep 
brain stimulation (DBS). Electrophysiological recordings were taken simultaneously from multi-
channel scalp EEG combined with externalized DBS electrodes (allowing invasive access to 
deep structures) bilaterally implanted in the nucleus accumbens or centromedial nucleus of the 
thalamus, respectively. Effective functional connectivity measures were calculated during the 
resting state using partial directed coherence based on Granger causality. In all patients, local 
circumscribed networks surrounding specific subcortical electrodes were identified as major 
drivers of the large-scale subcortical-cortical networks. They projected to specific electrode sites 
on the scalp. In turn, some scalp electrodes strongly communicated with the subcortical 
structures. Interestingly, while the dominant frequency in all electrodes was in the high theta/low 
alpha range, the subcortical and cortical electrodes had different and preferred frequencies of 



communication. Our cortical-subcortical simultaneous recordings provide the platform for a 
deeper understanding of the temporal dynamics of whole-brain networks in humans, which 
includes the intimate contribution of deep structures and opens new ways of identifying 
neurophysiological markers of these psychiatric diseases. 
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Abstract: Exercise-induced fatigue consists of central fatigue, with symptoms such as a 
reduction of central motor command, and the peripheral fatigue, which occurs in muscles. 
Exercise-induced central fatigue may also lead to deteriorating cognitive function (cognitive 
fatigue) mediated by the prefrontal cortex, which carries out executive function, and diminished 
athletic performance. Although the neural mechanisms behind cognitive fatigue associated with 
central fatigue are still unclear, cerebral hypoxia is thought to be an important factor. We thus 
aimed to create an experimental model for exercise-induced cognitive fatigue using hypoxic 
exercise and to identify the underlying neural mechanisms using multichannel functional near-
infrared spectroscopy (fNIRS). Sixteen healthy young adults (mean age 20. 7 ± 1.9 years) 
participated in this study. They performed a color-word Stroop task (CWST) before and 15 
minutes after 10 minutes of moderate exercise (50% VO2peak; EX) or rest (CON) under 
moderate hypoxic conditions (13% O2). Cognitive performance was assessed by reaction time 
(RT) for the CWST. Difference in RT between incongruent and neutral trials were calculated as 
RTinterference to determine executive function. fNIRS probes were put over the forehead during the 



CWST and we monitored brain activity on both sides of the dorsolateral prefrontal cortex 
(DLPFC), which plays a crucial role in executive function. Task-related oxy-Hb concentration 
changes were used as indicators of brain activity. Arterial oxygen saturation (SpO2) was 
monitored throughout. Results showed that SpO2 decreased with hypoxia in EX and CON (EX: 
87.9±3.3%, CON: 89.9±2.7%, N.S.). In addition, SpO2 decreased during exercise (81.9±2.1%) 
and recovered to pre-exercise level after exercise. A two-way ANOVA showed significant 
interactions between time (pre/post) and condition (EX/CON). Post-hoc analysis revealed that 
exercise delayed RTinterference and decreased task-related oxy-Hb concentration changes in the left 
DLPFC compared to CON. The Spearman correlation test revealed a negative correlation 
between RTinterference and left DLPFC activity. These results indicate that our moderate exercise 
under 13% O2 that elicits apparent hypoxia lowers task-related activities in the DLPFC and 
deteriorates executive function. We found for the first time that during moderate exercise under 
13% O2, resultant cerebral hypoxia associated reduced neuronal activities of the DLPFC, might 
be attributed to cognitive fatigue. Thus, moderate exercise under hypoxic conditions could be an 
experimental model for addressing the neural mechanism underlying exercise-induced central 
fatigue. 

Disclosures:  G. Ochi: None. K. Hyodo: None. K. Suwabe: None. H. Soya: None. 

Poster 

747. Plasticity and Disorders of Executive Function 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 747.14/KKK62 

Topic: H.02. Human Cognition and Behavior 

Title: Executive functioning in girls with posttraumatic stress disorder secondary to sexual abuse 

Authors: *S. PRECIADO MERCADO, A. SANZ MARTIN;  
Inst. De Neurociencias, Guadalajara, Mexico 

Abstract: Child sexual abuse is a stressing event which is commonly associated with anatomical 
and functional changes in prefrontal cortex, impulsive and maladaptive behaviors and 
psychopathology like Posttraumatic Stress Disorder (PTSD). The aim of this study was to 
characterize the performance in several task that asses the executive functioning in girls with 
PTSD secondary to child sexual abuse. Forty 12-15 years old girls were evaluated: 20 with 
PTSD secondary to sexual abuse (PTSD) and 20 healthy girls without abuse history or 
psychopathology (CO). The participants were paired according to their socioeconomic status, 
their IQ and scholarship. To determine the presence and intensity of PTSD, the child PTSD 
sympton scale (CPSS) was applied. The executive funtioning was evaluated with BANFE battery 



(Flores, Ostriosky & Lozano, 2014), which is a set of test that allow to asses cognitive proceses 
related with anterior, orbital and dorsolateral prefrontal areas. In BANFE, the PTSD group 
showed compared with CO group, lower scores in all indexes (global, anterior, dorsolateral and 
orbital). Besides, there were significant negative correlations between the intensity of symptoms 
of PTSD and the BANFE indexes. These results indicate that girls with PTSD have a generalized 
prefrontal impariment, wich, probably is related with the history of child abuse. This prefrontal 
disfunction could predispose them to develop psychopathology and maladaptive behaviors. 
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Abstract: Multitasking is associated with the generation of stimulus-locked theta (4-7 Hz) 
oscillations arising from prefrontal cortex (PFC), and it has further been shown that transcranial 
direct current stimulation to PFC improves multitasking performance. However, the causal role 
of PFC theta oscillations in multitasking abilities has not been established. Here, we investigate 
if oscillatory theta stimulation via transcranial alternating current stimulation (tACS) may be 
used to enhance endogenous neural oscillations and improve multitasking performance. To 
address this, eighty healthy young adults received brief sessions of bilateral PFC theta-tACS 
while they were engaged in a multitasking challenge, along with the collection of 
electroencephalography (EEG) data. Participants were separated into four subgroups: rapid anti-
phase (anti-phase tACS with a 1-min inter-session interval), slow anti-phase (anti-phase tACS 
with a 5-min inter-session interval), rapid in-phase (in-phase tACS with a 1-min inter-session 
interval), and sham (those who received sham tACS in all the sessions as control). Anti- and in-
phase refers to the tACS current polarity between bilateral PFC. Importantly, the total amount of 
stimulation (duration and intensity) was equivalent for all of the stimulation groups. Compared to 
a sham control group, only the rapid-rate group showed enhancement of multitasking over time, 



coupled with an after-effect modulation of frontal alpha (8-12 Hz) and posterior beta (13-30 Hz) 
activities. Across participant regression analyses indicated that those participants with the 
greatest improvement in multitasking performance also exhibited the greatest increases in frontal 
alpha and posterior beta oscillations. Interestingly, the slow-rate and in-phase groups did not 
generate noticeable performance improvements compared to the sham control group. These 
results suggest tACS effects may cumulate when presented in rapid succession with anti-phase 
stimulation, thus stressing the significance of delivery protocol for generating positive 
stimulation-effects using tACS. Moreover, these results indicate frontal theta tACS generates 
benefits on multitasking performance accompanied by widespread neuroplastic changes across 
multiple oscillatory frequencies. 
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Title: Proactive inhibitory activity in the subthalamic nucleus is related to akinesia in patients 
with Parkinson’s disease. 
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Abstract: Parkinson’s disease (PD) results from the degeneration of the dopaminergic neurons 
of the sutbstantia nigra pars reticulata. In consequence, the neuronal activity of the basal ganglia 
circuitry is highly modified with, in particular, an hyperactivity with increased bursts and 
oscillations in the subthalamic nucleus (STN). The role of these neuronal activity changes of the 
STN in the occurrence of clinical motor signs is still unknown. Akinesia with slowness and/or 
reduced amplitude of the movement is one of the cardinal parkinsonian motor signs. Recently, it 
has been proposed that akinesia may result from an excessive proactive inhibition of the action 
initiation, a cognitive process known to inhibit undesired or inappropriate prepotent responses to 
stimuli. Brain networks involve in this mechanism includes, at least, the supplementary motor 
area, the precuneus and the STN. In this study, we aim to further understand the role of the STN 
in this proactive inhibitory control. We recorded STN neuronal activity in 17 PD patients during 
(single unit recordings), and after (local field potentials recordings-LFP) surgery for deep brain 
stimulation, while subjects performed a cognitive task that involved the proactive inhibitory 
control. The increased movement initiation latency, induced by the proactive inhibitory control 
associated with STN neuronal activity changes (30/100 neurons change their activity). The 
majority of STN neurons recorded intrasurgically exhibited a tonic activity that appeared before 
the conditioning stimuli and correlated with task performances. STN-LFP recorded post-
surgically were modulated in the alpha and beta bands during proactive inhibitory control. Our 
data suggest that the STN influences the proactive inhibitory control, with PD patients being 
maintained in an anticipated inhibition, even though the situation did not require action restraint. 
These data highlight the crucial role of the STN in motor control and shed light on the complex 
function of this structure in the motor and executive behavior in humans. 
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Title: A randomized controlled study examining 13 minutes of daily meditation training on 
attention, mood and the emotional response to acute stress 
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Abstract: Meditation is an ancient practice that stems from Buddhist and Hindu cultures. A 
major purpose of meditation is to focus the mind, clearing it of the propensity towards wandering 
or unfocused thought. The scientific literature has examined mainly three types of meditation 
including focused attention, open monitoring and loving kindness. Recent research assessing the 
capacity of meditation to change the brain has shown that meditation decreases stress, improves 
mood, boosts cognitive functioning, increases the brain’s functional connectivity, and enhances 
alpha and theta power—brain states associated with relaxation. Few studies, however, have 
examined the effects of brief, daily meditation on cognitive functions in a randomized controlled 
design. To address this hole in the literature, we sought to examine whether only 13 minutes of a 
daily meditation practice in healthy adults could improve cognitive functioning and mood as well 
as the emotional response to an acute stressor. In this randomized controlled study, healthy adults 
(18 to 45 years of age) with little to no experience meditating underwent either 8 weeks of a 
daily, 13-minute meditation practice (n=16) or listened to a Radiolab podcast (control) (n=15). 
The meditation practice we utilized involved a simple step-by-step guide in various meditative 
breathing exercises and a single full-body scan. Before and after the intervention, subjects 
completed a battery of neuropsychological tasks as well as several self-reported mood 
questionnaires. At the end of the 8 weeks, subjects also completed the Trier Social Stress Test 
(TSST), a test combining mental arithmetic with social evaluation that served as an acute 
stressor. Meditation significantly enhanced attention as assessed by the Stroop Test (Time x 
Group: F(1,28)=5.025, p=0.033, partial ƞ2=0.152) and decreased anxiety as assessed by the Beck 
Anxiety Inventory (Time x Group: F(1,29)=4.758, p=0.037, partial ƞ2=0.141). Additionally, 
compared to controls, meditators showed a significantly diminished emotional response to an 
acute stressor (Time x Group: F(3.316,92.843)=2.683, p=0.046, partial ƞ2=0.087). These results 
suggest that even brief, daily meditation training in healthy adults can improve attention and 
mood as well as decrease emotional activation to an acute stress. 
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Title: A randomized controlled study examining the effects of enhancing fitness on mood and 
recognition memory in healthy adults 
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Abstract: Chronic exercise in rodents causes a variety of plasticity-related changes in the 
hippocampus, a brain region integral for learning and memory. For example, voluntary wheel 
running increases levels of neurotrophic factors, neuronal proliferation and survival, long-term 
potentiation, spinogenesis, angiogenesis and gliogenesis. These changes lead to exercise-induced 
enhancements in spatial learning, pattern separation, and object recognition memory, as well as 
improvements in anxiety- and depressive-like behaviors. While many studies have examined the 
effects of exercise in children and the elderly, surprisingly few studies have examined the effects 
of chronic exercise on hippocampal-dependent learning and memory in non-aged adults. To 
address this gap in the literature, we conducted a randomized-controlled study to determine 
whether engagement in long-term aerobic exercise would result in improvements in 
hippocampal-dependent behaviors including cognitive functioning and mood. In healthy, 
previously sedentary and low-fit middle-aged adults (35-59 years of age), recognition memory, 
pattern separation, episodic memory, spatial navigation ability, and mood as gauged through 
self-reported questionnaires, were assessed before and after 3 months of indoor cycling involving 
both high-intensity sprints and endurance training (n=18) or video gaming (control) (n=13). 
Additionally, changes in cardiopulmonary fitness (VO2 max) were captured as we hypothesized 
that those individuals with the greatest changes in fitness would show the largest improvements 
in cognition and mood. Our results parallel findings in the rodent literature. Both recognition 
memory as tested with the Mnemonic Similarity Task (Time X Group: F(1,19)=7.018, p=0.016, 
partial ƞ2=0.270) and general positive affect as measured with the Positive and Negative Affect 
Scale (Time X Group: F(1,13)=8.370, p=0.013, partial ƞ2=0.392) improved as a result of the 
exercise intervention. Additionally, those individuals who made the largest gains in 
cardiopulmonary fitness received the greatest benefits in terms of mood improvement (R2=0.686, 
p=0.005). These results suggest that similar to rodents, chronic exercise produces improvements 
in both mood and behaviors associated with the hippocampus and associated structures. We 
hypothesize that a critical factor underlying this outcome was the high-intensity exercise regimen 
that might have resulted in high levels of neurogenesis in our healthy non-aged adults. 
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Abstract: Acute aerobic exercise causes significant improvements in mood and cognitive 
functioning. High-intensity interval training (HIIT), an exercise regimen comprised of brief 
bursts of vigorous aerobic exercise interspersed with low intensity recovery periods, has 
significant physiological advantages over continuous aerobic exercise (CAE). These advantages 
include significantly higher average heart rates, increased levels of circulating catecholamines, 
cortisol and growth hormones, increased lactate levels, and enhanced blood glucose utilization. 
While the enhanced cardiopulmonary benefits of HIIT are well known, it is unknown if HIIT has 
superior mood and cognitive benefits relative to CAE. As HIIT produces heightened 
physiological responses over CAE, we hypothesized that an acute bout of HIIT will also produce 
greater mood and cognitive enhancements over an acute bout of CAE. In this randomized 
controlled study, we examined whether the enhanced physical benefits of HIIT are accompanied 
by enhanced cognitive and mood benefits at the behavioral level. Healthy, active adults (ages 18-
26) conducted a variety of mood questionnaires and neuropsychological tasks both before and 
after either a 44-minute session of HIIT (n=13), CAE (n=13) or walking (control) (n=15). All 
exercise regimens produced significant decreases in total mood disturbance as measured by the 
Profile of Mood States (Time: F(1,30)=6.490, p=0.016, partial ƞ2=0.178), general negative affect 
as measured by the Positive and Negative Affect Scale (Time: F(1,30)=18.429, p=0.000, partial 
ƞ2=0.381), and anxiety as measured by the Beck Anxiety Inventory (Time: F(1,30)=5.446, 
p=0.027, partial ƞ2=0.154) as well as increases in happiness (Time: F(1,30)=4.341, p=0.046, 
partial ƞ2=0.126) and empathy (Time: F(1,30)=4.685, p=0.039, partial ƞ2=0.165) as measured 
by the fantasy subscale of the interpersonal reactivity index. Additionally, though state-trait 
anxiety decreased in all groups (Time: F(1,30)=7.427, p=0.011, partial ƞ2=0.198), this effect 
differed between groups (Time X Group: F(2,30)=4.232, p=0.024, partial ƞ2=0.220) with the 
walking intervention showing the strongest effect and the intensity of the workout (based on 
percentage of VO2 max) positively correlating with change in state-trait anxiety score (R2= 
0.210, p=0.011). These results suggest that in healthy young adults, low-intensity exercise may 



be the best acute workout regimen to enhance mood. We hypothesize that this effect may be due 
to the fact that compared to the walking group, CAE and HIIT groups found their workout 
significantly more fatiguing (Subject Exercise Experience Scale; F(2,40)=4.555, p=0.017). 
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memory retrieval 
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Abstract: There is a considerable amount of research showing dampening effects of chronic 
alcohol use on emotional processing but few studies have addressed this topic in individuals with 
a history of binge drinking. The present study examined the processing of emotional pictures and 
subsequent memory retrieval as a function of binge drinking. Fifty young, healthy individuals 
(age = 23.5 ± 3.5 yrs, 22 males) participated in both sessions of the study. Twenty four 
participants reported drinking heavily with 11.4 ± 7.5 binging episodes and 4.4 ± 3.0 alcohol-
induced blackouts in the last 6 months and twenty six participants were light social drinkers. The 
binge drinking group reported higher depression, anxiety, and impulsivity than the light drinking 
group. In the first session, participants rated valence of unpleasant, neutral, pleasant, and erotic 
pictures from the International Affective Picture System. An unexpected recognition task was 
administered 48 hours later. Scalp EEG was recorded from 64 channels and analyzed in time-
domain as event-related potentials (ERPs) and in time-frequency domain with Morlet wavelets. 
Both groups gave expected ratings of emotional valence. During the rating task, erotic pictures 
elicited the greatest event-related theta power (4-7Hz) overall. The difference in theta power 
between all emotional and neutral pictures was apparent in the light drinking group and blunted 
in binge drinkers. Furthermore, the early differential sensitivity to negative, positive, and neutral 



images in 200-300 ms was present only in light drinkers. ERP analysis indicated that erotic 
pictures elicited the greatest positivity within 400-650ms time window, followed by negative and 
positive pictures, with the smallest positivity to neutral pictures. During recognition, emotional 
pictures were remembered better than neutral pictures. Greater theta power was evoked by the 
remembered pictures as compared to forgotten pictures only for the light drinking group, 
consistent with theta involvement in memory processes. Similarly, ERP analysis suggested that 
the remembered pictures elicited higher amplitude of the positive potential in 550-800 ms, which 
was absent for the binge drinkers. These findings indicate that binge drinking is associated with 
reduced processing of emotional information and impaired memory retrieval. Even though 
behavioral measures did not differ between the two groups, theta oscillations were particularly 
sensitive to these effects in concordance with the theories suggesting that may be an index of 
affective processing and memory retrieval. 
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Abstract: Emerging decision-making research suggests that choosing to forego tempting, but 
suboptimal, rewards in the service of achieving greater overall outcomes (i.e., exercising self-
control) may be intrinsically costly to individuals. These ‘control costs’ are thought to stem from 
the limited cognitive resources available to support the cognitive demands of exercising self-
control. However, an empirical quantification of these costs in humans has not yet been 
accomplished. We employ a novel decision-making task driven by economic theory to quantify 
idiosyncratic self-control costs in healthy individuals that are currently on a diet to lose or 



maintain weight. Participants first rated a series of food items on level of health, taste and 
temptation. These subjective ratings allowed us to identify a high and low temptation food for 
each individual. Participants were asked to remain in the experiment room with the high 
temptation food for a period of time without eating it in order to acquire a monetary bonus. 
Critically, before exposure and at regular intervals after exposure, participants reported their 
willingness to pay (from a $10 endowment) to remove the high tempting good and replace it with 
the low tempting good, effectively revealing their subjective cost of exercising self-control. Bids 
were realized using a standard economic auction procedure (Becker-DeGroot-Marschak method) 
at a fixed low hazard rate. Bidding data revealed that, overall, individuals were willing to pay a 
monetary cost to eliminate both future and current temptation from their environment. On 
average, bids to remove the tempting food increased over time, suggesting that the perceived cost 
of exercising self-control grew the longer participants were exposed to the tempting food. We 
found that subjective control costs were strongly modulated by how long individuals had 
successfully maintained their diets. Specifically, a negative correlation emerged between the 
number of weeks on the diet and average bids across the session. Our results provide novel 
evidence that self-control costs can be numerically quantified in humans and that these costs 
increase as exposure to temptation (i.e., self-control duration) increases. These findings may 
open new avenues of research investigating how manipulating subjective self-control costs can 
promote more adaptive decision-making in the presence of rewards. 
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Abstract: Contextual information (such as location or current goal) often determines which 
actions are rewarding at a given moment. For instance, a sudden downpour should trigger 
opening an umbrella outdoors, but should elicit a different response (such as checking for fire) 
indoors. How do we develop action priors that are general enough to apply to novel contexts, yet 
specific enough to maximize reward for a given context? 
Here, we investigate how context influences priors for decisions in the simplest task that can be 
used to study context effects, the AX-continuous performance test (AX-CPT). In this task, a cue 
(A or B) signals the correct response for a probe (X or Y), which appears two seconds later. 
An agent seeking to maximize immediate reward rate should use the cue to adapt their starting 
point for the decision on the probe, whenever the cue provides information about the most likely 
response. For example, when AX trials (e.g., requiring a left response) are more frequent than 
AY trials (requiring a right response), participants can respond faster on average if they prepare a 
left response when the A cue is presented. 
To test how the cue affects the prior for the decision on the probe, we built a context-dependent 
drift diffusion model of behavior in this task, with different starting point and threshold 
parameters for A and B trials. We then varied the frequency of the probe (X/Y) given the cue 
(A/B) across participants. Fitting our model to experimental data showed that participants 
adopted cue-specific priors when the two cues were associated with sufficiently different 
response probabilities. In contrast, when A and B predicted sufficiently similar responses, 
participants adopted priors that were indistinguishable for A and B. Furthermore, the difference 
between the estimated A and B priors was predicted by the improvement in reward rate that 
could be gained by differentiating contexts. 
However, for the case in which the estimated A and B priors were similar, it was not clear 
whether this reflected the use of a single prior or two distinct priors with similar values. To test 
this, we changed the frequencies of BX and BY trials mid-way through the experiment. We 
predicted that, for participants who started out with similar A and B response probabilities, 
changing the frequencies for B trials would also change their prior on A trials. In contrast, 
participants who started out with different responses probabilities for the two cues should not 
show this effect. We report evidence in favor of these predictions. 
Our data suggest that humans prefer to adopt simpler, more general priors for decisions, sharing 
information between contexts, unless the cost in performance becomes too high. 
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Abstract: Increased brain activity in cognitive control circuits can shift choice behavior away 
from immediate and risky rewards. Motivated by this evidence, we tested whether training of 
working memory and executive cognitive function could influence choice behavior and brain 
responses. In this randomized controlled clinical trial, 128 young adults participated in 10 weeks 
of training with either a commercial web-based cognitive training program or web-based video 
games (with no working memory or adaptive training component). Pre- and post-training, 
participants completed cognitive assessments and functional magnetic resonance imaging (fMRI) 
during performance of validated decision-making tasks: delay discounting (choices between 
smaller rewards now vs. larger rewards in the future) and risk sensitivity (choices between larger 
riskier rewards vs. smaller certain rewards). Contrary to our hypothesis, we found no evidence 
that commercial cognitive training influences neural activity during decision-making, nor did we 
find effects of cognitive training on measures of delay discounting or risk sensitivity. Participants 
in the commercial training condition did improve with experience and practice on the specific 
tasks they performed during training, but this improvement did not represent growth in cognitive 
abilities, as participants in both conditions showed similar improvement on standardized 
cognitive measures over time. Though performance on the specific tasks that comprise 
commercial cognitive training regimens can improve with practice, commercial adaptive 
cognitive training in healthy young adults appears to have no generalized effects on neural 
activity, choice behavior, or cognition. 
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Abstract: Throughout the Navy and the other armed forces of the United States, human system 
operators must maintain vigilant attention across a wide variety of system interfaces. They must 
be constantly prepared to rapidly respond, often with life or death consequences. Importantly, the 
neurobiological mechanisms that support the ability to maintain focused attention have physical 
limits. As system operators in demanding environments approach these limits, their task 
performance will suffer. In order to mitigate the unavoidable negative impact of these limitations 
on task performance to the greatest extent possible, we must first possess a thorough 
understanding of the fundamental neural processes, and their related biological indicators, which 
underlie the maintenance of sustained focused attention. A robust population template of the 



biological indicators of focused-attention and performance-related cognitive states in humans has 
been developed and continues to be refined by the many excellent research teams in this exciting 
field. This presents an opportunity to leverage this knowledge to supplement the biological 
limitations of system operators via the integration of computerized attention and decision-
making assistance. In order to contribute to the understanding of the basic science of these 
processes in our own lab, we collect and analyze electroencephalography (EEG) voltage data, 
heart rate, eye-gaze location and duration, saccade rate, pupillometric dynamics, and other non-
invasive biological measurements in the context of visual search and other attentionally-
demanding behavioral tasks. Current findings are consistent with the extant literature regarding 
biological indicators corresponding to the cognitive states of high versus low cognitive load. As 
we continue to reproduce well-accepted findings in these and other paradigms, we pivot towards 
the utilization of the most reliable of these measures in the development of an integrated human 
and computer system, or brain-computer interface, which aims to ameliorate the physical 
limitations of sustained focused attention, as evidenced in improvements in reaction time and 
other performance-related parameters. 
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Abstract: Adaptive behavior requires the computation of expected future outcomes. Especially 
in dynamic environments, newly incoming information should be used to adapt beliefs to 
changing environmental states (e.g., changing stock prices). Previous work suggests that human 
participants are capable of adjusting their learning rate (i.e., how much to learn from 
environmental feedback) according to the uncertainty and surprise associated with an outcome 



(e.g., Nassar et al. Nat. Commun., in press). Uncertainty reflects the reliability of internal beliefs 
and is highest immediately after a change in the environment is detected. Surprise reflects the 
likelihood of a change in outcome contingencies. In this study we were interested in 
electrophysiological (EEG) correlates of uncertainty- and surprise driven learning. In a predictive 
inference task younger adults (N=31) had to infer the position of an invisible cannon to catch as 
many cannonballs as possible. We compared this “learning” condition with two control 
conditions in which participants did not have to infer the target of the cannon but either followed 
the visible cannon or “collected” cannonballs by following the outcomes. These control 
conditions allow a dissociation between learning-related activity and activity that is associated 
with sensory processing in the task. Behavioral data were analyzed using computational 
modeling and regression analyses. Consistent with earlier behavioral findings, in the learning 
condition, we found that participants dynamically adjusted their learning rates in response to 
uncertainty and surprise. In contrast, in the control conditions, subjects showed constant learning 
rates that were unaffected by surprise and uncertainty. Preliminary EGG analyses suggest that 
parietal uncertainty-related learning signals arise before outcomes are presented (~150 ms) 
whereas surprise is associated with a positive medial prefrontal deflection peaking at 400 ms 
after the presentation of outcomes. Taken together, our results suggest that electrophysiological 
correlates of uncertainty- and surprise-related influences on learning are temporally and spatially 
dissociable. 
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Abstract: The speed and accuracy of many decisions conform to regularities of bounded 
evidence accumulation. Such models have proven successful for understanding perceptual 



decisions made from dynamic sensory input, where integration of independent samples of 
evidence is normative. However, the same framework applies to value-based decisions that do 
not implicate integration. Here we test the hypothesis that the sequential character of such tasks 
involves the retrieval of evidence from memory. In the current study, subjects were scanned with 
fMRI while performing a value-based decision task, and a perceptual decision task for 
comparison. The value-based decision task required subjects to make a series of choices between 
two foods that varied in subjective value (ΔV=Vi - Vj) as assessed prior to scanning. The 
perceptual task required subjects to discriminate the predominant color in a stochastic random 
dot display comprised of yellow and blue dots. Difficulty was controlled by the probability that a 
dot color was yellow or blue and this “color coherence” was chosen randomly on each trial. The 
ΔV (for value decision task) and color coherence (for the perceptual decision task) were entered 
as modulated regressors in the imaging analysis and we compared the magnitude of the effects of 
ΔV and color coherence on BOLD activity. Subjects chose the higher-value food more often and 
their reaction times decreased as a function of |ΔV|. Similarly, subjects accurately indicated the 
predominant color in the color dots display more often and their reaction time decreased as a 
function of the color difficulty. Thus, behavior indicated a good match between the value-based 
and perceptual decision tasks. FMRI data revealed that the two kinds of decisions, when 
evaluated separately, were associated with activity in distinct brain regions. Specifically, for 
value-based decisions, modulation of whole-brain BOLD by |ΔV| revealed activation in cingulate 
cortex. By contrast, modulation of whole-brain BOLD by color coherence during perceptual 
decisions was associated with BOLD activity in lateral parietal cortex. Interestingly, a direct 
contrast of the two tasks revealed greater BOLD activity in an ROI in the hippocampus, a region 
known for its role in memory retrieval. This result indicates that the relationship between ΔV and 
BOLD in the hippocampus during food choice was stronger than the relationship between color 
coherence and BOLD during perceptual decisions. Value-based decisions were associated with 
greater hippocampal activity, supporting the hypothesis that memory-related brain regions 
contribute more to value-based than perceptual decisions. 
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Abstract: Intertemporal decisions often involve a tradeoff between delayed rewards and the 
opportunity costs associated with waiting for those rewards. Thus, optimal intertemporal 
decision making critically relies on the accurate representation of these temporal opportunity 
costs. Previous research has suggested that differences in physiological state (e.g. the 
consumption of caloric rewards) can influence time perception, which may, in turn, alter 
subjective temporal opportunity costs. Similarly, the energy budget rule in risk-sensitive foraging 
theory predicts that positive energy balance will result in aversion to uncertain delays. In this 
study, we investigated whether the consumption of caloric primary rewards could alter subjective 
temporal opportunity costs and temporal persistence during reward-seeking. 
Fifty fasted participants engaged in a temporal persistence task, during which they received 
either a caloric drink (aspartame and maltodextrin), or water. In this paradigm, participants 
waited for a large monetary reward (15 cents) delivered at an uncertain time, but at any time 
could quit waiting in favour of a smaller monetary reward (1 cent). After either reward was 
received, this process repeated until a 5 minute block elapsed. Thus, this task constituted a 
reward-maximization problem, akin to foraging. In each block of the task, delivery times of the 
larger monetary reward were drawn from either a uniform distribution, or a heavy-tailed 
distribution, which had a higher maximum reward rate. We used survival analysis to estimate 
participants’ probability of quitting conditional on which distribution the delays were drawn 
from, and conditional on which liquid they consumed. 
We found that participants had a higher probability of quitting when rewards were drawn from 
the distribution with the higher reward rate. This replicates previous findings (McGuire, & 
Kable, 2012), and suggests that individuals' estimates of opportunity cost are influenced by the 
reward rate of the environment. Furthermore, we found that participants who consumed the 
caloric drink had a higher probability of quitting than those who consumed water. This suggests 
that caloric primary rewards alter perceived temporal opportunity costs and affect temporal 
persistence, in accordance with the energy budget rule. Our results suggest that both higher 
monetary reward rates and physiologically relevant rewards can increase impulsive behaviour. 
This may be especially relevant for disorders such as binge eating disorder, as well as for 
intertemporal choices in general. 
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Abstract: Traditional models of aggressive behavior often focus on failures in response 
inhibition. However, this framework cannot account for instances of instrumental aggression. 
Inspired by economic models of intertemporal discounting, and previous work in moral decision-
making (Shenhav & Greene, 2010; Crockett, et al., 2014), we hypothesized that, given the choice 
between two rewards, subjects would discount the value of the larger reward choice if it involved 
an aggressive action, and that individual variability in the willingness to aggress would be driven 
by differences in how strongly subjects weigh the intrinsic cost of harming another person. We 
tested this hypothesis in a sample of all-male community volunteers using a noel behavioral 
paradigm. We found large interindividual variability in the willingness to aggress. Using a 
formal computational model, we found that individual variability is in fact well-fit by a scaling 
parameter in a modified hyperbolic discounting model, and that the variance accounted for by 
the free parameter in the model is significantly correlated with self-report measures of aggression 
and psychopathy. 
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for opioid use disorder 
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Abstract: Objective: Temporal discounting (TD), or the tendency to forfeit future larger rewards 
in favor of sooner smaller ones, is an increasingly widespread proxy measure of impulsivity in 
studies of substance use disorder. By employing this model-based approach, we derive a 
parameter - the discount rate (DR) - that encompasses the degree to which a reward loses its 
value as a function of time for each individual. Previous studies have indicated that patients with 
opioid use disorder (OUD) exhibit higher DRs compared to controls and that patients' DRs 
decrease during briefly measured treatment periods. However, this change in TD has not been 
successfully linked to the main objective of treatment, a reduction in opioid use towards 
abstinence. The utility of DRs as a predictor of relevant clinical outcomes in OUD thus remains a 
pressing open question: Does it predict relapse or recovery? We sought to address this by 
conducting a longitudinal within-subjects study with repeated measures of DRs in a cohort of 
patients starting treatment for mild to severe OUD when compared to matched community 
controls. 
Methods: Repeated measures of DRs were performed on a cohort of thirty patients with OUD 
starting treatment consisting of pharmacological maintenance and psychosocial intervention for a 
period of up to seven months. We also collected repeated DRs in a group of forty matched 
controls from the same community. In the TD task participants were asked to choose between an 
immediate monetary reward ($2, $5 or $15) and a larger reward that came with a delay (ranging 
from $7 to $66 and from 4 to 150 days). At the end of each session, one of the trials was 
randomly selected for realization. In our OUD cohort, subjects' drug use was assessed on every 
session by self-report, urine toxicology results, length of abstinence and adherence to their 
treatment plan. 
Results and conclusions: As previously reported, OUD patients have significantly higher DRs 
compared to community controls. We also found that both groups were steeper discounters than 
the traditional college student sample. Our results indicate that in OUD patients DRs are a 
dynamic function of time in treatment. Interestingly, DRs also correlate with relapse events, 
peaking when these occur. We conclude that TD, when assessed repeatedly over the course of 
treatment, could be used as a behavioral signature of a patient's treatment success and potentially 
serve as a useful predictor of prognosis and treatment adherence for OUD. Current and future 
efforts include increasing our sample size and extending the finding of the correlation between 
clinical state and TD to the investigation of the neural substrate of change in TD with treatment 
in OUD. 
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Abstract: Pain is a highly salient and attention-demanding experience that motivates people to 
act. We investigated the effect of pain on decision making by delivering acute thermal pain to 
participants’ forearm while they made risky and intertemporal choices involving money. 
Participants (n = 107) were more risk seeking under pain than in a no-pain control condition 
when decisions involved monetary gains but not when they involved equivalent monetary losses. 
Pain also resulted in greater preference for immediate (smaller) over future (larger) monetary 
rewards. These findings reflect a motivation to offset the aversive, pain-induced state, where 
monetary rewards become more appealing under pain than under no pain and when delivered 
sooner rather than later. 
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Abstract: Although stress exposure is an inevitable part of daily life where decisions that 
involve risk and uncertainty are often made, reports of stress effects on decisions about 
uncertainty are equivocal across the literature. Research examining stress effects on these 
decisions have primarily focused on choices for which outcome probabilities are explicitly 
known (i.e., risk). However, decisions are often made when the probabilities of different 
outcomes are unknown (i.e., ambiguity). Here, we used a standard experimental economic 
paradigm that dissociates attitudes toward risk and ambiguity to assess how both acute and 
lifetime stress exposure affects economic decisions regarding uncertainty. Thirty-one healthy 
individuals first completed the decision-making task to characterize attitudes toward risk and 
ambiguity under non-stressful conditions. Self-reported state anxiety levels were collected using 
the State Anxiety Inventory before the choice task, and lifetime stress exposure levels was 
measured using the Stress and Adversity Inventory (STRAIN), a detailed inventory of 
encountered stressful life events, after the choice task. A week later individuals returned and 
were randomly assigned to repeat the decision-making task in the presence or absence of acute 
stress (cold-pressor or matched control task). Saliva was collected throughout each session to 
assay neuroendocrine markers of stress responses—namely, cortisol and alpha-amylase. 
Individuals’ choice behavior—as measured by the proportion of risky or ambiguous lotteries 
selected during the choice task—did not change across sessions for either the stress or control 
condition. Further, choice behavior did not differ between conditions after stress responses were 
manipulated during session 2, suggesting that exposure to acute stress alone did not influence 
participants’ attitudes toward risk or ambiguity. However, the STRAIN data revealed a negative 
correlation between two main indices of lifetime stress exposure (i.e., total count and severity of 
lifetime stressors experienced), and the proportion of ambiguous lotteries selected, indicating 



that higher levels of lifetime stress exposure were related to a lower willingness to accept 
ambiguous lottery offers. A similar association emerged between state anxiety and the proportion 
of accepted ambiguous lotteries. These effects were selective to decisions about ambiguity, as 
neither state anxiety nor life adversity was related to risky lottery choices. These findings suggest 
that higher states of anxiety as well as lifetime stress exposure may confer a lower tolerance for 
unknown outcomes during economic decision-making. 
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Abstract: Previous human imaging studies demonstrated that reward prediction signal also plays 
a critical role in establishing human cooperation as in other simpler decision making tasks. 
However, it remains unexplored how different sources of prior information about partner’s 
trustworthiness affect the reward prediction error signal. Here, to address this issue, we 
conducted functional magnetic resonance imaging (fMRI) experiments of a trust game (n=28), 
where in each round, a participant as an investor repeatedly (8 trials) selected to keep or share 20 
yen with a trustee (who is a computer agent but instructed as a human) and observed whether the 
trustee returned the courtesy. The participants were instructed to optimize their behavior by trial 
and error. Importantly, in each of four sessions, different prior information about trustee’s 
trustworthiness was provided at the beginning: (1) no prior, (2) facial expression prior (Oosterhof 
and Todorov 2008) (3) symbolic prior representing trustee’s social value orientation (Haruno and 
Frith 2010) and (4) both facial and symbolic priors. In each session, participants played the trust 



game against 16 trustees (8: 80% return, 8: 20 % return, and priors were correct for 80% of 
trustees) and the order of the sessions was counterbalanced across participants. We analyzed 
behavioral data by a standard reinforcement learning model and used the estimated reward 
prediction error as a regressor for fMRI analysis (at the timing of feedback, SPM12). We found 
that activity in the ventral striatum and ventral ACC was correlated with reward prediction error 
(p < 0.05 small volume correction) in the no prior session (i.e., (1)), and no reward prediction 
error signal when symbolic prior was provided (i.e., ((3) and (4)). However, when only facial 
expression prior was provided, we found stronger reward prediction error activity (p < 0.05 small 
volume correction) in the ventral striatum and ventral ACC than the no prior case. These results 
demonstrates that emotional and symbolic trust priors modulate reward prediction error signal in 
the brain in an opposite way, and may suggest the existence of the hierarchical brain system that 
determines the reliability on the reward prediction error based on the characteristics of available 
prior information. 
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Abstract: Our decisions are often guided by one's own reward, but in social setting, also 
frequently modified by others' reward. Although well known as behavior, little is known about 
the underlying neural computations: how others' reward takes part in the process of one's own 
value-based decision-making and what the neural mechanisms are. For a definite examination of 
these issues, we devised a novel experimental paradigm that allows us a quantitative assessment 
under value-based decision-making framework and then combined human fMRI with 



computational modeling. Our task was composed of three types of trials (standard, other, and 
bonus). In standard trials, the subjects performed usual value-based decisions between two 
options, each of which is associated with probabilistic reward outcome. In other and bonus trials, 
extra reward to others and the self was attached to either of options so that subjects should 
consider both standard value and extra value in their decision-making. This setting allowed us to 
quantify the value of others' reward, in comparison to that of bonus, comparing their relative 
effect on the choice behavior. Using logistic regression in the behavior, we quantified each value 
(standard, others’, and bonus value) and decision value (final value difference between the 
options including extra values). We found that others’ reward modified the decisions, although 
the effect is weaker than that by bonus in the same face amount. These quantifications also 
enabled us to analyze BOLD signal to identify neural correlates for each value and decision 
value. For the brain signal, we found that both others' and bonus value had significant activations 
in the dorsolateral prefrontal cortices (dlPFC), whereas only others' value had that in the right 
temporoparietal junction (rTPJ). Both standard value and decision value had significant 
activations in the ventromedial prefrontal cortex (vmPFC). Our psychophysical interaction 
analyses further indicated others’ value encoded uniquely in rTPJ is processed in dlPFC and then 
finally integrated in vmPFC for final decisions. Moreover, we are now investigating the neural 
correlates that have significant contribution to making decisions in favor of others' reward versus 
self reward gain in our task, in relation to the individual social value orientation. These together 
show the neural underpinning for how others' reward take part in the neural processing for self 
value-based decisions. 
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Abstract: Humans often make decisions, following reward expectation or value. In social life, 
however, reward expectation often depends on the behavior of another person. In other words, 
such social decision-making often involves predicting others' mind and construct the prediction-
based value, leading to decisions. However, little is known for neurocomputational mechanisms 
of combining the prediction of others and making decisions using the prediction-based value. We 
addressed this question by devising a novel behavioral paradigm and using human fMRI in 
combination with computational-modeling-based analysis. The basic form of our experiment is 
to do value-based decision making or choose one of two options for probabilistic reward gain. 
There are three types of trials, main, self and other. Main trials required the subject to decide 
based on the prediction of others' decisions, in which the subject chooses for oneself, but each 
option's value varies upon others behavior (others’ decisions in their own choices). Self and other 
trials examined each component in the main trials; subject performed ordinary, one's own value-
based decisions (self trial) or plainly predicted others' decisions (other trial). Using these trial 
types, we aim to construct the computational model of value-based decision-making with the 
prediction. In behavior, the subject decisions followed the respective value difference, self-value 
difference in self trial and predicted-others' value difference in other trial. In main trials, the 
decisions were captured by three types of value difference: predicted-others' value difference for 
predicting others and further, based on the prediction, two possible self-value differences, 
wherein one and the other can be major and minor as accounting the subject's decision and their 
relative contribution varies dependent on the difficulty of predicting the other in each trial. These 
results were further confirmed by computational models' fit. We are currently collecting and 
analyzing human fMRI data. Using model-based analysis, in self and other trials, we got 
significant activations in valuation and social brain networks, such as vmPFC and right TPJ. In 
main trials, our preliminary results showed differential neural processing of these key value 
differences, dependent upon their functions and cognitive demands. For instance, we found that 
the neural processing of the self-value difference being major and minor is different, depends on 
how difficult to predict others. These together indicate the hierarchical computational 
mechanisms from predicting to account for others’ mind to making self-decisions. 
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Abstract: The explore-exploit dilemma is a common behavioral dilemma that arises any time we 
must choose between exploring unknown options for information and exploiting known options 
for reward. For example, when ordering dinner at a favorite restaurant, do you explore a new 
item on the menu, or do you exploit the pizza you usually get? While much work has looked at 
how humans and animals make explore-exploit decisions in isolation, real world explore-exploit 
decisions are often made in social situations, and whether other people explore or exploit may 
influence our own choice. Thus, if a table-mate orders the pizza first, you may be more likely to 
order something else instead. In this work we investigated the effect of social information on 
explore-exploit decisions in the lab using a social version of our previously published Horizon 
Task (Wilson et al. JEP:G 2014). In this task, subjects made a series of decisions between two 
one-armed bandits that paid out rewards from different Gaussian distributions whose means were 
initially unknown. To give participants some information about the relative value, at the start of 
each game, participants saw four examples draws from the bandits (either 2 plays from both, or 3 
from one and 1 from the other). We also showed them social information in the form of choices 
that (we led them to believe) were made by another person faced with the same game. Given this 
social information there are three ways for subjects to behave: to copy what the other person did 
(herding), to do the opposite (diversification), or to ignore the other person’s response 
completely. Using a model we quantified the strength of these social effects as the social bonus, 
an extra piece of value given to the other person’s choice. By computing the social bonus in a 
number of different conditions we found it to depend crucially on the interaction of two factors: 
the number of choices that subjects would make in the future (the horizon) and whether the 
outcome of the other person’s choice would ultimately be revealed. When the other person’s 
outcome would remain hidden, subjects had a higher social bonus in long horizon than short one 
(more herding) that may reflect the fact that making the right choice is harder in long horizon. 
When the other person’s outcome would be revealed, subjects had a more negative social bonus 
in long horizon than short one (more diversification) which means that subjects preferred to get 
more information by choosing the opposite option when there were future opportunities to use 
them. These findings, suggest that people use social information in nontrivial ways to facilitate 
explore-exploit decisions. 
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Abstract: Children aged 11-12 are developing skills in making decisions. One health problem 
worldwide is that food industry advertising that targets children has been related to the increase 
of childhood obesity. In this sense, it is important to know if children are able to detect 
differences between healthy and unhealthy food, and if they are more likely to modify their 
decision making of buying when a promotion is available. Healthy children between 11 to 12 
years-old participated in this study. Participants solved two main tasks. In one task, subjects had 
to decide if they buy a dish of healthy or of unhealthy food. In 50% of trials, a promotional 
article was presented above the dish and 50% of trials, a non-promotional stimulus was 
displayed. In the second task, subjects observed the same stimuli presented in the first task, but 
only the non-promotional stimulus was shown, and they had to decide if the dish displayed was 
healthy or unhealthy. Children decided to buy more frequently than not to buy. Also, unhealthy 
food was more preferred to buy than not to buy. Promotion had an effect in some subjects who 
augmented their decision making to buy when a promotion stimulus was available, and this 
increase was larger for unhealthy than for healthy food. For the discrimination task between 
healthy and unhealthy food, larger reaction times were observed for unhealthy, but no 
differences were observed in percentage of correct responses. Also, a larger amplitude of N400 



at frontal sites was observed for unhealthy than for healthy food. These results suggest that 
children are able to discriminate the energetic density of food and some of the children are 
vulnerable to promotion to buy more frequently unhealthy food. This study was conducted with 
the support of the following grants: DGAPA PAPIIT IN219516, IN218316, IA207416 to AERC, 
OPG & MMD, respectively. 
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Abstract: Making decisions often entails integrating multiple pieces of information. One way to 
achieve that is to consider each piece of information in turn. However, this strategy will produce 
poor results when many pieces of information are available and time is limited. In such 
circumstances, using the potentially faster strategy of processing multiple pieces of information 
in parallel is likely to be superior. We hypothesized that these two integration strategies would 
appear as distinct dynamical signatures in the rapid evolution of stimulus representations during 
deliberation. We recorded magnetoencephalography (MEG) from 38 participants in a novel 
behavioral task where, on each trial, participants were shown their 'team', comprising four types 
of 'players' in varying numbers., Participants’ task was to predict how many goals this team 
would score, based on the previously-learned scoring ability of each player type. Across trials, 
we independently manipulated problem complexity (the number of players and player types in a 
given team) and time limit (participants had either 1 or 2 seconds to form their prediction). 
Overall, participants provided more accurate predictions for less complex problems, and when 
under less time pressure. However, the effect of time on performance was absent in both the 
simplest and most complex problems. This suggests that for the most complex problems, 
participants adopted an information integration strategy that was less sensitive to time 
constraints, for instance, by considering all players simultaneously. In MEG, team compositions 



could be decoded during the visual presentation of the team. Decoding was most successful in 
low complexity problems and primarily reflected the players that were most relevant to forming 
a decision (i.e., those that score the most goals). Intriguingly, we also found sustained decoding 
of team composition during the 1-2 s deliberation period when the team was not overtly visible, 
potentially reflecting a deliberation process. Modeling the relationships between these neural and 
behavioral data can shed new light on strategies for information integration under time 
constraints. 
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Abstract: When asked to walk a mile, would you rather walk up a hill at the beginning of the 
mile, or near the end? Changing the time higher effort is required may determine which route 
you prefer. Given that all routes have the same metabolic cost and completion time, will the 
timing of effort change your preference? Here, we sought to clarify the role of time with respect 
to effort by comparing subjective preferences across equal objective utilities. If effort does 
interact with time, then an individual would care about when they invested a given amount of 
effort. Subjects completed 2 sessions (A and B) composed of a Familiarization Task and a 
Choice Task. In each session, subjects generated 14 effort profiles by isometrically pushing 
against a force transducer. Session A included effort profiles with brief periods of high effort 
(“hills”), while Session B included effort profiles with brief periods of low effort (“valleys”). 
During the Familiarization Task, subjects sat in front of a computer monitor and were asked to 
trace each profile with a cursor on the screen. The cursor moved horizontally at a fixed rate, 
while subjects controlled the vertical position with their pushing force. All profiles were 17 
seconds in duration and normalized to each subject's maximum force exerted. Subjects then 
completed a series of two-alternative forced choices, in which they chose between pairs of effort 



profiles experienced previously. Each of the combinations were presented 5 times distributed 
randomly (455 total). Subjects were asked to choose the profile which they felt was least 
effortful. In 10% of the trials, subjects had to execute the chosen effort profile. Subject choices 
for both sessions were fit to time-sensitive and time-neutral models, using different effort metrics 
(force, rate of force, or a combination) by maximizing the log-likelihood of the model 
representing the data. Initial results (n=12) suggest that subjects have a strong preference for 
shorter durations of high effort and have a temporal preference for when high force and changes 
in force occur within a movement. Nine of 12 subjects showed a preference for the time-sensitive 
model (3 procrastinator, 6 precrastinator) over the time-neutral model. Six of these 9 subjects’ 
data were better represented by a model that included both force and rate of force. These results 
suggest that the utility of effort is indeed time-sensitive, with subjects exhibiting idiosyncratic 
temporal preferences. Additionally, a utility function which includes the integral of force and 
rate of force can better explain subject preference than force alone. 
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Abstract: In our daily lives we are often confronted with situations in which we have to decide 
quickly. However, deciding too fast might result in incorrect choices. As such, it is important to 
find a balance between the speed of our choices and the risk of making an incorrect choice. 
Typically, the balance between the speed and accuracy of fast (two alternative) choices can be 
quantified by using accumulation-to-bound models, like the diffusion-decision model (DDM). 
According to the DDM, the decision process is described as an accumulation of sensory evidence 
toward a decision threshold. It is assumed that, when speeded choices are required, people select 
a lower decision threshold that results in faster choices, at the cost of more errors. Imaging 
studies have shown that nuclei of the basal ganglia (BG) play a role in the selection of the 
appropriate decision threshold to the demands of the environment (Forstmann et al., 2008). 
However, in addition to a threshold adaptation, effects of speed-stress on non-decision processes 



(e.g., motor preparation) are reported as well (e.g. Rinkenauer et al., 2004). Up until now, this 
change in the non-decision time has been ignored, since the non-decision time is rather 
unspecified. Whether nuclei of the BG play a role in changes in non-decision time is unclear.In 
this study participants (n=20) were asked to perform a perceptual choice paradigm while they 
underwent high-resolution (7T) functional magnetic resonance imaging (fMRI). During the task, 
participants were cued to respond either fast or accurate. Modeling the behavioral data with the 
DDM showed that the best fitting model included changes in both the threshold and non-decision 
time parameter. To investigate the role of the BG, we selected five regions of interest: striatum, 
globus pallidus interna/externa, subthalamic nucleus and the substantia nigra.These ROIs were 
segmented using the individual high-resolution anatomical image. Next, we determined the 
shape of the hemodynamic response function (HRF) for each participant and ROI separately. 
These HRFs were used to estimate the BOLD response during task instructions. Additionally, we 
investigated the relationship between changes in BOLD response and changes in the decision 
threshold and non-decision time parameters. The results show that activation in different nuclei 
of the BG seem to drive adaptations of both the decision threshold and non-decision time effects, 
giving rise to the individual differences in rapid choice behavior. This might indicate that, in 
addition to a threshold selection, effects of speed instructions on (pre) motor responses can occur 
even before or after the decision process. 
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Abstract: Humans often make variable decisions when presented repeatedly with the same 
stimuli. This trial-to-trial decision noise has typically been considered adaptive only when it 
promotes exploration of new, potentially useful information sources. Here we propose and 



present psychophysical support for the idea that even when no new information can be obtained, 
decision noise can reflect “mental exploration”: adaptive updating of uncertain models of the 
environment that is promoted by noradrenergic modulation in cortical areas linked with cognitive 
control. A key prediction is that uncertainty about statistical structure governs a fundamental 
bias-variance trade-off in decision-making between adaptability (complex models that promote 
learning but also variable choices) and precision (simpler models that resist change and instead 
provide reliable choices). We investigate this theory in the context of change detection in volatile 
environments that challenge subjects to distinguish variability coming from a stable state from 
volatile changes in the underlying state itself. In several previous experiments, subjects on 
average could adapt to varying rates of volatile changes, but with an average bias towards 
immediate sensory information, underweighting the history of task data. However, this degree of 
adaptability varied considerably across subjects, with those who adapted least doing so by erring 
more on the side of underweighting data history. We show that a biologically plausible particle-
filter algorithm that operates in “hypothesis (model) space” can account for these individual 
differences. The algorithm fit both choice and reaction time data well for each subject with only 
1-2 free parameters governing a prior distribution over this space. The fits captured different 
dynamics for different subjects, ranging from continuous, adaptive updates to a tendency to treat 
all conditions in a similar, history-independent manner. The algorithm is normative for learning 
novel statistical structure given a wide enough prior distribution over hypothesis space, and 
effectively captures the bias-variance trade-off evident in the behavioral data in terms of the 
precision of the prior. New experimental work includes change detection experiments paired 
with pupil diameter measurements recently shown by our group to reliably indicate single-unit 
activity in the locus coeruleus, the noradrenergic brainstem center. Preliminary data suggest links 
between pupil diameter and novel latent variables from this particle filter algorithm such as 
“unexpected certainty” in the decision-making process. 
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Abstract: Depending on environmental demands, humans engaged in a given task are capable to 
adjust and exploit multiple, concurrent strategies. We define the internal representations of such 
stimuli-response mappings as “task-sets”. Theoretical research on rule-guided behavior and the 
interdependence between learning and cognitive control mainly focused on abstract 
computational models at the functional level. Little is known however about the underlying 
neural implementation and mechanisms. 
We examine a candidate neural mechanism for the implementation and learning of task-sets, 
based on hebbian synaptic plasticity. The model is composed of two interacting neural circuits. A 
decision module learns one to one associations between visual stimuli and motor responses, but 
cannot learn more than one stimuli-response mapping. The activity in this module drives 
synaptic plasticity in a second neural circuit that learns event statistics on a longer timescale. 
When this second module detects patterns in stimulus-action associations, an inference bias to 
the decision module influences successive behavior. 
We show that simple unsupervised hebbian learning in the second module is sufficient to learn 
an implementation of task-sets. Their retrieval in the decision module improves behavioral 
performance. It accounts for fast contextual switching and corrects for environmental noise. The 
model predicts abrupt changes in behavioral responses depending on the precise statistics of 
previous responses. We fitted the model to human behavioral data, and produced predictions for 
learning facilitation or learning reduction based on the inference bias. The predictions of the 
model were borne out by the data, and enabled to identify from behavior alone subjects who 
have learned the task structure, confirming a post-test debriefing. Preliminary results of our 
model-based fMRI analysis show a correlation between the inference signal and BOLD activity 
in fronto-parietal network. Within this network, a dorsomedial prefrontal node seems to be 
preferentially recruited when task sets are recurrent, suggesting that activity in this region may 
provide a bias to decision circuits when a task-set is retrieved. 
These results show that simple hebbian mechanisms and temporal contiguity may 
parsimoniously explain the learning of complex, rule-based behavior. 
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Abstract: While brain response during decisions about appetitive stimuli such as food or money 
is fairly well characterized, it is less well understood how the brain encodes choices about 
aversive stimuli. One challenge is that signal related to stimulus salience (e.g. intensity) is often 
collinear with signal related to valence (e.g. aversiveness). Additionally, if brain areas are 
valence sensitive, then they should “deactivate” or decrease activation relative to baseline in 
proportion to how aversive a stimulus is, and increase activation proportional to appetitiveness, 
whereas areas that respond to salience will increase activation for both appetitive and aversive 
stimuli. Distinguishing salience from valence specific coding thus requires modeling differences 
in both increases and decreases in BOLD signal in response to both aversive and appetitive 
stimuli. Additionally, there is a limited understanding of brain response to stimuli that 
approximate real-world complexity. Here, we compare two groups of 14 participants who made 
choices between complex, individualized, hypothetical stimuli during fMRI scanning; one group 
chose amongst aversive stimuli (e.g. illnesses, car accidents) and one chose between pleasant 
options (e.g., vacations). We predicted that regions such as the insula, amgydala, and striatum 
code valence and thus would decrease their activation during aversive, but not appetitive choice. 
We further characterize this response via graph theoretical connectivity analysis to test whether 
increased/decreased activation in these regions is also accompanied by increases/decrease in 
number or strength of connections. This also allows us to compare changes in deactive region 
connectivity across conditions, which circumvents methodological limits in comparing 
deactivation using GLM analysis. We found that brain response during hypothetical aversive 
choices involves activations in areas associated with decision making, including the putamen, 
insula, and anterior cingulate, as well as deactivations valence sensitive regions, including the 
amygdala, prefrontal cortex, and hippocampus. In contrast, appetitive choices primarily were 
related to activations above baseline in these same regions. Further, we find shifts in connectivity 
between active and deactive brain regions based on task context, with greater connectivity 
among deactive regions during avoidance choices for aversive stimuli compared to approach 
choices. This difference in brain network response to decision frame suggests that salience and 
valence both factor into hypothetical choices to approach or avoid appetitive and aversive 
stimuli. 
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Abstract: Objective: We often have to choose from a large number of options (e.g. choosing a 
yogurt at the supermarket). Hick’s Law predicts that the time that we need to make a choice 
should linearly increase with the logarithm of the number of options. However, this has yet to be 
tested in economic choice. Moreover, the neural mechanisms underlying this response time 
phenomenon remain unknown. We explore these questions using an eye-tracking experiment in 
which hungry subjects choose snack food items from large choice sets of varying size (N: 9-36). 
Methods: 51 hungry individuals participated in this experiment, which consisted of choice and 
rating tasks. During the choice task, subjects faced 200 randomly assembled sets of snack food 
items (sizes: 9, 16, 25, 36). For each set, subjects were asked to choose the item that they would 
like to eat most at the end of the experiment. Subjects had as much time as they wanted to make 
their choice. In the second task, subjects rated each of the 80 food items, which provided 
independent measures of their values. 
Results: We find that subjects’ response times do increase as a logarithmic function of choice set 
size, while their response accuracy remains constant and high, consistent with Hick’s Law. In 
order to shed more light on these findings, we use the choice, response-time, fixation and value 
data to compare several computational models of the choice process in this class of 
environments. The results of this comparison show that the attentional drift-diffusion model 
qualitatively matches subjects’ choice and response-time behavior and outperforms the 
alternative models on several important dimensions. 
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Abstract: The purpose of this study is to use a Brain-Computer Interface (BCI) to identify risk 
situations and assist a person in decision-making. People lives daily with processes like this and 
such decisions become more critical when involving life-threading. In addition to environmental 
factors, cognitive process that supports a plan of action and decision-making takes into 
consideration the ability, the experience and the emotional states of the holder agent. The use of 
BCI can help identify risk situations through simulations, and propose specific training for the 
prevention of these cases, however, submitting people to potential damage from these 
occurrences. These artifacts can still be used for real time monitoring signals related to relaxation 
ans traditional models of selective attention based on external stimuli such as Steady State Visual 
Evoked Potential (SSVEP) and P300. Applications in models that use specific stimuli, for 
example visual or auditory or tactile. The responses of stimulus usually obtained by specif 
electrodes in BCI, for example, visual stimulus is picked up by electrodes positioned in visual 
cortex. Four scenarios was created using a computer simulation based on a virtual game “runner” 
style. A electroencephalography (EEG) equipment non-evasive with 16-channel is used in the 
experiment and electrodes are spread in regions of the frontal, occipital, parietal and temporal 
lobe (channels Fp1, Fp2, F7, F3, F4, F8, T7, C3, C4, T8, P7, P3, P4, P8, O1 and O2 of 10-20 
location system). The standardization is performed by checking which brain regions of the cortex 
are active given a particular decision-making in the simulation. Using temporal filters, major 
artifacts phenomena are excluded from the signal measured, such as eye blink, heartbeat and 
other that not contribute with the experimentation. Spatial filters are added in the 
experimentation to determine channels that measure useful data. Each situation class occurred in 
the simulation has the same time and its events are mapped. The filtered signal are passed by 
classifiers used to determine which of the four situations are occurring where and each of them 
has previously correct action response. Thus, given an event occurred in the simulation, the 
application can aid in the decision to be taken. Related works and preliminary results show that 



visual scenarios can be standardized to a BCI application, to classify and use the feedback to 
decision-making. In this study is being used a more generalized approach through various 
channels of EEG to identify risk situations. This work if constantly updating and some 
improvements in the computer simulation, signal filters and classifiers are still necessary. 
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Abstract: Although it has been theorized that physical proximity to reward can lead to more 
impulsive choices in humans, there has been no systematic study to corroborate this. We 
developed an immersive inter-temporal choice task, using the Oculus Rift virtual reality headset, 
to investigate whether mere proximity to immediate appetitive (sweet) rewarding cues increases 
impulsive choices towards them. We found significant increase in choices for smaller, immediate 
rewards over larger delayed rewards when they were presented within subjects’ grasp (Near; 
<30cm) compared to when they were presented outside this area (Far; 300cm). Moreover, we 
observed a correlation between near/far choice ratios and scores on the Barratt Impulsivity Scale 
(BIS). Specifically, those subjects who reported lower rates of BIS impulsivity were more 
vulnerable to this proximity choice bias. From an evolutionary perspective, we interpret this 
tendency for subjects to make more impulsive choices for proximal rewards as an adaptive bias. 
However, when viewed within the context of a modern consumer society, such a bias could be 
viewed as potentially detrimental. 
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Abstract: The production of rational sequences of decisions in complex environments is a 
hallmark of adaptive intelligence. However, planning is plagued by the curse of dimensionality. 
To overcome this, it has long been suggested that the nervous system hierarchically partitions or 
“chunks” states and actions into distinct “modules” thus enabling more efficient and flexible 
planning in high-dimensional environments. In such a modular representation, planning can first 
operate at a global level across modules acquiring a high-level “rough picture” of the trajectory 
to the goal and, subsequently, locally within each module in order to “fill in the details”. 
However, the neural and computational principles which underpin such representations remain 
obscure. In order to address this, we developed a normative theory of hierarchical environment 
decomposition optimized for a given planning algorithm based on optimally trading off the 
average (information theoretic) description length of path planning at the global and local levels. 
We used the resulting modular representations to identify behavioral and neural signatures of 
efficient state-space representation during sequential decision-making. 
Our model provides a unifying account for a diverse range of hitherto unrelated phenomena at 
multiple levels of representation and behaviour across mammalian species. For example, recent 
neuroimaging work (Javadi et al., BNA, 2014) has identified human hippocampal activity which 
parametrically covaries with changes in a state's ``degree centrality'' (a topological measure of 
connectedness) during virtual spatial navigation in London’s Soho. We show that this 
unexplained neural correlation could be due to the initiation of local search processes based on 
an optimal decomposition of the Soho environment. In (Bonasia et al., Hippocampus, 2016), it 
was verified that the mental navigation of goal-directed trajectories exhibits the phenomenon of 
compressed replay. Our model predicts the power-law scaling of such route compression as a 
function of path length they observed. Furthermore, our model suggests that the emergence of 
start/stop signals in prefrontal cortex (Fujii & Graybiel, Science, 2003) and striatum (Jin & 
Costa, Nature, 2010), and “task-bracketing” (Smith & Graybiel, Neuron, 2013) is due to 
environment representations which are efficiently coded for the production of goal-directed 



behavioural sequences and normatively justifies a variety of statistical and representational 
characteristics experimentally observed in these neural populations. 
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Abstract: Objective 
Although recent remarkable advances in brain science, the neural coding mechanisms of higher 
brain functions, such as perception, memory, learning and thinking, are less understood. Here, 
focusing on the features of a cell system of a neuron as a component of complex adaptive 
systems that consist of neural networks, we present computational analyses on the possibilities 
that a neuron can implement such advanced functions through the process of evolution and 
development. 
Methods 
We introduce the action of chaotically behaving neurons to Hodgkin-Huxley model which 
describes the time evolution of the transmembrane potential in terms of membrane currents. 
Using a spontaneous-firing neuron, properties of response to input signals are investigated. 
Previous findings indicate that sensory inputs do not induce an action potential but lock the inner 
state of a spontaneous-firing system by phase modulation [1-2]. In this case, it can be thought 
that a cell system of spontaneous-firing neuron is in the critical state from a probabilistic 
transition state of phase and frequency to a locked state of them. Because this kind of critical 
states is stable to small perturbation and low noise, spontaneous firing is effective to realize 
robust information processing. 
Results 
We observed switching phenomena between excitation and inhibition utilizing resonance caused 
by chaotic fluctuations. Our results show that there are possibilities that internal states of neurons 
can be controlled through such fluctuations generated on a cell membrane independently of input 



signals. This finding means that systems can generate different outputs from the network without 
any change of the network structure. For example, by decreasing the sensitivity of cells through 
the control of chaotic fluctuations, input signals can be cut not to be transmitted downstream. On 
the other hand, insensible signals can be transmitted by increasing the sensitivity. Because there 
are several candidates that can regulate such fluctuations by internal signals, these processes may 
play important roles in the emergence of higher brain functions such as thinking or decision 
making. 
Conclusions 
We focused on the aspect of complex adaptive nature of a neuronal cell system as an information 
processing organization and demonstrated that a neuron has the structure to realize self-directive 
and flexible responses. By revealing the emerging process of advanced functions step by step, 
the progressive breakthroughs will be brought in the related fields such as brain science and 
artificial intelligence. 
1. T. Kenet et al., Nature, vol. 425, pp. 954-956, 2003. 
2. J. Fiser et al., Nature, vol. 431, pp. 573-578, 2004. 

Disclosures:  M. Hirabayashi: None. H. Ohashi: None. 

Poster 

749. Decision Making and Reasoning 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 749.01/LLL26 

Topic: H.02. Human Cognition and Behavior 

Support: Knut and Alice Wallenberg Foundation 

 Stanford Center for Cognitive and Neurobiological Imaging 

 NSF IGERT 

Title: Distributed representation of task context by fine-scaled subnetworks in prefrontal cortex 

Authors: *M. L. WASKOM, A. D. WAGNER;  
Dept. of Psychology, Stanford Univ., Stanford, CA 

Abstract: The cerebral cortex exhibits functional organization at multiple spatial scales. While 
there is increasing understanding of how the cortex is organized into large-scale networks, which 
are themselves composed of areas, less is known about the principles that govern finer scales of 
functional organization. To address this question, we measured task-evoked responses and 
spontaneous activity from human prefrontal cortex using high-resolution fMRI. Subjects 



performed a context-dependent perceptual decision-making task in which they followed a 
shifting rule to discriminate the features of a bivalent visual stimulus. Multivariate decoding 
analyses indicated that frontoparietal control network regions in the inferior frontal sulcus (IFS) 
contained distributed representations of the task context (the rule). We sought to understand the 
organization of the information underlying these results. Using single-voxel estimates of context 
preference, we identified populations of voxels with reliable differences in activation for 
decisions made under the two contexts. These voxels were distributed throughout the IFS, but 
they also exhibited significant spatial clustering that could not be accounted for by the inherent 
smoothness of the data. We then tested whether voxels with similar context preferences were 
organized into subnetworks by analyzing spontaneous correlations in both task residuals and 
resting-state data. These analyses revealed that spontaneous correlations between voxels with 
similar context preferences were approximately twice as large as those between voxels with 
opposing context preferences. Although spatial proximity was a major influence on spontaneous 
correlation strength, increased correlations between voxels with similar preferences could not be 
fully accounted for by measures of proximity. These results suggest that distributed 
representations in human association cortex are supported by fine-scaled subnetworks, which 
illustrates a novel perspective on the functional organization of higher-order cognitive processes. 
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Abstract: Brand extension refers to the introduction of new service or goods to the market by 
exploiting an established brand. Brand extension can reduce advertising costs and market entry 
barrier, whereas it can also jeopardize brand equity by weakening a positive association with the 
original brand. Therefore, understanding how consumers evaluate brand extension is important 
to development of brain extension strategy. Many studies have investigated neural mechanisms 



underlying consumer’s evaluation of brand extension. Yet, the previous studies have focused 
only on goods-to-goods brand extension to date. Since it is more difficult to categorize services 
rather than goods, the same neural mechanism may or may not be involved in service-to-service 
brand extension. In the present study, we investigated whether neural process for evaluating 
service-to-service is similar to that for goods-to-goods brand extension via an event-related 
potential (ERP) analysis. We used a prime-probe paradigm in which participants were given a 
series of stimuli. A popular service brand name in one of the four service categories (e.g., airline, 
hotel, internet shopping mall service, and bank) was presented as a prime stimulus (S1), followed 
by one of the seven extension service names (e.g., online travel information service, travel 
agency service, legal counseling service, etc.) as a probe stimulus (S2). Participants were asked 
to evaluate the suggested brand extension without explicit response. After the experiment, 
Participants assessed each S1-S2 combination using the 7-point Likert scale (e.g., similarity 
between the service of S1 brand and S2 service). Based on the survey result, every S1-S2 
combination was divided into three groups: high-, moderate- and low- similarity groups. EEG 
signals were measured during the experiment. The ERP analysis revealed the modulation of 
N400 components over the right frontal region with the S1-S2 similarity. The N400 amplitude 
was significantly increased in the order of moderate, high, and low similarity (p < 0.05). 
However, we did not observe P2 at frontal areas that was shown in the previous studies on 
goods-to-goods brand extension evaluation. Our results indicate that consumers may use a 
different cognitive process during evaluating service-to-service brand extension compared to 
goods-to-goods brand extension. To the best of our knowledge, this is the first study to explore 
neural activity associated with service-to-service brand extension. 
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Abstract: Oxytocin is a neuromodulator thought to influence human social and affiliative 
behavior. Here we explore a neurophysiological mechanism through which oxytocin might 
influence how we adjust our communication to others. Recent evidence suggests oxytocin might 
reduce social anxiety and promote sensitivity to social cues. Yet, to date, the neurophysiological 
mechanism by which oxytocin supports human adaptive social behavior remains largely 
unknown. This study addresses this issue by exploring the neurocognitive consequences of 
oxytocin administration during human adaptive communication. Fifty-eight males participated in 
a randomized, double-blind, placebo-controlled experiment involving the intranasal 
administration of oxytocin (24 IU). The participants were asked to communicate non-verbally 
with two addressees, an adult or a child, in an experimentally controlled interactive setting. In 
reality, a confederate blindly performed the role of both adult and child addressee, such that the 
two addressees were matched in their level of understanding and differed only in terms of the 
communicator’s prior beliefs. We used magnetoencephalography (MEG) to capture the neuronal 
dynamics evoked during the live communicative interaction and contrasted neuronal activity 
evoked after oxytocin administration with that of placebo controls. We focus on broadband 
changes in neuronal activity, building on recent work showing the importance of those 
broadband shifts, i.e. changes in mean firing rates of neuronal populations, for integrating 
driving afferences with contextual information [1]. Oxytocin tonically up-regulated broadband 
neuronal activity in a right-lateralized fronto-temporal circuit previously found to support human 
adaptive non-verbal communication in a state-dependent manner. Communicators with stronger 
broadband fronto-temporal activity adjusted more readily their signals to what the addressees 
actually understood during the interaction, and were less biased by their prior beliefs about the 
abilities of those addressees. These findings point to a fundamental neuronal mechanism through 
which oxytocin influences how we adapt our social behavior, in line with previous work linking 
tonic up-regulation of broadband activity with on-line communicative alignment between 
interlocutors [2]. [1] Stolk, Verhagen, Schoffelen, Oostenveld, Blokpoel, Hagoort, van Rooij, 
Toni. Neural Mechanisms of Communicative Innovation, Proc Natl Acad Sci U S A 2013 [2] 
Stolk, Verhagen, Toni. Conceptual Alignment: How Brains Achieve Mutual Understanding, 
Trends Cogn Sci 2016 
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Abstract: People vary in processing information regarding social others. We conducted an fMRI 
study to investigate the voxel-wise neural mechanisms on forming impressions while 
incongruent social information about a person are provided. Participants were shown a male face 
with four characteristics adjectives consecutively presented beneath. Two of adjectives explained 
him positively whereas the other two gave negative information. To investigate the order and 
anchoring effects of incongruent information, two positive adjectives were followed by two 
negative adjectives in half of the trials and vice versa in the other half. Then participants 
evaluated impression toward the person on eight-point scale. The bilateral cingulate cortex were 
selected as a priori regions of interest (ROIs) and were functionally parcellated into anterior 
(ACC) and posterior cingulate cortex (PCC). Amygdala was also identified as an ROI. Each 
adjective was considered as single trial and beta estimates of every voxel in ROIs were extracted. 
We established two ideal models using step functions one of which hypothesized that beta 
estimates would gradually decrease while four adjectives were presented (model 1) suggesting 
that impression would be anchored in the initial information. The other model hypothesized the 
opposite neural activity pattern (model 2) which assumed that neural activities would increase to 
resolve the conflicts of information and the latter information would alter general impressions 
toward the person. Parameters that minimized sum of squared deviations between ideal models 
and signals from each voxel were estimated with GRG nonlinear algorithm of Solver add-in in 
Microsoft Excel and mapped in the cortex. The results showed that voxels of PCC were mainly 
fit to model 1 significantly better than model 2 suggesting impression anchoring to initial 
information. We also found functionally parcellated dorsal ACC from ventral ACC in that voxels 
in the dorsal ACC followed model 1 while those in the ventral ACC showed similar patterns with 
model 2. In addition, voxels of the amygdala showed inconsistent patterns of fitting value while 
generally following model 1 except that small clusters in the left ventral amygdala were fit to 
model 2. These data-driven findings demonstrate that activity patterns of each brain region 
during impression formation can be represented in the cingulate cortex via voxel-wise model 
estimation; the PCC yields anchoring effects of first impression regardless of valence of 
information and the ACC is involved with resolution of information incongruity. 
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Abstract: Spontaneous thinking constitutes a ubiquitous aspect of our mental life and has 
increasingly become a hot topic of research in cognitive neuroscience. To date, functional 
neuroimaging studies of spontaneous thought have revealed general brain recruitment centered 
on a combination of default mode network and executive regions. The precise temporal 
relationship between the regions recruited, however, has yet to be fully elucidated. A previous 
study by our group employed fMRI to this end (Ellamil et al., Neuroimage, 2016), and 
characterized regional recruitment in blocks of 2 seconds prior to, during, and after the 
spontaneous arising of thought. A primary finding was the recruitment of medial temporal lobe 
(MTL) structures 2 seconds prior to thought onset, suggesting a specific role of the MTL in the 
inception of spontaneous thoughts. The limited temporal resolution of fMRI, however, strongly 
constrains the precision of such analyses. The present study seeks to validate and extend our 
previous findings by employing EEG to perform a more fine-grained analysis of the temporal 
dynamics of brain activity underlying spontaneously arising thoughts. To do this, we performed 
independent component analysis (ICA) on high-density EEG recorded using the same paradigm. 
Pilot data has recovered multiple sources of electrical brain activity in line with those previously 
identified by our fMRI study. Preliminary results suggest a temporal evolution of recruitment 
that originates in limbic structures and spreads to cortical heteromodal regions. This temporal 
evolution of spontaneous thought osberved at the neural level may reflect the cognitive evolution 
of spontaneous thought as it moves from initial generation, to affective appraisal, to subsequent 
cognitive elaboration. 
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Title: The influence of eco-labeling on neural predictors of energy-efficient purchases 
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Abstract: Consumers routinely underinvest in energy efficiency by purchasing appliances with 
high long-term energy costs. The Energy Star labeling program was implemented to highlight 
energy-efficient products and has been largely successful in increasing investment in energy 
efficiency, yet consumers still vary widely in their valuations of both the Energy Star label and 
energy consumption data. In a functional magnetic resonance imaging (fMRI) task involving the 
incentive-compatible purchase of CFL light bulbs, we aimed to understand neural mechanisms 
that promote purchases of energy-efficient goods, as well as individual differences in choices. 
Specifically, we focused on individual differences in temporal discounting, which theorists have 
posited may contribute to underinvestment in energy efficiency. 
During the fMRI task, subjects (n=36) chose in 64 trials whether to buy CFL bulbs which varied 
with respect to the presence or absence of an Energy Star label, annual energy cost, and price. 
One trial was randomly chosen at the end of the experiment to count as a binding decision; if 
purchased, the bulb’s cost was deducted from the endowment and provided to the subject. 
Subjects also completed a questionnaire to ascertain their discount rates. 
Logistic regression analyses using volume of interest FMRI activity to predict purchases 
revealed that choices to purchase CFL light bulbs were positively predicted by activity in the 
nucleus accumbens (Z=3.43, p<0.001) and caudate (Z=3.62, p<0.001) and negatively predicted 
by activity in the MPFC (Z=-2.25, p=0.025). Further, the presence of the Energy Star label 
significantly increased activity in the nucleus accumbens (T=2.97, p=0.003) and caudate 
(T=3.38, p<0.001) during the decision phase. 
With respect to individual differences, those with higher discount rates showed more activation 
in response to the Energy Star label in the anterior insula, caudate, and nucleus accumbens. 
Logistic regressions revealed that in individuals with high discount rates, purchases were 
positively predicted by nucleus accumbens activity (Z=2.95, p<0.01) and negatively predicted by 
anterior insula activity (Z=-2.15, p<0.05), but in individuals with low discount rates, purchases 
were negatively predicted by MPFC activity (Z=-3.16, p<0.01). These individual differences are 



consistent with the notion that people with high discount rates may rely more on affective 
processes during purchasing, and so may respond more prominently to eco-labeling. These 
findings may help policy makers to refine eco-labeling to further increase investment in energy 
efficiency and optimize behavioral interventions across a diverse range of consumers. 
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Abstract: How do we form beliefs about hidden states? Past work suggests that such inferences 
are guided not only by the available evidence but also by the desirability of that evidence. 
However, the dynamics of this process are largely unknown. Here we use an accumulator 
model—the drift diffusion model—to describe the formation of such beliefs and the role of 
valence in this process. In a series of experiments we ask participants to play a slot machine 
which can either be in a desirable state (more likely to produce gains than losses) or undesirable 
state (more likely to produce losses than gains), and require them to report which state they 
believe the machine to be in as they play. Markedly, participants were more likely to report the 
slot machine as being in a desirable state than an undesirable state than the objective evidence 
warranted, and were faster to reach desirable conclusions, despite being incentivized for 
accuracy. Applying a drift diffusion model to this data revealed (1) a larger drift rate towards 
desirable beliefs than undesirable beliefs and (2) a response bias towards desirable beliefs. This 
suggests humans both accumulate desirable evidence faster and have a predisposition to hold 
desirable beliefs. The results offer a computational account of the role of valence in belief 
formation. 
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Title: Is there “value” in preference? 
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Abstract: It is generally believed that choices between alternative options are based on the 
subjective value associated with these alternatives. In this framework, choice preference in favor 
of one alternative over the other reflects a difference in subjective values. Here we challenge this 
framework and show theoretically and experimentally how preference emerges without value. 
Theoretically, we studied choice preference in decision-making networks by considering the 
dynamics of a standard decision-making network model composed of two large populations of 
spiking neurons that compete via lateral inhibition. We demonstrate using numerical and 
analytical methods that substantial response bias naturally emerges from the microscopic 
dynamics of the network. This happens even in symmetric settings, in which the two competing 
populations are statistically identical and receive identical input. We show that the reason for this 
bias is that the degree of spatial heterogeneities in the network architecture (quenched disorder) 
and stochasticity of neuronal activity (fast noise) identically scale with the size of the network. 
As a result, we predict that the distribution of response biases would be wide, even in a 
symmetric decision-making task.Experimentally, we studied choice behavior of human 
participants in two experiments, in which the “values” associated with the two alternative actions 
are equal. In the first experiment, we measured the response bias of participants in a symmetrical 
version of the bisection task and found that the distribution of response biases across the 
population of participants is substantially and significantly wider than expected by chance, as 
predicted by our theory. In the second task, participants repeatedly chose the order of two 
sequentially executed motor plans and we measured their order preference. Again, we found that 



despite the task being temporally symmetric, the distribution of order-preference across the 
population of participants was wide. We conclude that consistent choice preference, even in 
symmetrical settings, is a natural consequence of the dynamics of competing neural networks 
and does not require any additional assumptions about a valuation system. 
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Abstract: Studies have demonstrated that freely made decisions are associated with activation of 
regions of the frontoparietal network (Rowe et al., 2005, Thimm et al., 2012) but it is unclear to 
which part of the decision-making process this activity relates. We examined whether freely 
made choices differed from instructed choices in the period of choice selection, prior to both 
motor preparation and response execution. We further examined to what extent activity at this 
time would predict the type of decision being made. We created a novel decision-making 
paradigm in a virtual environment that 22 participants (15 female, mean age 23) performed 
during fMRI. Participants were required to search for rewards by selecting one of three 
differently coloured doors at the end of a virtual corridor. The Instructed condition cued 
participants to choose a specific door colour. The Free condition required participants to choose 
a colour door of their own volition; however, participants were not permitted to make the same 
choice as in the previous trial. This rule was implemented to hinder the influence of patterns of 
choice history on the current decision. The time leading up to the decision point was divided into 
two epochs, with the doors becoming visible only during the second half. This permitted a time-
window of analysis that isolated the process of decision generation, prior to the planning of 
specific motor responses. 



We firstly used multi-voxel pattern analysis (MVPA) with a whole-brain searchlight approach 
(Kriegeskorte et al., 2006) to investigate where the patterns of neural activity differed between 
Instructed and Free choice conditions. We found that decision type could be decoded, with a 
minimum decoding accuracy of 70%, in widespread regions of the brain, predominantly in the 
frontal and parietal lobes. In order to examine the networks in more detail, we then conducted a 
mean-centred Partial Least Squares (PLS) analysis (McIntosh et al., 1996). This revealed an 
increase in activity for Free over Instructed choices that included areas in two key networks: the 
frontoparietal network and the salience network with bilateral insula. These networks are thought 
to be involved in attentional processing and the integration of relevant stimuli in order to allow 
evaluation between options. In conclusion, these findings suggest that activity of the 
frontoparietal network may be involved in the choice selection process of intentional decision-
making and that this occurs at a conceptual level, independent of action preparation. 
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Abstract: The United States criminal justice system is imperfect, as evidenced by recent high-
profile exonerations reminding us that errors in the criminal justice system can and do occur. 
Reducing the frequency of these errors requires an understanding of the processes by which 
jurors arrive at a decision of guilt. Of fundamental concern are the juror’s goals when making 
this decision. In addition to the trial evidence, is the process of deciding guilt based on measuring 
threat, maximizing personal utility, weighing moral culpability, or a combination of each of 
these? In order to better understand the nature of the neural processes underlying the assessment 
of guilt, we performed fMRI scanning on 32 jury eligible participants while details of mock 
criminal cases were revealed to them in a staged fashion. Information provided to the jurors 
included the type of crime, physical evidence, prior criminal history, and the presence of a 



witness. Each of these pieces of evidence contributed to decisions of guilt. With each revealed 
piece of information, the accumulation of evidence in each scenario was modeled as a sum of the 
weight of each factor, with model weights determined by previous large-scale behavioral studies. 
Whole-brain corrected univariate analyses indicated that a single, bilateral region of the brain, 
the temporal-parietal junction (TPJ) correlates with the linear accumulation of evidence of guilt. 
Using the perceptual decision making literature as a parallel, evidence accumulation within only 
the TPJ distinguishes it from decisions about deserved punishment, which have been shown to 
incorporate assessments of harm or personal utility, associated with activations in the amygdala 
and striatum. Activation in the TPJ could then imply a dependence on measuring theory of mind 
which could include moral responsibility, intent, or interpreting another’s actions. 
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Abstract: Dopamine has long been thought to play a role in risky decision-making, with higher 
baseline levels of dopamine thought to drive risk seeking behavior. Despite this progress, the 
exact nature of the relationship between dopamine and risk taking is incompletely understood. 
For one thing, dopamine has different effects on different receptors, which are themselves 
distributed differently in different areas of the brain. Moreover, some studies have found that 
dopamine genes and drugs have different effects depending on range of other factors including 
gender, sensation seeking and whether the risks involve gains or losses. 
In this work we sought to shed more light on dopamine’s role in risk taking by using a 
remarkable relationship between the rate at which someone blinks and the amount of D2-related 
dopamine in striatum (Karson, 1983; Elsworth et al., 1991). We therefore hypothesized that if 
blink rate reflects dopamine and dopamine drives risk taking, then we should see a positive 
relationship between individual differences in blink rate and risk taking across the population. 
To investigate the relationship between blink rate and risk seeking, we measured blink rates and 



financial risk taking in 45 participants ranging in age from 18 to 59. Blink rates were measured 
by manually counting blinks in videos of the participants “staring into space”. Financial risk 
taking was measured using a survey in which each question offered participants a choice 
between a certain outcome (e.g. 100% chance of $240) and a risky outcome (e.g. 25% chance of 
$1000). The survey consisted of nine questions and included questions with both gain and loss 
framing of the outcomes. 
Consistent with previous work linking dopamine to risky decisions, we found a strong positive 
correlation between blink rate and the number of risky choices a participant made (Spearman’s 
ρ(43) = 0.57, p = 4.45 × 10e-5). Contrary to prior findings, we found that this correlation was not 
dependent on age or gender and was identical for both gain and loss framing. 
These findings suggests that D2-related dopamine plays a crucial and quite general role in 
determining financial risk taking across the population. In addition our work demonstrates the 
potential of spontaneous blink rate as a simple method of probing dopamine for decision-making 
research. 
Karson, C.N. (1983). Brain 106 (3), 643-653 
Elsworth, J.D. et al. (1991). J. Pharmacol. Exp. Ther. 259, 595-600. 
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Abstract: Humans have the capacity to access and report their own mental states. A widely used 
method to study these metacognitive capacities is to have observers do a challenging perceptual 
task followed by a confidence judgment regarding task performance. In this operationalization, 



metacognitive accuracy can be quantified as the correspondence between the subjective 
confidence judgments and objective task performance. While more evidence has been gathered 
regarding the mechanisms and brain areas involved in metacognitive monitoring, some of the 
core properties of metacognition remain largely unknown. One of the central questions is 
whether, and to what extent, metacognitive monitoring should be considered domain-general: is 
the computation of confidence fully independent of the nature of the task (i.e., domain-
generality), or does it also involve task-specific components (i.e., domain-specificity)? Here we 
sought to further describe the commonalities and specificities of metacognition across vision and 
audition, and extend it to touch, a sensory modality that has been neglected so far. We first 
examined correlations between metacognitive accuracy during a visual, auditory, and tactile 
discrimination task (Experiment 1). Next, extending our paradigm to conditions of audiovisual 
stimulation, we quantified for the first time the links between unimodal and multimodal 
metacognition, and assessed through computational modeling how multimodal confidence 
estimates are built (Experiment 2). Finally, we investigated the neural mechanisms of unimodal 
and multimodal metacognition by replicating Experiment 2 along with electroencephalographic 
recordings combined with amplitude and frequency analyses (Experiment 3). Together, these 
results provide new insights regarding the behavioral, neural, and computational bases of 
metacognition across different senses, and, crucially, when they are combined. Based on 
behavioral and neural evidence, we propose that domain-generality during metacognitive 
judgments are driven by decisional factors during the first-order task which are modality-
independent (e.g., reaction times), and thus likely candidates to explain partial domain-generality 
in metacognition. 
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Abstract: A coordination with timing and patterns of breathing is thought to be crucial for 
making an action and succeeding a task performance during sports, such as football (soccer), 
baseball, tennis, and martial arts. Indeed, autonomic functions including respiration can be 
controlled by human prefrontal cortex, which is primarily involved in executive functions and 
cognitive flexibility, such as set shifting and behavioral inhibition. To understand the respiratory 
patterns regarding cognitive flexibility, we investigated changes in respiration and vagal activity 
during a complex discrimination task, which demands high cognitive flexibility. We found at 
least four natural breathing types in 38 healthy subjects during the discrimination task. These 
breathing types were composed of mainly three elements (periodicity, extension of 
apnea/expiration, and randomness): 1) periodic type (P, 60.5%, n=23), 2) periodic + 
apnea/expiration-extending type (PE, 15.8%, n=6), 3) random type, in which the respiration 
swings quickly between inspiration and expiration or makes two/three peaks during expiration 
(R, 18.4%, n=7), and 4) apnea/expiration super-extending type (5.3%, n=2). Then, we further 
analyzed respiration and heart beats during the task in subjects with P, PE, and R respiratory 
patterns. We showed that the study and test phases in the task had shorter respiratory cycle, 
smaller respiratory amplitude, and smaller respiratory sinus arrhythmia (RSA) amplitude as 
compared to those during the pre-task state. Interestingly, the test phase, which demands set 
shifting, behavioral inhibition, and recognition, had shorter expiratory phase and larger numbers 
of heart beats in inspiratory phase as compared to those during the pre-task state and study phase. 
These results suggest that respiratory patterns are well coordinated by cognitive flexibility and/or 
recognition. More importantly, we found that subjects with R patterns had smaller RSA 
amplitudes as compared to those with P or PE subjects, suggesting that the sympathetic tone is 
more likely to be activated in R-type subjects. We will discuss about a further possible 
correspondence of respiratory types to autonomic patterns regarding a cognitive performance. 
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Abstract: The bulk of the mind-wandering literature has primarily operationalized spontaneous 
thought as a function of being on- versus off-task, with rates of stimulus-independent or task-
unrelated thoughts accounting for 30 -50% of daily life (e.g., Killingsworth & Gilbert, 2010). 
This task-centric perspective has predominately shaped the way in which researchers have 
attempted to capture spontaneous mental activity, and has in turn neglected the dynamic property 
of mind-wandering, namely the tendency of the mind to move in a relatively unconstrained 
fashion within a broad conceptual scope of ideas from one moment to the next (e.g., Christoff et 
al., in press). The present study capitalized on experience-sampling methodology to developed 
novel probe items that aimed at empirically measuring thoughts’ dynamic qualities outside of the 
lab, where thoughts are expected to be subject to a host of potentially concurrent and ongoing 
tasks and at the mercy of contextual influences. Participants responded to thought probes at 
randomized times over the course of multiple days, being asked to rate their thoughts on a 
number of different dimensions (7-point Likert scales), including the apparent randomness and 
speed in the movement of their current thoughts, their thoughts’ relatedness to the current 
activity (on- vs. off-task), as well as the extent to which they felt drawn to think about something 
(automatic constraints). In line with prior research, subjects reported being off-task 
approximately a third of the time, and experienced similar frequencies of thoughts that were 
characterized by moderate to high levels of randomness. Our results suggest an overall 
significantly negative relationship between these two dimensions: The more participants reported 
being off-task, the more their thoughts moved freely or randomly. This relationship, however, 
differed considerably among subjects, suggesting that the pervading dynamic quality of mind-
wandering is not wholly captured by definitions of mind-wandering exclusively centered around 
task-focus. This suggests a need to identify what influences the free movement of thought above 
and beyond those constraints posed by task-focus. 
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Title: Fast sequences of non-spatial state representations in humans 
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Abstract: Fast internally generated sequences of neural representations are suggested to support 
learning and online planning. However, these sequences have only been studied in the context of 
spatial tasks, and never in humans. Here, we recorded magnetoencephalography (MEG) while 
human subjects performed a novel non-spatial reasoning task. The task required selecting paths 
through a set of six visual objects. We trained pattern classifiers on the MEG activity elicited by 
direct presentation of the visual objects alone, and tested these classifiers on activity recorded 
during periods when no object was presented. During these object-free periods, the brain 
spontaneously visited representations of approximately four objects in fast sequences lasting on 
the order of 120 milliseconds. These sequences followed backward trajectories along the 
permissible paths in the task. Thus, spontaneous fast sequential representation of states can be 
measured non-invasively in humans, and these sequences may be a fundamental feature of neural 
computation across tasks. 
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Abstract: Value-based decision-making requires the accurate assessment of the likelihoods of 
outcomes. We previously found that age influences frontostriatal neural activity involved in such 
valuative processes in older adults. To evaluate temporal counterparts of these age effects on 
frontostriatal valuative processing, we measured young and older adult event-related potential 
(ERP) responses towards different likelihoods of reward and cost, 11 young (mean age (SD) = 23 
(1.9) yrs; 6/5 males/females) and 11 older (mean age (SD) = 68 (4) yrs; 3/8 males/females) 
normal participants performed the lottery choice task (LCT) as continuous EEG (32 channels) 
activities were recorded. In each trial, participants saw reward (or cost) magnitude (high, middle, 
or low) and probability (high, middle, or low) information, and either accepted or rejected the 
stakes. Across reward magnitude levels, older adults showed riskier behavior than young adults, 
having significantly higher acceptance rates (old = 13.3%; young = 4.2%; p < .05) for low 
probability stakes. We also found a general P3-like late positivity response (450-750ms) across 
the three probability conditions from anterior-to-posterior sites (Fz, Cz, Pz) and focused on this 
component. Overall, older adults showed an enhanced late positivity amplitude for both high and 
low probability conditions (mean (SD) amplitude; high, 6.3 uV (1.0); middle, 4.7 uV (1.1), and 
low, 5.5 uV (1.1)) whereas young adults showed an enhanced amplitude only for the high 
probability condition (mean (SD) amplitude; high, 6.4 uV (1.0); middle, 5.7 uV (1.0); and low 
5.5 uV (1.1)) (F= 2.97, p =.06). Moreover, in middle probability and accepted high probability 
trials, reward magnitude did not modulate late positivities in young or older adults. In rejected 
low probability trials, however, lower reward magnitudes significantly decreased the late 
positivity in old (mean (SD) amplitude; high, 5.1 uV (1.4); middle, 5.7 uV (1.0); and low, 3.2 uV 
(1.1)) but not young adults (mean (SD) amplitude; high, 3.3 uV (1.4); middle, 2.6 uV (1.0); and 
low, 3.5 uV (1.1)) (F= 8.03, p < .05) . In sum, we identify the P3-like late positivity response as 
a key ERP indicator of age differences in valuative processing with implications for the temporal 
dynamic of frontostriatal activity. These results suggest that older adult risk-taking tendency is 
related to greater salience of low prospects despite costs. 
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Abstract: Low-frequency oscillatory activity has been the target of extensive research both in 
cortical structures and in the basal ganglia (BG), due to numerous reports of associations with 
brain disorders and the normal functioning of the brain. Additionally, a plethora of evidence and 
theoretical work indicates that the BG might be the locus where conflicts between prospective 
actions are being resolved. Whereas a number of computational models of the BG investigate 
these phenomena, these models tend to focus on intrinsic oscillatory mechanisms, neglecting 
evidence that points to the cortex as the origin of this oscillatory behaviour. In this study, we 
employed a new spiking neural model of the BG circuitry to investigate the relationship of wave 
properties of entrained cortical inputs, dopamine and the transient effectiveness of the BG, when 
viewed as an action selection device. We found that cortical frequency, phase, dopamine and the 
examined time scale, all have a very important impact on the ability of our model to select. Our 
simulations resulted in a canonical profile of selectivity, which we termed selectivity portraits. 
Taking together, our results suggest that the cortex is the structure that determines whether action 
selection will be performed and what strategy will be utilized while the role of the BG is to 
perform this selection. Some frequency ranges promote the exploitation of actions of whom the 
outcome is known, others promote the exploration of new actions with high uncertainty while the 
remaining frequencies simply deactivate selection. Based on this behaviour, we propose a 
metaphor according to which, the basal ganglia can be viewed as the "gearbox" of the cortex. 
Coalitions of rhythmic cortical areas are able to switch between a repertoire of available BG 
modes which, in turn, change the course of information flow back to and within the cortex. In the 
same context, dopamine can be likened to the "control pedals" of action selection that either stop 
or initiate a decision. Finally, the frequency of active cortical areas that project to the BG acts as 
a gear lever, that instead of controlling the type and direction of thrust that the throttle provides 
to an automobile, it dictates the extent to which dopamine can trigger a decision, as well as what 
type of decision this would be. Finally, we identified a selection cycle with a period of around 
200 ms, which was used to assess the biological plausibility of the most popular architectures in 
cognitive science. Our results agree well with experimental observations, provide new 
justifications and insights into oscillatory phenomena related to decision making and reaffirm the 
role of the BG as the selection centre of the brain. 
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Title: Connnectome analysis of category naming fluency in frontotemporal degeneration 
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Abstract: A data-driven eigenanatomy approach previously showed that a combination of grey 
matter (GM) and white matter (WM) was more robust statistically than either of these modalities 
alone in defining the neuroanatomic basis for the common neuropsychological task - letter-
guided category naming fluency (FAS) - in patients with frontotemporal degeneration (FTD) 
(Cook et al, 2015). Recent advances in imaging analysis have adopted a game theory approach to 
evaluate the combined role of GM and WM in the identification of the anatomic associations of 
neurodegenerative syndromes such as Alzheimer’s disease and FTD. Here, we used game theory 
analyses to evaluate the large-scale network subserving FAS performance in non-aphasic 
patients with behavioral variant FTD (bvFTD). We examined 46 patients meeting research 
criteria for bvFTD (Rascovsky et al, 2011) and 46 healthy, demographically-matched controls. 
Patients performed a letter-guided category naming fluency task (FAS). All participants also 
obtained T1-weighted MRI with 1mm isotropic voxels, and cortical GM was partitioned into 98 
regions using the OASIS label set. Diffusion-weighted imaging used a 30-direction protocol. All 
WM voxels were seeded, and deterministic tractography was used to identify streamlines 
between 2 different GM regions (nodes). Fractional anisotropy (FA) was averaged across 
streamlines to weight projections (edges) between nodes. We obtained several measures of 
network integration and segregation. Our results showed widespread reduction in FA projections 
between nodes in frontal and left temporal regions. Regression analysis related FAS performance 



to these projections (p<0.05, Bonferroni-corrected). In addition, we found reduced degree 
centrality (number of projections between each node and other nodes in the network) and 
reduced closeness centrality (shortest projections between each node and all other network 
nodes) in frontal-temporal regions in bvFTD (p<0.05, FDR-corrected), and these measures of 
integration were related to FAS performance in frontal-temporal regions. While there were 
reduced frontal-temporal hubs (nodes through which shortest-path projections pass, or 
betweenness centrality) in bvFTD, this was not related to FAS performance. We also found 
reduced cluster-efficiency (a measure of segregation related to modularity) in frontal-temporal 
regions of bvFTD, but this was not associated with FAS performance. We conclude that large-
scale neural networks are compromised in bvFTD, and that the deficit in these patients is most 
closely related to a specific disorder of network integration that reflects poorly integrated frontal-
temporal nodes. 
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Abstract: In recent years, there has been much progress in understanding how humans and 
animals learn about statistical regularities in the environment to make optimal decisions, as well 
as how they track changes sudden changes in environmental statistics based on noisy data. 
Broadly speaking, this problem has been studied using two kinds of data, those that are 
continuous or ordinal-valued, and those that are binary or categorical. The first kind has often 
been modeled using variants of the Kalman filter, while the latter kind has been found to be 



successfully captured by the Dynamic Belief Model (Yu & Cohen, 2009), or DBM, a variant of a 
Bayesian hidden Markov model that assumes the observations to be iid distributed from a hidden 
variable, which itself goes occasional and discrete changes. We previously showed that DBM 
can explain a variety of behavioral phenomena: sequential adjustment effects in 2AFC 
discrimination tasks, inhibitory control (e.g. stop-signal) tasks, and explicit prediction tasks, as 
well as providing a normative explanation for matching-type behavior in a multi-choice visual 
search task and exploration stochasticity in multi-arm bandit tasks. However, the computational 
and representational complexity of DBM make it unlikely to be exactly implemented in the 
brain. Here, we show that DBM can be very well approximated by a simple linear exponential 
filter, i.e. linearly combining previous observations using weights that decay exponentially into 
the past. We derive the parametric form of this approximation, showing that the discount factor 
is a linear function of the assumed hazard rate for change in the corresponding DBM, and that 
the predictive prior probability of each possible outcome can be computed solely as a function of 
empirical statistics related to this outcome, with no need to interact with data related to the other 
alternatives. Interestingly, this approximation is exactly equivalent to the dynamics of an 
appropriately tuned leaky integrating neuron. Our results also imply that Bayesian learning is 
achieved to very good approximation by a fixed learning rate in the linear exponential filter, or 
equivalently a fixed gain in the leaky integrating equation, with no need to explicitly compute the 
probability of a change having taken place; To conclude, this work makes interesting predictions 
for how statistical learning and choice behavior depend on experimental variables such as the 
number of outcome alternatives; it also has direct implications for identifying the neural 
substrate of statistical learning and change-detection based on noisy categorical data. 
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Abstract: It is known in theta band (3-7 Hz) of electroencephalogram (EEG) studies, theta band 
in front midline area is associated with focused attention. This band is called frontal midline 



theta rhythm (Fmθ), frequency is 6-7 Hz. However, the theta band used in these studies had a 
wide range (3-7Hz), it is difficult to determine whether Fmθ (6–7Hz) was involved in the results. 
Therefore, the present study examined to classify theta band into low theta band (3-5Hz; Lθ) or 
high theta band (6-7Hz; Hθ), and use a 128-channel digital electroencephalograph to compare 
their appearance patterns in athletes and non-athletes at the onset of voluntary movement. 
The subjects were 18 healthy right-handed men, 9 of which were athletes (kendo practitioners; 
18-21 years of age (20.6 ± 1.1)) and 9 were non-athletes (18–22 years of age (19.5 ± 2.1 years)). 
The experimental task consisted of a voluntary movement task, which was pushing a button. The 
task was performed in sets of 30 and repeated 3 times, for a total of 90 times; a 3-min break time 
was provided between trials. 
The EEGs were recorded on the scalp by 128 channels. The standard electrode during the 
recording was positioned on the vertex of the head and the grounding electrode was on the Fpz 
(frontal Midline-Parietal). Recording conditions were defined as follows: 500 Hz as sampling 
frequency, 0.1 Hz as low frequency filter, 200 Hz as high frequency filter and 100 kΩ or lower 
as resistance value between the electrode and the scalp. 
As a results, the occurrence pattern of the Lθ was especially localized in the prefrontal area from 
an onset of a voluntary movement. On the other hand, the occurrence pattern of the Hθ was 
localized in the frontal midline area from 2 seconds before the button press, was localized in the 
prefrontal area from an onset of a voluntary movement. In addition, there potential powers ware 
significantly higher in the athletes. 
The present result suggested that there is a difference between the occurrence pattern of the Lθ 
and Hθ at the onset of a voluntary movement. In addition, the potential power of the θband high 
in athletes, exercise was suggested may enhance the focused attention. 
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Title: The use of mobile EEG in a pilot study focused on the impact of low current brain 
stimulation on math understanding and calculations. 
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Abstract: Introduction 
This project was designed to identify neural correlates of math calculations central to successful 
functioning in STEM programs of study. The intent was to determine the impact of the low brain 
current stimulation in effort to enhance performance on math calculations. Outcome data were 
collected through EEG data collection and performance in math calculations. 
Participants 
Participants were undergraduates registered for a pre-calculus course at a research university in 
the southeast. The pilot study included 10 participants, 7 females and 3 males. The age of 
participants ranged from 19 to 22. Participants were paid $100 for completing six sessions. 
Procedures 
We initially collected baseline data of brain activity, five minute EEG recording. We used a 
mobile EEG amplifier so we could move from the laboratory to the natural environment, the 
classroom. Participants were randomly assigned to either a control (sham) condition or an 
experimental condition. The sham condition participants received a 1 mA 30 second 
administration of transcranial direction current stimulation, tDSC. The experimental condition 
participants received a 2 mA administration for 20 minutes prior to exposure of the instructional 
video, math calculation performance and classroom experience. Placement for anodal stimulation 
for both groups was at the P3 electrode based on the 10-20 International System. P3 and the left 
intraparietal sulcus which has been associated with math calculations. The cathode electrode was 
place over T4 based on the 10-20 International System and is associated with fine motor and 
should not impact math performance. Participants were initially shown a video demonstration of 
pre-calculus problems. Following the video participants completed a calculation based on the 
video. EEG data were collected while the participants completed the calculations. Participants 
completed six sessions, a baseline and five sessions involving exposure to math calculations 
videos and completion of math calculations. 
Results 
Spectral data were analyzed using ASA Lab software (ANT Neuro). Initially we removed 
artifacts from raw EEG data. The artifact filter was set at 75 µHz and -75 µHz. Once artifacts 
were removed data were converted to average spectral outcomes based on four second intervals. 
Four second intervals were randomly selected from each EEG data collection session. We will 
discuss preliminary pilot data comparing those receiving tDCS prior to viewing pre-calculus 
problems and while completing problems. 
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Abstract: Background Attention and stimulus valence independently strongly modulate fMRI-
estimated cortico-limbic activity. Generally, fMRI responses represent a combination of top-
down (attention & regulatory) and bottom-up (stimulus-driven) processes (Logothetis, 2009), 
particularly in the context of emotional processing. Inducing congruence between top-down 
processes (“what is being looked for”?) and bottom-up processes (“does the stimulus conform to 
what is being looked for”?) may be a way to enhance the sensitivity of the brain’s emotion 
regulatory systems such as the orbitofrontal (OFC) and cingulate cortices (ACC) , and may be 
particularly valuable in characterizing clinical syndromes characterized by emotional 
dysregulation. Here we compared effects of positive (+ Context & + Stimuli) and negative (- 
Context & - Stimuli) congruence in healthy controls (HC) and patients with Borderline 
Personality Disorder (BPD), an Axis II personality disorder characterized by emotional 
dysregulation and hyper-lability (Leichsenring et al, 2011). Methods fMRI was collected (3T, 
Siemens Verio) while 42 BPD subjects and 29 healthy controls performed a modified CPT task 
(Soloff et al, 2015). A block of trials began with instructions specifying the context (+ve or -ve) 
indicating the affective class of faces on which to enhance vigilance. During the block, 
participants were shown a series of faces (1 Hz, jittered ISI) with letters (“A” or “X”) imposed 
on the bridge of the nose, where “X” was a target only if facial valence was consistent with the 
context. Event related analyses (SPM 8) were used to estimate fMRI responses to congruent 
events in each class (+ve and -ve). Each participant contributed these two contrast maps to a 
second level using random effects analyses of variance, with Group (HC vs. BPD) modeled as 
independent factor and valence (-ve vs. +ve) modeled as non-independent factor. The results are 
specifically focused on Group x Valence interactions (p<.05). Results In HC, modulation of 
OFC activity increased from positive to negative congruence, an effect notable given the OFC’s 
cardinal role in emotion regulation under conditions of -ve valence (Underwood et al., 2016). By 
comparison, in BPD, the modulation of the OFC decreased from positive to negative congruence 
suggesting reduced modulation under conditions of high emotion regulatory demand. 



Conclusions The results imply a “turning off” in BPD of emotion regulatory regions under 
conditions when negative stimuli are evaluated in negative context. Manipulating top-down and 
bottom-up mechanisms of evaluating valence may enhance the search for mechanisms of 
emotional dysregulation in syndromes such as BPD. 

Disclosures:  R. Manimalethu: None. K. Ramaseshan: None. A. Burgess: None. P. Soloff: 
None. V. Diwadkar: None. 

Poster 

750. Human Cognition 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 750.02/LLL48 

Topic: H.02. Human Cognition and Behavior 

Title: Individual differences in frontal alpha asymmetry and achievement goals mastery versus 
asymmetry 

Authors: *M. E. MINEAR, W. SCOTT, 82071, M. COWEN, M. BROWN, T. HOLMES, D. 
MECHAM, W. MILLER, M. RADICH, A. STILL;  
Psychology, Univ. of Wyoming, Laramie, WY 

Abstract: Relative differences in left v. right frontal lobe activity at rest as measured by inverse 
alpha power (8-13Hz) have been shown to correspond to individual differences in approach v. 
avoidance tendencies as measured by self-report instruments such Carver & White’s BIS/BAS 
Scale with BAS approach motivation associated with greater left resting activity and BIS 
associated with greater right activity. BAS corresponds to a behavioral tendency to seek out 
positive and negative reinforcement while BIS reflects sensitivity to punishment & reward and 
behavioral inhibition. Achievement goals are the reasons why an individual pursues a goal. Two 
dimensions of achievement goals have been proposed, mastery v. performance and approach v. 
avoidance motivation. 
We hypothesized that frontal asymmetry would correspond to the approach- avoidance 
dimension such that both mastery and performance avoidance goals would be related to right 
sided activity while approach goals would correlate with greater left activity. 
Methods 
23 participants (14 female) completed both the BIS/BAS Personality Survey (Carver & White, 
1994) and the Achievement Goal Questionnaire-Revised (AGQ-R; Elliot & Murayama, 2008). 
To measure frontal asymmetry, we used the resting paradigm reported in many previous studies 
of temperament and affect. EEG data were collected from the participants while they quietly 
rested in a darkened room for 8 one minute EEG trials, 4 eyes-open, 4 closed. Data were 



collected using a high density 128 channel system (EGI) with a 250Hz sampling rate and a 
bandpass 0.1 to 100Hz filter. Log transformed power data in the alpha range for channels 
corresponding to frontal electrodes F3, F5, and F7 on the left and F4, F6 and F8 on the right were 
computed using EEGLab. Asymmetries scores were computed by averaging the 3 channels on 
the left and the right and subtracting left activity from right. 
Results 
BIS scores were negatively correlated with asymmetry scores (r = -.42) i.e. higher BIS scores 
were associated with greater right frontal activity as has been reported previously. BIS was 
positively correlated with all four achievement goals. However, only performance goals (both 
approach and avoidance) showed a relationship with frontal asymmetry scores similar to BIS 
scores i.e. associated with greater right frontal activity while neither mastery goal was associated 
with asymmetry. 
Our hypothesis was not supported. Instead, these data suggest that performance goals in which a 
person evaluates her performance against others is related to right hemisphere activity regardless 
of approach or avoidance motivation. 
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Abstract: Background: D-lysergic diethylamide (LSD) is a hallucinogenic drug with potent 
psychotropic effects. LSD may produce psychotic-like symptoms such as visual, tactile, acoustic 
hallucinations, change in body perception, and synesthesia. Traditionally, the psychotropic 
properties of LSD have been attributed to its effects at the level of the serotonin (5-HT) system, 



but given the role of dopamine (DA) in the pathogenesis of psychosis, an interaction of LSD 
with the DA system cannot be excluded. Current knowledge regarding a possible in-vivo 
interaction of LSD with mesolimbic dopamine (DA) neurons of the ventral tegmental area 
(VTA), the main source of DA innervation in the brain, is limited. In-vitro studies have 
demonstrated that LSD has affinity for DA receptors, in particular D2 receptors, and for trace-
amine associated receptor 1 (TAAR1), in addition to its affinity for 5-HT1A and 5-HT2A 
receptors. Thus, we examined the in-vivo effects of cumulative doses of LSD on VTA DA 
neurons, and attempted to identify the underlying neurobiological mechanisms. Methods: Using 
in-vivo electrophysiology, we first studied the effects of cumulative doses of LSD (5-120 ug/kg, 
i.v.) on VTA DA neurons and on 5-HT neurons in Sprague-Dawley male adult rats. Secondly, 
we tested the contribution of 5-HT1A, D2, and TAAR1 receptors in the mechanism of action of 
LSD upon VTA DA neurons by using the D2 antagonist haloperidol (HALO,50 µg/kg, i.v.), the 
5-HT1A antagonist WAY-100,635 (WAY,500 µg/kg, i.v.), or the novel synthesized trace amine-
associate receptor 1 (TAAR1) antagonist EPPTB (5 mg/kg, i.v.). Results: LSD dose-dependently 
decreased VTA DA firing activity at doses higher (30-120 µg/kg, i.v.) than those (5-20 µg/kg, 
i.v.) inhibiting dorsal raphe 5-HT neurons (ED50: 71.8 vs. 13.1 µg/kg; F(2,7)=39.34, P<0.0001). 
The inhibitory effects of LSD on VTA DA firing activity were prevented by HALO, WAY and 
EPPTB, suggesting the involvement of D2, 5-HT1A and TAAR1 receptors in the mechanism of 
action of LSD. Interestingly, the single i.v. injection of 5 mg/kg EPPTB increased VTA DA 
firing activity compared to vehicle (2.89±0.60 vs 2.15±0.34 Hz, P=0.002). Discussion: These 
results demonstrate that LSD at low doses affects the 5-HT system while at high doses strongly 
modulates DA mesolimbic neuronal activity with a pleiotropic mechanism of action involving 5-
HT1A, D2 and TAAR1 receptors. Moreover, for the first time, we demonstrated that EPPTB exerts 
a tonic enhancement of DA firing activity in vivo.  
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Title: The wandering brain: Individual differences in grey and white matter structure predict 
frequency of goal-related and emotionally positive self-generated thoughts 
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Abstract: Self-generated thought has been most famously tied to activity in brain regions of the 
default mode network (DMN), although a number of regions outside the DMN appear to be 
consistently involved as well (Fox et al., 2015). Little is know, however, about how the brain’s 
anatomical structure might vary in individuals with differing overall patterns of thought. For 
instance, individuals show marked differences in the frequency with which their thoughts are 
goal-related (vs. unrelated) and emotionally positive (vs. neutral or negative). Are these 
individual patterns of thinking related to individual differences in neuroanatomy? We sought to 
explore the relationships between these individual propensities and both grey matter 
concentration (using high-resolution T1 anatomical MRI scans) and white matter integrity (using 
diffusion tensor imaging). Following a morphometric neuroimaging scan, we allowed subjects to 
rest and think freely, interrupting their thinking at random intervals with occasional thought 
probes. A total of 120 probes asked subjects (i) whether their thoughts arose spontaneously, or 
whether they were intentionally directing them; (ii) whether thoughts were related to their 
current concerns and goals in life, or not; and (iii) whether they were emotionally pleasant, 
unpleasant or neutral. Overall individual difference scores were calculated for each participant 
(e.g., proportion of positive thoughts), and correlated with whole-brain grey matter concentration 
and tract-based white matter integrity. We identified distinctive patterns of both grey and white 
matter structure that were correlated with individual propensity toward spontaneously arising vs. 
intentionally directed thoughts; thoughts related vs. unrelated to current concerns and goals; and 
emotionally pleasant vs. unpleasant thoughts. Moreover, these differences were observed in 
many regions beyond the DMN. Our results suggest that distinctive individual tendencies in the 
content and valence of self-generated thinking are linked to correspondingly distinctive 
neuroanatomy. Our results also show that the brain structure of people who tend to have 
negative, non-goal-related thoughts is quantitatively distinct from those who tend to 
spontaneously produce positive, goal-related thinking, suggesting possible implications for 
understanding clinically relevant alterations of spontaneous thought such as depressive 
rumination. 
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Title: Neural abnormalities underlying feedback processing in psychopathy: Processing deficits 
remain with attention controlled 
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Abstract: Real-world and experimental evidence converge in demonstrating that psychopathic 
individuals exhibit marked deficits learning to adapt maladaptive behaviors. These deficits have 
been theorized to result from reduced attention to relevant performance feedback, however the 
precise nature of these attentional abnormalities have yet to be established. The present study 
utilized functional magnetic resonance imaging (fMRI) to investigate the neural underpinnings 
of feedback-related learning deficits in psychopathy. 72 antisocial participants recruited through 
probation parole received a PCL-R interview, and completed a forced-choice learning task while 
in the scanner. In line with reduced attention to feedback in psychopaths, results indicated that 
psychopathic individuals (n = 15) showed reduced bilateral caudate response compared to 
nonpsychopathic individuals (n = 25) following both positive and negative feedback. However, 
when the duration of attention paid to feedback was controlled by including it as a parametric 
modulator, neural reductions extended further, into left dorsal anterior cingulate cortex (dACC), 
bilateral insula, left caudate and orbitofrontal cortex (OFC). Thus, even with the duration of 
attention to feedback controlled, psychopathic individuals showed reduced signaling in response 
to performance feedback. These results suggest that feedback-related learning deficits in 
psychopathy may extend beyond current attentional hypotheses, and may include additional 
underlying disruption in the utilization of attended-to feedback. Further characterization of these 
processing abnormalities may have important implications for understanding and managing the 
learning-related abnormalities in psychopathy. 
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Title: Neural substrate of fatigue in older adults 
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Abstract: Fatigue is an extremely debilitating condition in older adults. It is associated with 
increased mortality and decreased quality of life. Despite the significant negative impact of 
fatigue, we know very little about its actual cause. Currently, there are no objective measures to 
diagnose the condition, and there is no treatment. Past work has suggested a role of white matter 
disruption in the pathogenesis of fatigue. To test this hypothesis, we recruited 25 older adults 
between the ages of 60 to 84 years and assessed their fatigue levels by the fatigue severity scale 
(FSS). These subjects then underwent diffusion magnetic resonance imaging (MRI). From these 
diffusion MRI data whole-brain Tract Based Spatial Statistics (TBSS) were obtained and 
compared between subjects with high levels of fatigue and subjects with low levels of fatigue. 
Differences between the two groups were detected in the white matter pathways surrounding the 
substantia nigra and anterior cingulate cortex. To further investigate the mechanism behind these 
white matter changes, we are analyzing the diffusion MRI data for Free Water, a reliable marker 
of inflammation that is highly specific to the brain. Through this analysis, we aim to show that 
neuroinflammation leads to white matter breakdown and that this is a measurable objective 
marker of fatigue in older adults. 
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Abstract: Growing evidence suggests that self-perception and self-esteem may be difficult 
constructs to assess using common self-report measures due to reporter biases. Tasks like the 
Implicit Association Task (IAT) have helped to address these limitations, but the neural circuitry 
involved in IAT tasks is unknown. In contrast, the neurobiological mechanisms of fear 
conditioning and extinction are very well characterized. The current study attempts to take 
advantage of these well-known circuits to test the feasibility of fear conditioning and extinction 
to self-related imagery as an objective biomarker of self-esteem. 
34 healthy volunteers participated in this study. Participants completed self-report measures 
including the State Self-Esteem Scale (SSES), and had their photo taken at the beginning of the 
study. Three photographs served as conditioned stimuli (CS), one of which was the photograph 
of the participant (CS-Self). The CS-Self and another photograph (CS+) were always paired with 
the UCS. A third was never paired with the UCS (CS-). The unconditioned stimulus (UCS) was a 
loud unpleasant noise and pupil dilation served as the unconditioned response (UCR), which is a 
well-validated metric for autonomic arousal. Following a habituation block, participants 
completed two blocks of fear acquisition (24 trials each) and then two blocks of extinction. 
Based on contingency awareness ratings, explicit learning rates were comparable across subjects. 
All data were analyzed using multi-level mixed-effects GLMs in STATA. As expected, a 
significant main effect of CS type on pupil area (PA) exists such that CS-Self and CS+ images 
were associated with larger pupil dilation. Additionally, significant interactions existed between 
CS-type and the Appearance subscale of the SSES (SSES-A), when predicting PA at a trial-by-
trial level. During the first acquisition block, this interaction was significant for CS-Self v. CS+ 
(p = .025). During the first extinction block, this interaction was significant for CS-Self v. CS- 
(p= .032). In both cases, the interaction of CS-type, UCS dislike, and SSES-A was also 
significant (p = .037; p = .038). 
The aforementioned effects remain significant even when controlling for the ratings of UCS 
aversiveness. These preliminary findings support the potential for this paradigm to be used as an 
objective measure of self-esteem. 
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Abstract: Playing Internet games has become one of the most popular leisure activities for 
adolescents and young adults. Adaptive use of Internet games is associated with entertainment 
and improved spatial cognition, whereas previous studies have been frequently reported 
depression is prevalent in Internet gaming disorder (IGD). However, the neural mechanism 
underlying the association between depression and Internet gaming remains unclear. The aim of 
the current study is to investigate the structural brain alterations related to IGD and examine 
whether the alteration is associated with the relationship between depression and Internet 
gaming. Twenty-four controls (CON), who were not played Internet games, 25 subjects with 
Internet gaming control (IGC), and 22 subjects with IGD underwent structural magnetic 
resonance imaging. All subjects were males in their 2-30s without psychiatric disorder such as 
major depressive disorder. Using a voxel-based morphometric (VBM) approach, a voxel-wise 
whole brain analysis identified gray matter difference in the left dorsolateral prefrontal cortex 
(DLPFC) among three groups. Post-hoc analysis revealed the IGD group exhibited the lowest 
GMV in this region compared with the CON and IGC groups. Gray matter volume in the left 
DLPFC was negatively correlated with the amount of lifetime gaming and level of depression in 
the Internet gaming users (IGC+IGD groups). Furthermore, a mediation analysis revealed that 
the lifetime usage had indirect influence on the level of depression through the structural 
alteration in the DLPFC. The VBM results implicate that the brain structural alteration is 
involved in IGD. Additionally, the result of the current study may provide an intervention 
strategy for patients with IGD coexisting depression, one of the most common comorbid 
psychiatric symptoms of IGD. 
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Title: Behavioral phenotyping of impulsivity with a dynamic decision-making task 
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Abstract: Impulsivity is a multidimensional construct that represents a well-known vulnerability 
factor for a variety of clinical disorders including addiction, problem gambling, and other forms 
of compulsive behavior. In the laboratory, impulsivity is typically measured with a variety of 
behavioral tasks including go/no-go paradigms and the Iowa Gambling Task, whereas 
researchers and practitioners in the clinical domain often rely primarily on self-reported 
psychometric batteries. One example is the widely-used UPPS Impulsivity Scale (Whiteside & 
Lynam, 2001, Pers. & Indiv. Diff.), which partitions impulsivity into five sub-factors including 
Positive- and Negative Urgency, (Lack of) Premeditation, (Lack of) Perseverance, and 
Sensation-Seeking. 
However, recent meta-analyses have revealed that behavioral- and self-report measures of 
impulsivity account for separate sources of individual variance in impulsivity-related traits, 
suggesting that these assessment measures are tapping into distinct and non-overlapping 
dimensions within a broader underlying construct (Cyders & Coskunpinar, 2012, J. Res. 
Personality). This lack of agreement between measurement approaches thus represents an 
outstanding challenge to the utility of impulsivity as an explanatory construct in conceptual and 
clinical domains alike. 
Here we present a novel dynamic decision-making task that yields a variety of discrete 
behavioral measures related to individual differences in risk- and reward sensitivity, response 



inhibition, and speed-accuracy preferences. We also report initial findings regarding the 
relationship of these performance measures to various sub-factors of the UPPS impulsivity scale, 
thereby bridging the gap between behavioral and self-report measures of impulsivity. We 
conclude that this task offers the possibility to develop more precise cognitive-behavioral 
phenotypes of impulsivity, as well as to clarify the potential contributions of these phenotypes to 
a variety of clinical disorders. 
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Abstract: Pornography consumption has become highly prevalent in part given Internet 
availability. Approximately 70% of males and 20% of females aged 18-30 years use 
pornography weekly. For most people, pornography viewing is a form of entertainment, but for 
some individuals problematic pornography use (PPU) accompanied by excessive masturbation is 
a reason for treatment seeking (Gola et al., 2016). Such observations raise a number of societally, 
scientifically and clinically important questions: Can pornography consumption be addictive? 
What are the neural mechanisms underlying PPU? How might one best conceptualize PPU and 
intervene most effectively? 
Recently using fMRI methodology we examined brain reactivity towards erotic and monetary 
stimuli, disentangling cue-related ‘wanting’ from reward-related ‘liking’ among 28 heterosexual 



males seeking treatment for PPU and 24 matched controls (Gola et al., in press). Compared with 
control subjects, PPU subjects showed increased activation of brain reward circuits (ventral 
striatum) specifically for cues predicting erotic pictures but not for cues predicting monetary 
gains, which exactly mimics results of previous study with the same method on individuals with 
gambling disorder (Sescousse, et al., 2013) 
Here we focused on other brain region involved in reward processing - orbitofrontal cortex 
(OFC). As it had been shown, evolutionally older posterior OFC in healthy subjects is involved 
in processing of primary rewards (food and sex), while anterior OFC process secondary rewards 
(such as money or social reinforces). According to this state of art aOFC is in our study it was 
the only ROI expressing higher activations for monetary gains than erotic rewards in control 
subjects. But interestingly, for PPU subjects the aOFC was more active for erotic pictures than 
monetary rewards, while pOFC remained unchanged. The amount of this shift in aOFC was 
related to PPU severity measures. Among subjects witch pathological gambling opposite pattern 
of changes was observed: pOFC was activated more for monetary rewards, while aOFC 
activations remained unchanged when compared to controls. 
Our results suggests that PPU subjects may experience difficulties in differentiating between 
value of erotic and non-erotic rewards similarly to pathological gamblers in case of monetary and 
non-monetary rewards. Our results show also that PPU resembles neural and behavioral patterns 
well-described in gambling disorder. The findings suggest that for some people pornography 
may be addictive and that behavioral treatments for addictions, warrant investigation in PPU. 

Disclosures:  M.K. Gola: None. M. Wordecha: None. G. Sescousse: None. M. Lew-
Starowicz: None. M. Wypych: None. B. Kossowski: None. S. Makeig: None. A. Marchewka: 
None. M. Potenza: None. 

Poster 

750. Human Cognition 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 750.11/LLL57 

Topic: H.01. Animal Cognition and Behavior 

Title: A metacognitive model of personality. 

Authors: *K. MOGI;  
Sony Comp Sci. Lab., Shinagawa-Ku, Japan 

Abstract: In personality research, the big five model (openness, conscientiousness, extraversion, 
agreeableness, and neuroticism) is considered to provide a standard description of people's traits 
(Digman 1990, Shrout and Fiske 1995). The variability in personality has been linked to 



academic performance (Poropat 2009), work success (Mount and Barrick 1998), and the 
tendency to innovate (Fairweather 2012). 
Although the big five model is based on a large body of research and is statistically robust, one 
of the drawbacks is the descriptive nature of its methodology. In order to quantitatively 
characterize personality traits, we need to have a dynamic and quantitatively structured model of 
personality, which, in turn, might be compared and linked to the traditional personality model. 
Uncertainty is one of the most important environmental and interaction elements in the makeup 
of personality. People have different attitudes toward the handling of uncertainty, and risk taking 
and/or aversion. The human brain's reward systems (e.g. dopamine pathways) are known to 
modulate their activities based on the (perceived) nature of uncertainties involved (Schultz 
1998). In development, secure base (Bowlby 1990) provides the basis for people's exploration of 
uncertain rewards. From the theoretical perspective, the balance between exploitation and 
exploration has been shown to be important in reinforcement learning (Sutton and Barto 1998) 
Here I present a generic model of personality based on a subject's dynamic reaction pattern to 
actual and perceived uncertainties in the interaction with the environment. The subject's 
perceived level of secure base, as well as the metacognition of the contexts involved (Redford 
2010), are integrated to give a generic agent model compatible with the available data. Elements 
of emotion connected to this model is described, with other elements of emotion accounted for as 
secondary traits arising from the processing of information related to the interaction with the 
environment in the presence of uncertainty. 
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Abstract: We recently reported age-related differences in the organization of resting-state brain 
networks (Chan et al., 2014). Increasing age was associated with decreasing segregation of 
functional sub-networks (systems); lesser segregation was also associated with poorer memory 



ability, independent of age. While these results highlight the potential age-related differences in 
‘intrinsic’ network organization, they don’t reveal how task-oriented information processing may 
modify brain network organization, and whether this may differ with age. 
Here we examined large-scale network patterns defined by both resting-state functional 
connectivity (RSFC) and task-evoked functional connectivity in a large group of participants 
sampled from a wide range of the healthy adult lifespan (The Dallas Lifespan Brain Study; 
N=208; 20 to 89 yrs). Task-based connectivity was characterized by analyzing participants' 
blood-oxygen-level dependent (BOLD) activity from an event-related visual discrimination 
fMRI task; this scanned task was followed by a surprise memory test which allowed us to 
examine differences in brain connectivity associated with subsequently remembered versus 
forgotten items. Brain networks were constructed using a pre-defined set of nodes (volumetric 
regions of interest). Task network edges were calculated between all node pairs using a 
psychophysiological interaction analysis (PPI). RSFC network edges were calculated between all 
node pairs using a Fisher-z-transformed Pearson's correlation of their resting-state time-course. 
Independent of age, system segregation decreased during task performance compared to rest. 
Further, while younger adults exhibited greater network segregation during encoding of items 
that were subsequently remembered versus those that were subsequently forgotten, older 
participants did not exhibit these trial-type segregation differences. Importantly, we also found 
age-related differences in patterns of task-based connectivity associated with successful memory 
formation. Younger adults exhibited greater successful encoding-related connectivity between 
nodes associated with control and default operations (association systems), while older adults 
exhibited greater successful encoding-related connectivity between nodes of sensory-motor 
systems and between nodes of association to sensory-motor systems. These results suggest that 
aging is associated with differences in the organization of large-scale networks both at rest and in 
the context of goal-directed tasks. They also suggest that patterns of large-scale network 
connectivity associated with successful encoding differ with age. 
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Abstract: Background: Inconsistent findings have been reported on the cognitive effects of 
fruit, vegetable, and juice consumption, and previous studies have had relatively small sample 
size and limited period of follow up. This study aimed to investigate the long-term associations 
of vegetable, fruit, and juice intakes across adulthood with later-life subjective cognitive decline 
(SCD). 
Methods: We conducted a prospective evaluation of vegetable, fruit, juice intakes and SCD 
among participants from the Health Professionals Follow-up Study. The final study included 
26,808 men with a mean age of 51 years at enrollment in 1986, and self-reported SCD in 2008-
2012. Cumulative average intakes of vegetable, fruit, and fruit juice were calculated from five 
repeated food frequency questionnaires collected every four years to 2002. SCD was assessed by 
a 6-item self-reported questionnaire and the average of the two SCD scores was used to classify 
participants’ cognitive function as “good” (54.4%), “moderate” (38.2%) or “poor” (7.4%). 
Results: Intakes of total vegetables, fruits, and fruit juice were significantly inversely associated 
with the odds of moderate or poor cognitive function after controlling for age, smoking, physical 
activity, BMI, multivitamin use, disease history of diabetes, high blood pressure, elevated high 
cholesterol level, cardiovascular disease and depression, alcohol intake and total energy intake. 
The association became null for fruit intake after further adjusting for intakes of total vegetable, 
fruit juice, coffee, potatoes, legumes, refined grains, fish and processed red meat. In this model 
the multivariate odds ratios (95% confidence intervals) for vegetable intake (top vs. bottom 
quintile) was 0.85 (0.77, 0.95), p-trend=0.003 for moderate SCD and 0.69 (0.57, 0.85), p-
trend=0.01 for poor SCD. Similar inverse associations were found for green leafy, and 
carotenoid-rich vegetables. We also observed inverse associations of non-citrus fruit and berry 
subgroups with poor SCD. For fruit juice intake, the odd ratios were 0.75 (0.68, 0.82), p-
trend<0.001 for moderate SCD and 0.64 (0.54, 0.76), p-trend<0.001 for poor SCD. 
Conclusions: Our findings support a potential beneficial role of vegetable and fruit juice 
consumption to reduce cognitive decline in U.S. men. 
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Abstract: Research using non-invasive methods to parcellate functional brain areas has largely 
focused on parcellating healthy young adult brains by identifying variations in patterns of 
evoked-activity, connectivity, or anatomy. However, individuals advanced in age exhibit 
substantial structural and functional differences relative to younger adults. It is unclear whether a 
parcellation map derived from young adult brains is entirely suitable for understanding the 
organization and function of older adults' brains. 
A number of recent studies have leveraged patterns of resting-state functional correlations 
(RSFC) to conduct rapid parcellation of the cerebral cortex and subcortical structures. For 
example, identifying transitions in patterns of RSFC across the cortical surface has revealed 
locations of putative areal borders (Cohen et al., 2008). Importantly, RSFC parcellation has been 
shown to correspond well to parcellation information from other modalities such as task-activity 
and distinctions in architectonics (Wig et al., 2014). In addition to validating the approach, these 
observations also suggest that RSFC-based parcellation could be used for characterizing and 
understanding age-related differences in functional parcellation. 
We analyzed data from a large sample of healthy adult participants collected under the Dallas 
Lifespan Brain Study (DLBS; N=238; 20-89 yrs) for whom RSFC and anatomical information 
was acquired. Participants were separated into 4 age groups to create age group-specific RSFC-
defined parcellation maps across the cortical surface, using modifications of previously 
published procedures for generating group-based parcellations (Wig et al., 2014; Gordon et al., 
2015). The current work focused on describing the age-related variations in parcellation by 
characterizing differences in parcel position/size and functional connectivity in various locations 
throughout the cerebral cortex. 
Parcellation features were qualitatively similar across age groups: the general topographical 
organization of parcellated areas did not differ vastly from younger to older age. In addition, 
seed-based RSFC maps generated from a collection of overlapping parcels across groups 
exhibited largely similar connectivity patterns. Interestingly, the homogeneity of parcels did 
exhibit age-related differences, with the most prominent differences occurring between the 
younger (20-34 yrs) and older adult (65+ yrs) parcellations. Together these results suggest that 
aging may be accompanied by subtle differences in the parcellation of functional areas, possibly 
brought on by morphometric changes in anatomy that accompany healthy aging. 
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Title: A cognitive stressor for event-related potential studies: the portland arithmetic stress task 
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Abstract: Background: There is a need for tasks that better define resilience to stress either as 
the amplitude or duration of stress-related changes. To this end, we developed a cognitive 
stressor that can be readily adapted for event-related potential studies. We named the task the 
Portland Arithmetic Stress Task (PAST) and modeled it on the well-validated Montreal Imaging 
Stress Task (MIST). The goal of this experiment was to evaluate changes in autonomic stress 
reactivity of biomarkers elicited by the PAST before incorporating event-related measures. 
Methods: Sixteen older adults (aged 50-80 years, M = 59) with Perceived Stress Scores ≥9 were 
recruited as part of a randomized clinical trial of mindfulness meditation. Participants first 
completed a set of standard self-assessment scales of stress, depression and neuroticism. Prior to 
randomization in the meditation study, the PAST was administered during an in-lab baseline 
assessment visit. The PAST, as a cognitive stressor, is composed of computerized mental 
arithmetic problems with an adaptive failure algorithm. It attempts to maintain an error rate of 
approximately 40% for the duration of the test and includes a social-evaluative threat component 
and auditory feedback components. The titrated difficulty of the arithmetic problems is 
performed using five levels based on number of numerals (2-4), number of digits in the numbers 
(1 or 2), types of operators (+, -, x, and /), presence or absence of fractions, and time window 
length allowed for responses. The task is approximately 10 minutes long and was repeated twice. 
To control for normal levels of autonomic arousal during cognitive tasks, participants completed 
a tones task in which they were instructed to press a button in response to the infrequent 
(occurrence: 15%), higher pitched tone. Several measures of stress were evaluated: blood 
pressure (BP), heart rate (HR), heart rate variability (HRV), and respiration rate. BP and HR 
were taken at time points before, during, and after administration of the PAST. Results: BP 
increased significantly immediately after the task compared to just prior to the task, with systolic 
increasing from M=131 to 137, p=0.035; and diastolic increasing from M=79 to 88, p=.026. HR 
and HRV were unchanged. Respiration rate increased significantly from 14.5 breaths per minute 
to 16.3 per minute, p=0.017. The relationships of changes in autonomic measures with self-rated 



measures will be discussed.Conclusion: The PAST successfully produced deviations in 
autonomic nervous system markers consistent with stress-induced changes. Further research is 
needed to determine any cognitive or other changes occurred as a result of this stress task. 
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Abstract: Addiction is often linked to poor attentional control, especially strong involuntary 
attention to and distraction from drug-related cues. On the other hand, it has also been 
hypothesized that individuals and groups (e.g., patients with schizophrenia or attention deficit 
disorder) with attentional vulnerabilities use psychoactive drugs, especially nicotine, in attempts 
at self-medication. We tested smokers and non-smokers in the Continuous Temporal Expectancy 
Task (CTET; O’Connell et al., 2009) with a video distractor (Berry et al., 2014b). The video 
CTET allows for simultaneous independent assessment of initial focus/level of performance, the 
ability to maintain performance over time, and the ability to resist distraction. Using genetic and 
patient groups, we have previously shown that performance, especially the ability to resist the 
distractor, is related to cholinergic capacity (Berry et al., 2014a; Kim et al., 2015). Contrary to 
our initial hypothesis, smokers were not differentially vulnerable to distractor videos with 
smoking-related content. Instead, smokers had generally higher performance overall. Numerical 
trends also suggested that smokers had less memory for the distracting video content. 
Preliminary analyses suggest that those who had smoked recently (within the last 60 minutes) out 
performed non-recent smokers. Non-recent smokers also reported more subjective distraction 
from the videos, and had increased memory specifically for those distractor videos with 
smoking-related content. These results are generally consistent with the idea that cholinergic 
function supports attentional control, in particular the ability to resist external distraction. 



Further, they suggest that nicotine may have pro-cognitive effects on attention that go beyond the 
amelioration of withdrawal-related deficits. 
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Title: Resting fMRI signal predicts evoked connectivity with TMS-fMRI 
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Abstract: Resting fMRI is a widely used method for assessing ‘intrinsic’ brain processes and 
connectivity. However, maps of these signals are often distributed and little causal information 
can be gained by examining correlations in time course or amplitude across the resting brain. In 
this investigation, we sought to determine a possible correspondence between signal amplitudes 
in the low frequency band typically measured with resting fMRI and brain responses to TMS 
recorded with fMRI. We therefore regressed site of stimulation signal amplitudes from a 
previously acquired resting scan onto TMS evoked connectivity (psychophysiological 
interaction) seeding the site of stimulation to both the central executive (dorsolateral prefrontal 
cortex) and the salience network (anterior middle frontal gyrus) and found robust evidence for a 
positive relationship between resting signal amplitudes and TMS evoked connectivity within 
each targeted network (cluster FWE corrected). Our results suggest that resting fMRI signal 
predicts causal information flow to distributed networks from prefrontal cortex. 
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Abstract: To determine if perception of cognitive abilities is a good predictor of NeuroCognitive 
Performance Test (NCPT) score. To investigate how self-estimates (subjective) and NCPT 
scores (objective), as well as the subjective-objective relationship, are influenced by individual 
differences. 
An email invitation was sent to Lumosity users (~177k) who were asked to complete a 
questionnaire via www.surveygizmo.com, followed by the NCPT. The questionnaire collected 
demographics, self-estimate of cognitive abilities relative to same-aged peers, happiness score 
(Subjective Happiness Scale), optimism score, and depression severity (Beck Depression 
Inventory (BDI)). The NCPT is a brief, repeatable, online battery of cognitive assessments that 
measures cognitive performance in multiple domains. Statistical analysis, including calculation 
of the correlation (Pearson’s r) between self-estimates and NCPT scores and cross-demographic 
differences, was performed using R. 
686 total subjects were analyzed. A correlation of r=0.37 (p<0.001) between self-estimates and 
NCPT was observed. 69% reported cognitive abilities as “better than peers,” while only 55% 
scored above average on the age-matched NCPT. The 35-45 year-old group showed the strongest 
relationship between self-estimates and NCPT (r=0.46, p<0.001). Education positively correlated 
with self-estimates and NCPT (education-self-estimate: r=0.2, p<0.001; education-NCPT: r=0.1, 
p=0.01), but there was no significant correlation between education and subjective-objective 
correlation. There was a positive correlation between both happiness and optimism and self-
estimates, but not between these covariates and NCPT (happiness-self-estimate: r=0.17, p<0.001, 
optimism-self-estimate: r=0.18, p<0.001). There was a significant, negative correlation between 
severity of depression and both self-estimates and NCPT score (BDI-self-estimate: r=-0.22, 
p<0.001; BDI-NCPT: r=-0.1, p=0.01). In a linear model of the effect of self-estimate, happiness, 
optimism, depression, and education, self-estimate showed the only significant effect on the 
NCPT (adjusted R^2=0.14, p<0.001). 
Self-estimates are reasonably predictive of normalized NCPT scores, though differences exist 
across gender, age, and country. There is a stronger relationship between self-estimates and 
NCPT than education and NCPT. People who score higher on happiness/optimism scales rate 



cognitive abilities as better, but do not necessarily perform better/worse on the NCPT. The 
opposite is true for people who score higher on depression scales, who rate themselves less 
favorably and perform slightly worse on the NCPT. 
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Abstract: Currently, most genetically encoded molecular tools used to study the brain are 
adopted from nature. However, the majority of naturally occurring proteins must to be optimized 
or reengineered before they can be adopted by researchers. We developed a simple approach that 
enables rapid directed molecular evolution of fluorescent proteins in mammalian cells to select 
for variants with several simultaneously optimized characteristics such as brightness, 
photostability, and cytotoxicity, in a single round of evolution, using a hierarchical screening 
strategy. 
Using this method, we developed a pair of monomeric fluorescent proteins with far-red and near-
infrared fluorescence spectra, named mfRFP and miRFP respectively, which are characterized by 
superior brightness, photostability and lower cytotoxicity in comparison to spectrally similar 
fluorescent proteins. Both mfRFP with excitation/emission maxima at 611/658 nm and miRFP 
with excitation/emission maxima at 674/703 nm correctly label fusion proteins in live cells and 
demonstrate excellent performance in neurons in culture and in vivo. 
In contrast to earlier monomeric phytochrome-derived fluorescent probes, miRFP does not 
require co-expression of heme oxygenase 1 to enable its bright fluorescence in neurons in culture 
and in vivo. Furthermore, substantial overlap between the two-photon excitation spectra of 



miRFP and blue-green fluorophores enables multicolor imaging using a single wavelength of 
excitation from a standard Ti-Sapphire laser. In addition, mfRFP expands the palette of 
fluorescent proteins compatible with our recently developed super-resolution imaging technique, 
protein retention expansion microscopy (proExM). We believe that mfRFP and miRFP will find 
broad applications as protein and cellular labels for in vivo imaging. Furthermore, directed 
evolution in mammalian cells may enable more rapid generation of synthetic biology tools for 
neuroscience than screens in bacteria. 
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Abstract: To study the connection between behavior and its neural substrates we are using 
chemogenetic tools, such as DREADDs, in Rhesus monkeys to modulate neuronal activity. To 
carry out these experiments we would like to modulate the activity in volumes of tissue on the 
order of 10s of mm3. Here we show results from slow infusions of lentivirus into the amygdala of 
rhesus monkeys using convection-enhanced delivery (CED). Lentivirus stability. We 
investigated the stability of lentivirus at room temperature (RT) with in vitro assays. Lentivirus 
expressing the hM4Di-CFP DREADD under the control of the human synapsin promoter (Lenti-
syn::hM4Di-CFP) was loaded into a syringe and expelled at six time-points between zero and six 
hours. Transduced T293 cells were harvested after 48 hours and used to determine viral titers. 
We also transduced T293 cells at the same time points with virus kept on ice. For the virus at RT 
the titer fell slightly between 0 and 30 minutes from 1.4x10E9 particles/ml to approximately 
10E9 particles/ml but remained stable at from 30 minutes to 6 hours. The experiment was 



repeated three times with consistent results. DREADD expression in amygdala. In a rhesus 
monkey, we made a single injection of 80 ul lenti-syn::hM4Di-CFP vector into the right 
amygdala at 1 ul/minute. In the same monkey we made four 20 ul injections into the left 
amygdala on a 2 x 2 mm grid, again at 1 ul/minute. For the injections into each amygdala a 
Hamilton syringe was filled with 90 ul of lentivirus before starting injections. Including loading, 
handling of the syringe and 10 minute wait times before removing the syringe after injections, 
the 80 ul injection into the right amygdala took approximately 100 minutes, and the four 20 ul 
injections into the left amygdala took a total of 140 min. Areas on histological sections where at 
least 50% of the neurons showed expression after post-mortem staining (penetrance) were 
outlined. Reconstruction showed that the single 80 ul injection filled a volume of ~45 mm3 and 
the combined four 20 ul injections filled ~53 mm3 with an average penetrance of >80%. Peak 
penetrance was close to 100% in approximately 30% of the tissue volume showing expression. 
The volume filled by the single injection was relatively uniform in distribution, whereas the four 
smaller injections covered a larger total volume of the amygdala, as there were some gaps with 
no cellular expression between injections. There was no decrease in coverage across the four 
individual injections on the left side, leading us to conclude that there is no degradation of virus 
transduction across the 4 injections (13, 12, 16, 12 mm3). The beginnings of the first and last 
injections were separated by more than 100 min. 
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Abstract: Alzheimer’s disease (AD) is a debilitating neurodegenerative disorder afflicting 
millions of people. Cholinergic neurons degeneration and hypofunction are pathologies 
associated with Alzheimer's disease (AD). Earlier clinical studies has shown involvement of 
muscarinic acetylcholine subtype 1 (M1) receptor in cognitive improvement and their clinical 
utility was limited by in-sufficient selectivity leading to cholinergic side effects. Muscarinic 



acetylcholine receptors (mAChRs) mediate acetylcholine-induced neurotransmission and five 
mAChR subtypes (M1-M5) have been identified. Among them, M1 mAChR is widely expressed 
in the central nervous system and has been implicated in many physiological and pathological 
brain functions. In addition, M1 mAChR is postulated to be an important therapeutic target for 
AD and several other neurodegenerative diseases. Cholinergic side effects are due to conserved 
nature of the orthosteric site as a result it is difficult to identify selective M1 receptor agonists. 
Allosteric modulation offer greater selectivity, physiological control retention and reduced over 
dose risk in comparison to traditional orthosteric compounds. Currently Calcium mobilization 
assay using Fluorescence Imaging Plate Reader (FLIPR); a kinetic assay which measures 
difference in Ca2+ levels in real time being widely used for Positive allosteric modulators of M1 
receptor. Muscarinic receptors have biased signaling mechanism they primarily signal via Gαq 
and also couples to Gαs secondarily. Hence, we have developed cell based luciferase assay for 
screening the compounds which might mitigate the disadvantages of the existing method 
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Title: An experimental and bioinformatics pipeline for determining the contribution of 
alternative splicing to cell surface receptor diversity 
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Abstract: During development, neurons express an array of cell surface proteins that are 
instrumental to selective circuit wiring. These highly specific neural connections support 
cognitive abilities and perception. It has long been hypothesized that the number of cell surface 
proteins required for selective circuit wiring exceeds the number of protein coding genes in the 
genome. What mechanisms generate the required protein diversity? One possibility is alternative 
splicing of gene transcripts, which can greatly expand the functional coding capacity of the 
genome by generating multiple proteins from the same gene that differ in their receptor/ligand 
specificity. A few examples of this phenomenon are known (notably insect Dscam) but the 
extent to which alternative splicing diversifies neuronal receptor-ligand repertoires is unclear. A 
major obstacle to investigating this question is the lack of reliable methods to catalog and 
quantify the full-length transcripts generated by individual genes. We also lack methods to 
discern cell type-specific isoform expression patterns, limiting our ability to study protein 
isoform function in the context of neural circuit wiring. To overcome these obstacles, we 
developed a pipeline for identifying alternative splicing events relevant to forming the neural 
circuitry of mouse retina. First, we used traditional short read RNAseq datasets from retina to 
identify genes with significant alternative splicing within protein-coding regions. We identified 
30 highly-expressed members of the epidermal growth factor and immunoglobulin superfamilies 
as candidate spliced cell-surface molecules. We developed a full-length cDNA-capture approach 
to sequence our 30 candidates at high depth on the PacBio RSII platform. This analysis was 
performed at various developmental time points. Custom bioinformatics algorithms were 
developed to identify and quantify known and novel isoforms. In this way we identified 
thousands of new splice isoforms of these 30 cell surface molecules, many of which are likely to 
change functional properties of the encoded proteins. We further identified novel genomic 
features including alternative promoter sites and alternative 5’ and 3’ UTRs, which might 
influence expression levels or subcellular localization of mRNA/protein. Finally, we used novel 
next generation in situ hybridization probes and assay technology to determine isoform specific 
spatial and temporal expression across retinal cell types. Our data reveal that isoform diversity 
for many cell surface receptors is greatly unresolved. How this diversity influences wiring of the 
nervous system is currently under investigation. 
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Title: Phagocyte recruitment signals in apoptotic vesicles present in exosomal preparations 
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Abstract: Apoptotic bodies are the characteristic membrane blebs released by cells undergoing 
apoptosis. They carry “find-me” and “eat-me” signals which ensure migration of phagocytic 
cells to apoptotic sites and effective clearance of apoptotic debris. We developed a novel labeling 
approach for the detection and analysis of apoptotic bodies based on the composition of their 
cargo. Using this technique, we detected and investigated a population of small apoptotic bodies 
present in exosomal preparations isolated from various biological fluids by standard exosome 
purification methods. These apoptotic vesicles carry phagocyte recruitment signals and 
molecular markers identifying apoptotic mechanisms. 
The new approach and the results of its application can be useful in studies of cell signaling in 
apoptosis and phagocytosis. 
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Abstract: We are manipulating neural tissue using genetic techniques to probe the connection 
between neuronal function and behavior. To do this, we express proteins such as DREADDs that 
can affect the activity of neurons. By adding a means to gate gene expression, i.e. an ‘on/off 
switch’, it becomes possible to regulate expression of a gene of interest during desired intervals 
e.g. an shRNA to knock down a receptor or the overexpression of a protein affecting neural 
activity. In rodents, this has been done using DOX systems. 
Here we test 4 different potentially useful DOX-inducible systems using lentivirus in cell culture 
and in the monkey brain: 
1) A two-vector DOX-ON system using neuron specific rtTA expression (DOXON-2), 
2) A two-vector DOX-OFF system using neuron specific tTA expression (DOXOFF-2), 
3) A one-vector DOX-ON system using neuron specific rtTA expression (DOXON-1), 
4) A one-vector DOX-ON system with auto-regulatory loop using neuron specific tTSkid 
expression (DOXAUTO-1). 
All systems were initially tested with the mCherry-2A-dsGFP reporter gene to visualize short-
term expression via destabilized GFP (2 hours half-life) and long-term expression including 
axonal terminals via mCherry. In vitro studies (fluorescent protein imaging in cell culture and 
Western Blots) revealed that all systems produced on/off switching and strong induction with the 
exception of DOXAUTO-1 for which only weak expression was detected after prolonged treatment 
with DOX. Replacing mCherry-2AdsGFP with the hM4Di-CFP DREADD yielded similar 
results. 
We then tested the constructs in monkeys under the following conditions: 
Monkey A: No DOX for 4 weeks. 
Monkey B: No DOX for 4 weeks, then 10mg/kg DOX daily for 4 days. 
Monkey C: 10mg/kg DOX daily for 4 weeks, then no DOX for 2 days. 
DOXAUTO-1 performed as expected with no detectable expression in the absence of DOX and 
strong expression in the presence of DOX; after 2 days of DOX removal following prolonged 
treatment, only mCherry persisted in some cells and projections. DOXOFF-2 performed more or 
less as expected with strong expression both in the absence of DOX and after 2 days of DOX 
removal following prolonged treatment; however, in the prolonged presence of DOX, we did 
observe some weak expression of mCherry. Results from the other systems remain inconclusive 
at this time and are being tested further. Our findings demonstrate that DOX-inducible systems 
(single and dual vector) are capable of regulating gene expression in the monkey brain. 

Disclosures:  H. Lam: None. W. Lerchner: None. M.A.G. Eldridge: None. V. Der 
Minassian: None. B.J. Richmond: None. 



Poster 

751. Molecular Techniques 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 751.07/MMM1 

Topic: I.01. Molecular, Biochemical, and Genetic Techniques 

Title: Autoradiography as a universal tool to measure quantitative receptor density and G 
protein-coupled receptor activation 

Authors: J. RYTKÖNEN, T. PARKKARI, J. PUOLIVÄLI, S. ALASTALO, *O. M. 
KONTKANEN, P. J. SWEENEY, A. NURMI, T. HUHTALA;  
Charles River Discovery, Kuopio, Finland 

Abstract: Autoradiography is a powerful technique that can be applied to study receptor density 
and activation of G protein-coupled receptors (GPCRs) by novel pharmacological compounds in 
the brain. These methodologies are easily applicable to various disease models, and combining 
them with behavioral readouts allows a versatile evaluation of pathophysiology of the CNS 
disorders and mechanisms of action of novel therapies. GPCRs are involved in a wide variety of 
physiological processes, including regulation of behavior and mood. They activate intercellular 
signal transduction pathways and cellular responses. Cannabinoid, serotonin, dopamine, 
GABAB, and metabotropic glutamate receptors are among neurologically interesting GPCR 
targets. Ligand binding to GPCRs induces an interaction of the receptor with G protein that 
stimulates the release of GDP simultaneously with the exchange of GTP. 35S-GTPγS 
autoradiography has been applied to study receptor activation after ligand binding to GPCRs of 
Gi and Gs types. In this study, we analyzed changes in the receptor density in chronic social 
defeat (CSD) model that has robust depression-like behavioral endpoints. To assess receptor 
density alterations, tritiated ligands to dopamine receptors 1 and 2, serotonin transporters and 
cannabinoid receptor 1 (CB1) were used and Bmax values of corresponding ligands were 
determined in relevant brain regions. Changes in Bmax values correlate with alterations in the 
number of available receptors sites and which may correlate with the phase or severity of the 
disease. We also determined the dose-response relationship of GPCR activation by the CB1 
agonist HU-210 by detecting consumption of GTPγ35S in the somatomotor cortex, cingulate 
cortex, striatum, globus pallidus and substantia nigra in mice. The potency (half maximal 
effective concentration, EC50) as well as efficacy (Emax) of interaction of HU-210 with CB1 
was calculated from the obtained dose-response curves. The current examples demonstrate how a 
combination of assays can be utilized to advance our understanding of the disease state and 
measure effects of pharmacological treatments. Also, applied digital scintillation 
autoradiography enables quantitative and real-time imaging of tritiated samples within hours, 
compared to minimum of several weeks of exposure time required to phosphoscreens or films. 
This accelerates method development and analysis substantially. As a summary, the combination 



of receptor and functional autoradiography offers a powerful tool to comprehensively measure 
changes in disease models or responses to novel molecules. 
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Title: Fret for measuring distances of connexin containing gap junctions 
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Abstract: In this study, we characterized a developmental 2D model approach using Förster 
Resonance Energy Transfer (FRET) to determine the spatial distance of connexin-containing 
gap-junctions within a stimulated synapse. FRET has long been used as a method to increase 
fluorescence resolution, the transfer of energy from a donor to an acceptor which generally 
occurs between 10-100Å, allowing one to determine the relative distance between the donor 
molecular and the acceptor molecule. In this study, we focused on a specific method to 
determine FRET, acceptor photo-bleaching. This method occurs when the acceptor fluorophore 
is completely photo-bleached or destroyed. If the FRET pair is close enough, there will be an 
increase in donor fluorescence. In order to establish that FRET is possible on a structure as small 
as a connexin-containing-gap junction, we immuno-labeled GFP-tagged Connexin 35 expressing 
cells with anti-connexin 35 and photobleached the connexin. This strategy a) allowed us to 
characterize the methodology necessary to determine FRET of the connexin, b) assisted in the 



development of a 2D model that allows the precise testing of multiple parameters, and c) 
increased throughput. Once this model was established, cells were labeled with the fixable 
plasma membrane dye, mCling647N, and a connexin 35 antibody for FRET analysis. The FRET 
efficiency for each Connexin containing gap junction was calculated using the acceptor photo-
bleaching method established by Kenworthy and Edidin (1997; J Cell Biol, 142:69-84). Future 
work will include the use of different sizes of fluoronanogold conjugated antibodies for 
correlative microscopy in order to determine accurate distance between connexins. 
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Title: Using the halotag technology to investigate the turnover of psd-95 at single synapses. 

Authors: *M. KRATSCHKE1, D. FRICKER1, N. H. KOMIYAMA2, S. G. N. GRANT2;  
2Ctr. for Clin. Brain Sci., 1Univ. of Edinburgh, Edinburgh, United Kingdom 

Abstract: Existing methods for analysing synaptic protein turnover are unable to provide 
adequate information about synthesis and degradation, particularly at single synapses. PSD95 is 
an abundant scaffolding protein found in the postsynaptic densities of excitatory synapses 
throughout the mammalian brain, and plays a critical role in innate and learned behaviours. 
PSD95 assembles with many other proteins into postsynaptic supercomplexes (Frank et al, 2016) 
that are then organised into nanoclusters that comprise the postsynaptic density of excitatory 
synapses (Broadhead et al, 2016). 
The HaloTag consists of a modified bacterial haloalkane dehalogenase protein domain that 
covalently binds synthetic chloroalkane ligands that can be labelled with fluorescent and affinity 
moieties. Hence, cells expressing proteins fused to the HaloTag can be used to study protein 
levels, complexes and turnover using the different ligands. 
We have adapted this method to study synaptic proteins by fusing the HaloTag to endogenous 



PSD95 using gene targeting in the mouse. Using primary cultured neurons from PSD95-HaloTag 
mice we have shown that the HaloTag does not alter the expression level of PSD95, nor its 
normal assembly into 1.5 MDa supercomplexes. Next we show that ligands coupled to 
fluorophores label virtually 100% of PSD95 and individual postsynaptic puncta can be visualised 
with confocal microscopy. Using a pulse-chase paradigm, where one ligand (R110) is used to 
label all existing PSD95 first, we can then label any newly synthesised PSD95 using a second 
ligand (TMR). We can thus identify and characterise subpopulations of PSD95 and thereby 
analyse its synthesis and degradation. We find that PSD95 has a half-life of 33.2 hours ±2.5 
(SEM) at single synapses, consistent with previous literature (El-Husseini et al, 2002). 
Furthermore, we have observed marked synaptic heterogeneity in PSD95 turnover, suggesting 
some synapses have more stable PSD95 complexes. 
We also applied drugs known to modulate protein turnover and neuronal activity and analysed 
their effect on PSD95 turnover. We found that the proteasome inhibitor Lactacystin (1µM) not 
only significantly reduces PSD95 degradation, but concomitantly inhibits PSD95 synthesis over 
a 24-hour time period. This method offers a unique way of investigating the turnover of a 
specific, tagged protein. The effects of various modulatory drugs on PSD95 turnover are 
currently being investigated. 
References: Broadhead et al. (2016) Nat Sci Rep, 6:24626 
Frank et al. (2016) Nat Comm 7:11264 
El-Husseini et al. (2002) Cell, 108:849-863 
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Title: Analysis of mitochondrial transport dynamics in axons 
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Abstract: The polarized structure and extremely long neurites pose a unique challenge for 
neurons to distribute mitochondria to the appropriate locations. Hence, proper transport of 



mitochondria to the appropriate locations is especially important for neuronal functions. 
Consequently, defective mitochondrial transport can have deleterious effects on neuronal 
functions and survival. It is widely accepted that mitochondria move from the cell body to axon 
terminals and vice versa. Although mitochondria are known to move bi-directionally from the 
cell body to axon terminals and vice versa, the dynamic pattern of mitochondrial transport in the 
entire length of axons for an extended period of time have not been thoroughly examined. Using 
the photo-switchable fluorescent protein dendra-2 targeted to mitochondria, we tracked 
individual mitochondria in the whole axon. Surprisingly, we find mitochondria that originated 
from the axon terminals traveling in the retrograde direction never reach at the cell body. 
Retrogradely moving mitochondria failed to enter the cell body due to fusion to existing 
mitochondria or pausing in the middle of axons, while anterogradely moving mitochondria reach 
the axon terminals with less interruption. In addition, the speed of mitochondrial transport varies 
along regions with different densities of stationary mitochondria. Stationary mitochondria were 
present at higher density in axon proximal to the cell body, although inter-mitochondrial spacing 
is random following Gumble-like distribution. Furthermore, we derived a mathematical model 
using the Fokker- Planck equation to characterize the features of mitochondria movement, which 
was successfully adopted to determine altered mitochondrial transport in axons overexpressing 
parkin. Our analysis and model provide new insights into the dynamics of mitochondria transport 
in axons of normal or unhealthy neurons. 
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Title: Immunolocalization of melatonin and its analogue M3C in testis of rat 
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Abstract: Melatonin (MT) (N-Acetyl5-metoxytryptamine) is a lipophilic hormone produced by 
the pineal gland during the scotophase. The MT has activities in regulating biological rhythms 



neuroimmunologic, antioxidant, gastroprotective, antiinflammatory, anxiolytic-antidepressant-
like, antiproliferative and reproduction. In humans, (>60 years old) the concentration of MT and 
decreases less than that at puberty 80%. Currently, there is a therapeutic use exogenous MT 
without known toxicity and side effects. Debeliuk et al. (1969) showed that 300 µg of MT for 30 
days, reduces the weight of the testes and affects the production of testosterone in rats. Redins et 
al., (2002) administered, 100 µg of MT (22 days), show a level ultrastructure damage in mouse 
Leydig cells. In 2011, Tuncer et al., reported a tubular degeneration, edema and obstruction of 
seminiferous tubules, with 3 mg/kg of MT (30 days) in rats. On this basis, we made studies with 
MT and it´s analogue 1-N-substituted (M3C) and to know if the testicular seminiferous tubule 
cell structure (ST) have any changes in rat by chronic administration for both substances, and 
demonstrate the immunolocalization of TM in this structure in male rats. Independent treatment 
with 300 µg of two substances (30 days) was applied. Post-treatment, the animals were perfused 
with buffered formaldehyde with saline solution and the testes for histopathological study 
(hematoxylin-eosin staining) and immunolocalization of MT with specific antibody anti-
melatonin. The MT and M3C were located in ERA. Supported by UNAM-PAPIIT-DGAPA Key: 
IT201112 PAL Program UNAM-Facultad de Química. Key: 3000/3070 
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NTS1 signaling 
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Abstract: G protein-coupled receptors (GPCRs) have proven to be effective targets in drug 
discovery. However, many believe that the therapeutic potential of this protein class remains 



largely untapped. In recent years, new strategies have been developed to more fully exploit this 
potential, including cell-penetrating peptides known as pepducins. These lipidated peptides are 
able to translocate across the cell membrane and target the intracellular loop of a GPCR of 
interest, interacting at the receptor-effector interface. There, pepducins have been shown to act as 
allosteric agonists as well as positive or negative allosteric modulators of their cognate receptor. 
In the present study, we generated a series of pepducins targeting the first intracellular loop of 
the human neurotensin receptor 1 (hNTS1), a class A GPCR shown to mediate many of the 
physiological effects of the neurotensin (NT) tridecapeptide including analgesia, hypotension, 
and hypothermia. In CHO-K1 cells stably expressing hNTS1, we investigated the pepducins’ 
effect on the orthosteric binding of 125I-labeled NT. We also used BRET-based biosensors to 
verify the pepducins’ ability to engage the Gαq, Gαi1, GαoA, and Gα13 pathways, as well as to 
recruit β-arrestins 1 and 2. Furthermore, we monitored pepducin-induced changes in whole-cell 
integrated response by surface plasmon resonance (SPR) in the same cell-type. Finally, in in vivo 
and ex vivo experiments, respectively, we evaluated the pepducins’ ability to trigger blood 
pressure changes in carotid artery-cannulated rats and to induce smooth muscle relaxation of pre-
contracted rat ileum tissue in isolated organ baths. Our in vitro results showed a partial decrease 
in [125I]-NT binding and only minimal G protein-dependent and G protein-independent signaling 
pathway activation in agonist mode at concentrations of 10-5 M. Intriguingly, the noninvasive 
label-free whole-cell sensing assays revealed the existence of distinct and dissimilar SPR profiles 
following incubation with our pepducin series. Moreover, when systemically injected in rats, 
NTS1-selective pepducins were shown to exert more potent hypotensive effects at 55 nmol/kg 
than NT(8-13) at the same dose, and to induce a sustained mean drop in blood pressure of 30 mm 
Hg. We also observed ileum relaxation at high pepducin concentrations of 10-5 M. In summary, 
our results show that our set of pepducins participates in cellular and physiological effects linked 
to NTS1 activation, and may thus constitute a promising avenue of research into other properties 
of the neurotensinergic system, such as NT-induced analgesia. 
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Title: Light-inducible cre recombinase: using LOV domains to create a single-molecule light 
activated DNA recombinase enzyme 
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Abstract: As a primary tool for controlled gene expression, DNA recombination is widely used 
throughout neuroscience. Gated control of recombinase activity has several current applications 
ranging from specific developmental studies as well as in defining the time window for tagging 
active neural ensembles. Current inducible gene expression systems rely on pharmacological 
ligands to gate DNA recombinase activity. The two most ubiquitous systems use either the 
antibiotic tetracycline or the estrogen receptor antagonist tamoxifen for control of recombinase 
activity. With both systems, the innate pharmacokinetics of the effector ligand defines the time-
window of enzyme action, typically lasting hours to days. While this level of temporal specificity 
is sufficient for some implementations, improved temporal dynamics will broaden the use and 
impact of these approaches in neuroscience. We are developing and testing an alternative 
inducible recombinase system in which light controls the temporal dynamics of enzyme activity 
to increase the precision of controlled gene expression. This system is reliant on fusion proteins 
of Cre recombinase and the light-responsive subunit of the phototropin 1 gene (the LOV 
domain). In the absence of light, the LOV domain remains in a tightly bound formation 
preventing Cre recombination. However, when illuminated with blue (488 nm) light, the LOV 
domain unfurls and permits recombinase activity. Initial LOV-Cre fusion variants were created 
by varying the length of the amino acid tether connecting the protein domains and show 
moderate dark-state inhibition of Cre activity. Light stimulation of LOV-Cre (30 - 180 minutes) 
in an in vitro model system show a small increase in recombinase activity demonstrating proof of 
principle that this strategy can be leveraged to create a functional light-inducible DNA 
recombinase enzyme. Current work is focused on increasing the dynamic range of the early 
LOV-Cre fusion proteins via rational amino acid substitutions [Strickland D et al (2008) PNAS 
Aug 5; 105(31):10709-14] and to extending testing to in vivo models of recombinase mediated 
gene expression. 
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Abstract: Alternative polyadenylation is a process where different ends to an mRNA transcript 
are selected. These alternative ends contain regulatory 3′ untranslated regions (3’UTRs) and/or 
coding sequences. Recent evidence has shown that mammalian and fly brains express 
particularly long 3’UTR isoforms compared to other tissues. Alternative polyadenylation has 
been implicated in the regulation of subcellular protein and mRNA localization, translational 
regulation and mRNA stability. However, little is known about the in vivo functional roles of 
alternative polyadenylation in neurons. To form a more comprehensive view of alternative 
polyadenylation in the brain, we set out to determine the 3’UTR isoform diversity in two types of 
functionally and morphologically distinct neurons in the mouse cerebellum: excitatory granule 
neurons and inhibitory Purkinje neurons. By expressing GFP-tagged poly(A) binding protein 
cytoplasmic 1 (Pabpc1) in each cell type separately, we were able to sequence 3’ mRNA ends 
using anti-GFP crosslinking immunoprecipitation (CLIP). Annotation of 3’ ends revealed 
extensive isoform diversity between Purkinje and granule neurons with 1041 genes displaying 
differential 3’UTR isoform usage. Notably, Purkinje neurons tended to express fewer long 
3’UTR isoforms compared to granule neurons. Moreover, it has been reported that alternative 
polyadenylation changes during embryonic development of an organism. To explore the role of 
alternative polyadenylation during neuronal development in more detail we focused on the 
development of cerebellar granule neurons. We annotated 3’ ends in proliferating precursors of 
granule neurons and in mature granule neurons. 852 genes displayed differential 3’UTR isoform 
usage between the two developmental time points, most of the genes expressed a longer isoform 
in mature granule neurons. Interestingly, genes involved in ubiquitination were enriched both 
among genes that change 3’UTR isoform expression during development as well as those that 
differ in 3’UTR isoform expression between Purkinje and granule neurons. We are currently 
exploring the functional roles of the mRNAs that show 3’UTR isoform shift during granule 
neuron development. 
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Abstract: Much of our current knowledge about synaptic plasticity has stemmed from 
electrophysiological recordings from single cells. However, such an approach, particularly in 
vivo, is inherently low yield and time consuming. Single-cell RNA sequencing represents an 
alternative approach with great potential, largely due to the recent development of several new 
RNA sequencing methodologies. 
Single cell resolution lends itself well to studies of complex heterogeneous areas of the brain 
such as the striatum. In order to accurately identify single neurons not readily distinguishable by 
conventional microscopy, we first established a rapid (10 minute) labeling method by 
immunofluorescence on fresh frozen 12 µm sections. Antigens specific to the direct spiny 
neurons (substance P), indirect spiny neurons (enkephalin) and the cholinergic interneurons 
(choline acetyltransferase) of the striatum were able to be detected, while maintaining RNA 
integrity. Laser capture microdissection was then used to isolate neurons as either single cells or 
pools of single cell types. The Smart-seq 2 methodology for transcriptomic analysis was used 
due to the high level of cDNA yield, sensitivity, accuracy and full length coverage afforded by 
this approach. 
We present an evaluation of the quality of the transcriptomic data obtained from the striatum by 
combining immunohistochemical labelling and laser capture isolation with the Smart-seq2 RNA 
sequencing approach. We explore the application of the approach across different paradigms of 
synaptic plasticity and the potential application of this approach to the investigation of 
neurological disorders. 
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Abstract: Toll-Like receptors (TLR) are classically viewed as a type of pattern recognition 
receptor involved in peripheral innate immune responses, leading to the upregulation, synthesis 
and secretion of pro-inflammatory mediators. However, it is now becoming apparent that TLR4 
is involved in more than just innate immunity, with major links to the etiology of opioid 
tolerance, chronic pain, addiction, itch, and depression. Current techniques that are used to study 
the localization and signaling of TLR4 have been optimized for the study of classical peripheral 
immunity. In the pursuit of a more comprehensive understanding of the involvement of TLR4 in 
these pathologies, it has become apparent there are limitations to applying the current techniques 
for studying TLR4 in CNS tissue. Here we aim to develop new methods for identifying TLR4 
protein and mRNA localization, and TLR4 signaling cascades, with an influence on optimising 
for CNS tissues. A transdisciplinary approach has been applied to identify the problems and 
source the experimental solutions to this TLR4 measurement and visualisation challenge. A 
novel in situ hybridization approach was developed using the application of photostable 
nanoparticles to visualize the localization and expression of TLR4 mRNA. This technique 
demonstrates significant TLR4 specificity in both cells and tissue samples with exceptional 
photostability compared with traditional fluorescent methods. The challenges with imaging and 
quantifying TLR4 protein have also been explored, with the non-specificity of commercially 
available antibodies highlighted. Additionally, development of a novel workflow for targeted 
mass spectrometric quantification of TLR4 has demonstrated surprising challenges associated 
with the detection and measurement of TLR4. Finally, the creation of novel fluorescent 
constructs of TLR4 has allowed visualization of cellular localization of TLR4 and the potential 
use in bioluminescent resonance energy transfer assays for real time quantification of TLR4 
activation. The collective use of these tools will be presented in the context of chronic pain and 
opioid exposure. 
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Abstract: Infantile neuroaxonal dystrophy (INAD) is a debilitating, intractable and ultimately 
lethal neurodegenerative disorder. It is caused by mutations in the PLA2G6 gene that encodes for 
phospholipase A. Patients present neurodegeneration-associated symptoms between six months 
and three years of age. Severe spasticity, progressive cognitive decline, and visual impairment 
typically result in death during the first decade. There is no disease-modifying treatment 
available and palliative care focuses on quality of life. There is an overwhelming need to develop 
novel therapies to treat INAD patients. 
We aim to conduct a preclinical AAV-mediated gene therapy study to prevent neurodegeneration 
and rescue a mouse model of INAD from premature death. We will use recombinant adeno-
associated virus serotype 9 vector (AAV9) to deliver therapeutic human PLA2G6 gene to the 
neonatal INAD mouse CNS via either intracranial or intravenous administration. The human 
PLA2G6 and control GFP gene were cloned into an AAV9 backbone plasmid, driven by the 
synapsin-I promoter and used to produce high titre viral preparations. Furthermore, the INAD 
mouse model recapitulates many features of the human phenotype. Investigating indices of 
neuropathology will not only provide us with readouts against which to gauge therapeutic 
efficacy but also increase our understanding of the underlying disease mechanisms. 
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Title: Non-biased miRNA purification from clinical samples stored in TRIzol. 
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Abstract: Organic extraction, with TRIzol, TRI Reagent or similar, is often a method of choice 
for pathogen inactivation and sample stabilization and thus plays a significant role in clinical 
sample processing prior to nucleic acid analysis. However, the organic extraction methods were 
shown to introduce significant bias, specifically into the small RNA (miRNA) recovery. We 
have developed a non-biased method that allows for binding nucleic acids, including miRNAs, 
directly, i.e., without phase separation or precipitation, following the organic extraction step. We 
have compared the miRNA profiles obtained through next generation sequencing as well as a 
hybridization approach with an existing non-biased “double extraction” protocol (Ambion) and 
confirmed the non-biased purification results.This novel “direct nucleic acid binding” approach 
is fully automatable and allows the use of organic extraction in high-throughput applications. 
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Title: miR-126 mediates Tβ4-induced neurovascular remodeling in diabetic peripheral 
neuropathy 



Authors: *X. LU;  
Henry Ford Hosp., Detroit, MI 

Abstract: Background: MicroRNAs (miRs) play pivotal roles in regulating post transcriptional 
gene translation and mediating biological function. We previously demonstrated that treatment of 
diabetic mice with thymosin-β4 (Tβ4) significantly ameliorated neurological dysfunction caused 
by diabetic peripheral neuropathy, which associated with Angiopoietin1 (Ang1) promotes 
neurovascular function. In this study, we investigated whether miR-126 is involved in the effect 
of Tβ4 on Ang1 expression and neurovascular remodeling. 
Methods and Results: Male BKS.Cg-m+/+Leprdb/J (db/db) mice (n=10) were treated with Tβ4 
(30 mg/kg, i.p. daily) for 8 consecutive weeks, and db/db mice (n=10) were used as a control 
group. Compared with non-diabetic mice (dm), diabetic mice (db/db) exhibited significant 
reduction of miR-126 expression in peripheral serum samples (0.4±0. 2 vs.1.0±0.1, p<0.05) and 
sciatic nerve tissue (0.3±0.07 vs.1.0±0.07, p<0.05). Treatment of db/db mice with Tβ4 
significantly upregulated miR-126 expression in serum samples (1.2±0.1 vs. 0.4±0.2 in saline, 
p<0.05) and sciatic nerve tissue (0.8±0.02 vs.0.3±0.07 in saline, p<0.05), measured by 
quantitative RT- PCR. Western blot analysis revealed that diabetes decreased levels of Ang1 
(0.4±0.07 vs.1.0±0.1, in dm mice, p<0.05) and AKT activity (pAKT, 0.3±0.03 vs.1.0±0.04 in dm 
mice, p<0.05) in sciatic nerve tissue compared to dm mice. However, Tβ4 treatment overcame 
the effect of diabetes on these proteins (Ang1, 0.9±0.06 vs. 0.4±0.07 in saline, pAKT 0.7±0.05 
vs.0.3±0.03 in saline, p<0.05). In vitro, treatment of mouse dermal endothelial cells (MDE) and 
DRG neurons with Tβ4 significantly increased capillary-like tube formation (1.1±0.06 vs. 
0.6±0.06 in control, p<0.05) and axonal outgrowth (1,231±75.1um vs.1,008±77.2um in control, 
p<0.05), respectively, under hyperglycemia conditions, whereas attenuation of endogenous miR-
126 by siRNA against miR-126 abolished the effect of Tβ4 on endothelial cell capillary tube 
formation (0.7±0.07 vs.1.0±0.08 in scramble control, p<0.05) and DRG neuron axonal outgrowth 
(1,079±42.5um vs.1,235±48.6um in scramble control, p<0.05). Quantitative RT-PCR analysis 
showed that Tβ4 increased Ang1 expression in MDE (2.35±0.1 vs.1.06±0.2 in control, p<0.05) 
under hyperglycemia and that blockage of miR-126 suppressed Tβ4-increased Ang1 expression 
(0.49±0.2 vs. 1.47±0.1 in scramble control, p<0.05). 
Conclusion: These data suggest that Ang/Tie2 and PI3K/Akt signaling pathways mediate the 
therapeutic effect of Tβ4 on vascular remodeling and axonal outgrowth. miR-126 regulates Ang1 
expression under diabetic conditions with and without treatment of Tβ4. 
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Title: Second-generation brainbow adeno-associated virus with improved labeling brightness, 
color diversity and neuronal subtype identity  

Authors: F. LU, A. STOLZ, *D. CAI, J. S. STECHER, D. ROOSSIEN, Z. HALL;  
Cell and Developmental Biol., Univ. of Michigan, Ann Arbor, MI 

Abstract: Creating random colors in individual cells, the Brainbow technology allows labeling 
and distinguishing intermingled neighboring neurons in the same brain. The introduction of 
Brainbow labeling by adeno-associated virus (AAV), a safe and chronic gene delivery vector 
broadly used in neuroscience, expanded the application potentials of Brainbow. The first 
generation of Brainbow AAV system delivers 4 spectrally distinguishable fluorescent proteins 
(FP) by mixing two viral species, each of which packaged two FPs and upon Cre recombination, 
a non-fluorescent or either FP (total of 3) outcome will be generated. Therefore, a 1:1 mix of 
these AAVs allows up to (3x3-1) eight possible color combinations. The first generation of 
Brainbow AAV also targets FPs to the cytoplasmic membrane to homogenously label even the 
finest axonal and dendritic processes. However, immunofluorescence amplification is often 
required to increase the labeling brightness, which costs additional experimental procedures and 
time. We created the second generation of Brainbow AAV to overcome the labeling brightness 
limitation and brought additional improvements including increased labeling color diversity and 
neuronal subtype identity. We further reduced the AAV packaging content to one FP species per 
virus, which allowed us introducing FPs in tandem copies to increase native fluorescent 
intensity. We also redesigned the recombination scheme that either an ON or an OFF outcome 
will be created after Cre recombination. Therefore, mixing equal amount of 4 spectrally 
distinguishable FPs will generate (24-1) fifteen possible color combinations. Finally, a new set of 
Brainbow AAVs are created to allow labeling of two neuronal subtypes in the same animal, in 
which Cre and Flp recombinases are expressed in two distinct population of neurons. 

Disclosures:  F. Lu: None. A. Stolz: None. D. Cai: None. J.S. Stecher: None. D. Roossien: 
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Title: Novel sample preservation for non-biased recovery and detection of miRNA markers in 
clinical samples. 

Authors: S. FORMAN, L. BASILIO, *A. D. CLAUSEN, X. JIA;  
Zymo Res. Corp., Irvine, CA 

Abstract: Sample collection and preservation is crucial for accurate and non-biased nucleic acid 
analysis. We have identified major biases in detection of miRNA species implicated in 
neurodegenerative disease. We tested and compared collection devices, reagents and purification 
workflows in their ability to preserve and allow for efficient recovery of nucleic acids, 
specifically miRNAs from whole blood. To evaluate the miRNA expression in clinical samples 
we used the next generation sequencing (Illumina) and hybridization-based analysis 
(Nanostring). The expression profile comparison shows high correlation between the two 
detection methods. However, our study identifies workflows and reagents that result in absence 
or underrepresentation of miRNA species, including those implicated in neurodegenerative 
disease (e.g., miR-126; Parkinson’s disease). 
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Title: Novel method to ascertain chromatin accessibility at specific genomic loci from frozen 
brain homogenates and laser capture microdissected defined cells 

Authors: E. DELVAUX1, D. MASTROENI1,2, J. NOLZ1, *P. D. COLEMAN1,2;  
1ASU-Banner Neurodegenerative Res. Ctr., Tempe, AZ; 2Banner Sun Hlth. Res. Inst., Sun City, 
AZ 

Abstract: Numerous epigenetic mechanisms converge to modulate chromatin structure and 
many methods exist to delineate this structure. DNase I digestion is a conventional method used. 
However, a major limitation of DNase I based methods is the susceptibility of DNase I to 
inhibition by actin, a component of many cells and tissues. Recently, a protocol was developed 
for determining chromatin accessibility in frozen tissue homogenates using Benzonase, a robust 
nuclease whose efficacy is not affected by the presence of actin (Grøntved et. al, 2012). Here we 
describe a protocol to assess chromatin structure at specific loci using Benzonase digestion and 
qPCR of DNA extracted from frozen tissue homogenates and laser capture microdissected 
(LCM) defined cells. This protocol is relatively quick, inexpensive and achievable in any 
research laboratory outfitted with standard real time PCR equipment. This novel method will 
allow a more focused examination of chromatin structure, its influence on gene expression and 
the impact it may have on gene expression in normal and diseased brain as well as other tissues. 
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Title: Translation Dysregulation in ALS 



Authors: *S. YAO1, A. COYNE2, D. ZARNESCU2;  
1Mol. and Cell. Biol., 2Univ. of Arizona, Tucson, AZ 

Abstract: Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disease that affects the 
lives of at least 30,000 people in the United States, annually. It is often categorized by the 
progressive neurodegeneration of motor neurons. TAR DNA Binding Protein (TDP-43) is 
normally found within the nucleus having known roles in RNA splicing as well as DNA-binding. 
Mislocalization of TDP-43 to the cytoplasm, either due to mutations or to environmental 
stressors leads to accumulation of TDP-43 in cytoplasmic inclusions. Notably, in the cytoplasm, 
TDP-43 associates with RNA stress granules and also affects mRNA translation, both of which 
are thought to contribute to disease pathology. In order to study the effects that cytoplasmic 
TDP-43 mutations have on translation, a technique called polysome fractionation is utilized. This 
technique uses sucrose gradients to effectively separate different ribosomal populations. The 
mRNAs that are bound to multiple ribosomes, or polysomes, are separated from the mRNAs 
bound to single ribosomes. This allows the pinpointing of specific defects in protein production 
as well as potential explanations to how it may affect cellular metabolism. Furthermore, this 
technique is able to provide information about the halting of protein production in response to 
stress which is a potential factor that contributes to ALS. Western blotting and quantitative PCR 
(qPCR) allow us to observe the protein and transcript distribution within the polyribosome 
fractions, respectively. Using these approaches we found that TDP-43 associates with both 
translating polyribosomes as well and untranslated fractions (RNP and the ribosomal subunits). 
qPCR of futsch, an mRNA target of TDP-43 showed a shift in transcript levels from actively 
translated to untranslated fractions in the context of TDP-43, indicating that futsch mRNA is 
being repressed by TDP-43 in motor neurons. Taken together, these findings indicate that TDP-
43 regulates the translation of specific mRNAs and defects in translation may contribute to ALS. 
Experiments will focus on additional candidate mRNA targets that will be tested for their 
distribution within polysome fractionations to determine their translational status in disease. 
Candidate mRNAs that are identified by Translating Ribosome Affinity Purification (TRAP) that 
also associate with TDP-43 in complex will be tested. Specifically, qPCR will used to distinguish 
shifts in translational targets in polysomes. Targets that are downtranslated should exhibit a shift 
into the RNP fractions while uptranslated targets will exhibit a shift into the polysomes. 
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Title: Validation of the use of voltage-sensitive fluorescent proteins in C. elegans 

Authors: *K. M. WEBSTER1, M. CHATZIGEORGIOU2, W. R. SCHAFER1;  
1MRC Lab. of Mol. Biol., Cambridge, United Kingdom; 2Sars Intl. Ctr. for Marine Mol. Biol., 
Bergen, Norway 

Abstract: C. elegans is an ideal model organism to use for studies involving optical imaging of 
neuronal activity. Its genetic tractability means that it is feasible to express genetically encoded 
proteins in specific neuronal populations, or even individual pairs of neurons. Many labs have 
successfully used genetically encoded calcium indicators (GECIs), such as Cameleon or 
GCaMPs, to monitor fluctuations in neuronal calcium levels in responses to a variety of stimuli. 
However, GECIs are regarded as a proxy for neuronal activity. It is technically challenging to 
record neuronal activity in C. elegans for several reasons, the foremost of which is that their 
pressurized cuticle makes accessing the neurons difficult. However, genetically encoded voltage-
sensitive fluorescent proteins (VSFPs) offer an alternative to optically measure neuronal activity. 
The VSFP Butterfly 1.2 protein has been optimized to detect sub-threshold fluctuations in neural 
activity in mammalian cells. We have been able to visualize and record activity from a codon 
optimized version of VSFP Butterfly 1.2 in C. elegans neurons. This construct successfully 
traffics to the plasma membrane and is functional in multiple types of neurons. We have 
expressed this protein under a variety of promoters and have used it to record neuronal responses 
to mechanical and other stimuli, including nose press. It is also possible to record spontaneous 
activity from motor neurons in young, freely moving worms. The combination of the stereotyped 
development of the C. elegans nervous system with the known physical connectome and well 
characterized functional circuits presents the opportunity to use this tool to simultaneously record 
the activity of an entire circuit. Further, we are able to correlate the changes in fluorescence 
intensity in the two different components of the FRET pair with specific voltage changes across 
the membrane in a whole cell patch-clamp electrophysiology configuration in dissociated C. 
elegans neurons. The data we present validate the usefulness of VSFP Butterfly 1.2 as a method 
to optically measure neuronal activity in C. elegans and demonstrate the range of experimental 
uses to which it can be applied. 

Disclosures:  K.M. Webster: None. M. Chatzigeorgiou: None. W.R. Schafer: None. 
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Title: Enrichment of unamplified DNA and long-read smrt sequencing to unlock repeat 
expansion disorders 

Authors: *J. EKHOLM1, Y.-C. TSAI2, T. A. CLARK2;  
1Marketing, Pacific Biosci. Inc, Menlo Park, CA; 2Pacific Biosci., Menlo Park, CA 

Abstract: Many neurological and neuromuscular disorders are caused by repeat expansions that 
span large genomic regions. Despite the fact that the causative disease genes have been 
uncovered, the underlying biological disease mechanisms are still largely unknown. This is 
mainly due to technological limitations that do not allow for the needed base-pair resolution of 
the repetitive DNA. Research has shown that in addition to accurately accessing the repetitive 
elements, the interruption sequences found in the midst of these repetitive regions have an 
impact on DNA stability, disease anticipation and disease severity. Other aspects that seem to be 
key in further understanding the disease etiology of repeat expansion disorders are base 
modifications and the transcriptional activity of the mutated genes. 
We have developed a novel, amplification-free enrichment technique that uses the CRISPR/Cas9 
system to target large repeat expansions. This method, in conjunction with PacBio’s long reads 
and uniform coverage, enables sequencing of these complex genomic regions. By using a PCR-
free amplification method, we are able to access not only the repetitive elements and interruption 
sequences accurately, but also the epigenetic information. In addition, we also avoid any biases 
that would be introduced by PCR. This method has successfully been used in sequencing the 
causative repeat expansions for Huntington’s Disease (HTT; CAG repeat), Fragile X (FMR1; 
CGG repeat), ALS (C9orf72; GGGGCC repeat), and Spinocerebellar ataxia type 10 (SCA10; 
variable ATTCT repeat). With this data, we demonstrate the ability to isolate hundreds of 
individual on-target molecules and accurately sequence through long repeat stretches, regardless 
of the extreme GC-content. We also demonstrate the ability to directly detect and characterize 
epigenetic signatures. Lastly, we have also built the first comprehensive isoform map for the 
FMR1 gene and identified transcripts that seem to have functional relevance in the pathology of 
FMR1-associated disorders such as fragile X-associated tremor/ataxia syndrome. 

Disclosures:   J. Ekholm: A. Employment/Salary (full or part-time): Pacific Biosciences. E. 
Ownership Interest (stock, stock options, royalty, receipt of intellectual property rights/patent 
holder, excluding diversified mutual funds); Pacific Biosciences. Y. Tsai: A. 
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Title: Two-color bioluminescence for sensitive and quantitative discrimination of cell grafts in 
the mouse brain 

Authors: *M. ASWENDT1, S. VOGEL1, C. SCHÄFER1, A. JATHOUL2, M. HOEHN1,3;  
1Max Planck Inst. For Metabolism Res., Koeln, Germany; 2Sch. of Biosci., Cardiff Univ., 
Cardiff, United Kingdom; 3Radiology, Leiden Univ. Med. Ctr., Leiden, Netherlands 

Abstract: Objectives 
Bioluminescence imaging (BLI) holds great potential for sensitive and quantitative in vivo 
monitoring of mouse brain cells. We have validated and optimized BLI for tracking viability and 
fate of transplanted stem cells longitudinally. Here, we present a novel multicolor luciferase 
approach, in which spectral unmixing is applied to calculate individual cell numbers in vivo. 
Methods 
We used firefly luciferases x5g and x5r, which are codon-optimized for high expression in 
mammalian cells and mutated for green (Em=540 nm) and red (Em=614 nm) photon emission. 
Luciferases were cloned into lentiviral plasmids and used to transfect HEK-293T cells. BLI and 
spectral unmixing was performed using the IVIS Spectrum CT system (18 emission filter, 500-
840 nm). A cell dilution series with variable ratio of x5g/r cells was used in vitro (1 mM D-
Luciferin, 1 min acquisition). Discrimination and quantification by imaging cell grafts containing 
different mixtures of x5r and x5g cells (50,000-150,000 cells) in the cortex or striatum of nude 
(Nu/Nu) mice (n=40) in vivo (300 mg/kg D-Luciferin i.p. pre-Isoflurane anaesthesia). 
Results 



The spectral unmixing algorithm was found to predict the ratio of x5g/r cells in the micture 
accurately because of the strictly linear relation between photon flux and x5g/r cell numbers 
(Fig. 1A, B). The in vivo spectra of x5g/r were shifted towards higher wavelengths and much 
broader, however, still distinct enough to be identified as two emission peaks by the spectral 
unmixing algorithm (Fig. 1 C). The in vivo data on cortical and striatal cell grafts revealed 
efficient spectral unmixing of red and green signals in correct quantity (e.g. 71% x5g calculated 
by the algorithm and 75% x5g actually transplanted) (Fig. 1 D). 
Conclusions 
We have demonstrated efficient unmixing of novel red and green firefly luciferases in vitro and 
in vivo. For the first time, this two-color BLI promotes sensitive and quantitative tracking of 
distinct cell populations. We are currently translating this approach to the spectral unmixing of 
neurons and astrocytes in vivo. 
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Title: Analysis on neurotoxicity of gold nanoparticles on neurons and glia 

Authors: *S. KIM1, S. HWANG1, S. JUN1,2;  
1Electronics Engin., 2Dept. of Brain and Cognitive Sci., Ewha Womans Univ., Seoul, Korea, 
Republic of 

Abstract: Among various types of nanoparticles, gold nanoparticles in particular are stealing the 
spotlight for its stability and suitability for bio-related studies. Recently, for various purposes 
such as bioimaging, drug delivery, and neuromodulation, researches utilizing nanoparticles are 
being conducted. Whereas gold nanoparticles are known to be biocompatible, the particle itself 
is, after all, a foreign substance both in vivo and in vitro. To date, there have been prior 
investigations to assess the toxicity of nanoparticles upon non-neuronal cells. In this study, we 
attempt to assess neurotoxicity of gold nanoparticles by observing cultured hippocampal neurons 
and glial cells. They were separately cultured and grown for 14 days, seeded with gold nanorods, 
and then observed for seven consecutive days. The particles used were 59 nm and 146 nm in 
length, and the concentration rate varies from 8.5x1010 nps/mL to 3.4x1011 nps/mL. The effects 
are different depending on the size and the concentration of the particles. We focus especially on 
the aspect of cell death linked with neurotoxicity, mainly utilizing live dead cell assays. In 
addition, correlation between glial death and the survival of neurons under nanoparticle-seeded 
environment are interpreted. In general, severe toxicity was observed with the larger size and 
heavier concentration rates. This study is expected to serve as a foundation experiment for 
further research on the cytotoxicity of gold nanoparticles. Furthermore, in vivo experiments by 
injecting gold nanoparticles in Sprague-Dawley rats are to follow. 
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Title: Low access resistance subcortical whole cell recordings In vivo 

Authors: *W. STOY1, Y. J. LIEW1, B. YANG2, C. J. WHITMIRE1, A. PALA1, C. 
CAPOCASALE2, T. LEE2, A. ORTIZ1, P. Y. BORDEN1, G. B. STANLEY1, C. R. FOREST2,1;  
1Wallace H. Coulter Dept. of Biomed. Engin., 2George W. Woodruff Sch. of Mechanical Engin., 
Georgia Inst. of Technol., Atlanta, GA 

Abstract: Patch clamp recordings deep in the intact living brain (e.g. >1 mm) have long suffered 
from low yield and high access resistance, primarily due to pipette electrode contamination 
during descent to subcortical nuclei. In the mouse, for example, pipettes are significantly less 
likely to be inserted cleanly to the thalamus, located at a depth of 3 mm in C57BL/6 mice as 
compared to, the cortex, located at a depth of approximately 0.5 mm. This degradation limits the 
utility of patch clamping, the gold-standard method of cellular electrophysiology, where it could 
be extremely useful for studying cellular function and synaptic connectivity below superficial 
layers. In addition, this limitation renders patch clamping virtually prohibitive for large brain 
models such as Rhesus macaque. 
After systematically measuring the effect of depth on pipette cleanliness, we developed an 
algorithm and best practices for reducing pipette tip contamination and improving access 
resistance when targeting deep, subcortical neurons in mice. Our results show that decent to 
depth of 0.5 mm increases electrode resistance by more than 300 kOhm in 32% of trials, while 
descents to 3.0 mm increase electrode resistance above this threshold in 88% of trials. 
Our algorithm and methods improve these results substantially. By utilizing robotically 
controlled pipette motion and continuous electrical resistance feedback, we are able to “dodge” 
obstructions such as neurons and blood vessels during descent. Using this new algorithm, pipette 
resistance is measured at 128 Hz during descent for a high spatial resolution. If an obstruction is 
encountered prior to the region of interest (as indicated by an increase in resistance >1 MOhm 
threshold), the pipette is stopped, retracted, and moved laterally in 20 um steps. Lateral steps are 
repeated until resistance decreases below threshold, indicating that the obstruction has been 
circumvented and descent is resumed until the region of interest is reached. 
Pipettes inserted using this method arrived at the region of interest without a significant change 
in resistance (<300 kOhms at 3 mm) 69% of the time (n=46), while pipettes inserted using 
traditional blind, linear methods were inserted successfully 32% of the time (n=31); Whole cell 
recordings following successful descent resulted in lower access resistance than those inserted 
with the traditional algorithm. This pipette localization method therefore greatly improves the 
quality and accessibility of subcortical tissues in the intact brain. 
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Title: Rapid cortical barrel mapping using automated multi-whisker stimulation and intrinsic 
optical signal imaging 

Authors: *T. LEE1, C. M. CAPOCASALE1, P. Y. BORDEN2, W. STOY2, C. J. WHITMIRE2, 
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Abstract: The study of single-unit, whisker-evoked activity in the mouse somatosensory cortex 
through targeted electrophysiology requires multi-whisker stimulation and knowledge of the 
corresponding barrel location. Tools for addressing multiple whiskers are slow and manual (e.g. 
galvanometer) or inordinately expensive and complex (e.g. piezoelectric array). Imaging tools 
for barrel mapping have been well studied but require users to manually relate manipulator 
coordinates to anatomical coordinates. To address these limitations, we describe two tools for 
rapid, automated cortical barrel mapping: (1) a low cost, compact device for multi-whisker 
probing and (2) an automated system for Intrinsic Optical Signal Imaging (IOSI) barrel 
localization and precision electrode placement. (1) To provide independent actuation of vibrissa, 
whiskers are manually threaded into a comb-like, linear array. Individual whiskers are 
constrained in the dorsal-ventral direction but free to move in the rostral-caudal direction. 
Whiskers are actuated within the slot of the comb-like array in the rostral-caudal direction using 
directed puffs of air; we can deliver a maximum angular velocity of 250 degrees per second and 
a maximum absolute deflection of 5 degrees at the whisker pad (stimulator located 10 mm from 
the facial skin) at up to 10 Hz. To functionally validate the stimulator, we used voltage sensitive 
fluorescent protein imaging of barrel activation in response to whisker movement from our 
stimulator and from a galvanometer. We find no difference in the cortical barrel centroid location 
and the spatial spread of barrel activation between the two stimulating paradigms. (2) In 
conjunction with the whisker stimulator, we have developed a system for automated, IOSI-
guided, electrode placement in the barrel cortex. Prior to cortical optical imaging, the electrode 
tip is imaged and located in the imaging volume. Cortical barrel centroids are found immediately 
using IOSI followed by automated image processing for rapid functional mapping. We report 
accurate and repeatable IOSI-guided, automated barrel localization when compared against post-
mortem histological stains. With machine vision, we transform electrode coordinates into 



manipulator coordinates for precision electrode placement. We have demonstrated the ability to 
automatically place an electrode at desired positions within the system’s imaging volume to 
within 40.3 µm, 95% of the time. Integrating these tools enables rapid, automated barrel mapping 
and targeted electrode placement. 
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Abstract: Dynamic interaction between neurons determines the nature and efficiency of 
information transmission across neural networks. To quantify sensory encoding at each stage of 
neural processing, simultaneous recording along a feedforward pathway is critical yet 
challenging. Previous work has demonstrated that targeting topographically aligned regions in 
vivo is experimentally tractable and could reveal synaptically coupled neurons in the intact 
circuit. However, a well-documented systematic approach is lacking. In this work, we optimize 
the experimental approach to reliably record from neuronal pairs in the thalamocortical (TC) 
circuit of the vibrissa pathway in the anesthetized rodent and assess the conventional spike cross-
correlation methods typically used to infer monosynaptic connectivity from simultaneously 
recorded neurons. Taking advantage of the well-known anatomical and functional organization 
of the rodent's whisker pathway, we first perform functional mapping of primary somatosensory 
cortex (S1). We assess the single unit layer 4 response to deflections of different individual 
whiskers, and create a stereotypical functional map to align with a template anatomical map 



using stereotaxic coordinates. After identifying a barreloid in the ventroposteromedial thalamus 
(Vpm) responding to one primary whisker, we then utilize the map to target the corresponding 
cortical barrel. To verify the accuracy of the thalamic and cortical recording locations, we 
quantify response latencies and adapting properties of the neuronal pair in response to whisker 
deflection. Drawing inference of monosynaptic connection relies on spike count of coordinated 
firing between thalamic and cortical neurons, which is challenging given the typically low 
spontaneous TC activity. To probe the TC synaptic connectivity, we deliver a low velocity 
sinusoidal whisker stimulus to evoke decorrelated thalamic spikes while performing 
simultaneous recordings in topographically aligned TC regions. Using cross-correlation analysis 
of the spiking activity, we examine the functional relationship between identified neuronal pairs 
and classify monosynaptic connectivity. Systematic evaluation of the effects of parameters such 
as length of acquired data and the absolute firing rate of the recorded neurons suggests a set of 
guidelines for assessing monosynaptic connectivity through this method. Taken together, we 
have developed a step-by-step experimental and analytical approach for obtaining paired neural 
data, laying the foundation for multi-site, multi-electrode and even intracellular recording across 
different connected brain structures. 
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Abstract: Patch-clamp recording is a gold-standard technique for the accurate measurement of 
membrane voltage and current fluctuations in electrically active cells. From the advent of the 
technique in the late 1970s, it has been widely accepted that using a fresh pipette to patch every 
cell is critical to form a high-quality gigaohm-seal with the cell and yield a successful recording. 
On the other hand, the ability to reuse pipettes would greatly facilitate patch-clamp experiments, 
particularly those involving specially-treated pipette tips or multiple simultaneous recordings. 
We demonstrate for the first time that a simple cleaning procedure can enable pipettes to be 
reused. This fast (60 s) fully-automated cleaning procedure consists of dipping used pipettes into 
a commercially available detergent, pneumatically forcing the detergent into the tip, and finally 
rinsing the tip in a non-cytotoxic solution. 
With pipette cleaning, 8 pipettes were used to whole-cell patch 84 Human Embryonic Kidney 
(HEK293) cells out of 88 attempts (95% success rate), demonstrating that pipettes can be reused 
10 times. To confirm, we patched and reused pipettes on neurons in culture, acute brain slice, 
and in-vivo (Fig. 1). The pharmacological safety of pipette cleaning was demonstrated by 
patching HEK293 cells transfected with a γ-Aminobutyric acid receptor type A (GABAAR). No 
difference was seen in the dose response of cells patched with fresh and cleaned pipettes in 
response to GABA (peak current: fresh: 3.1 ± 1.54 nA, n=13, after 4th clean: 2.8 ± 1.13 nA, n=8). 
Finally, we integrated the pipette cleaning algorithm into our previously-developed automated 
patch-clamp robot, the Autopatcher. This enabled the Autopatcher to patch multiple HEK293 
cells serially, without human intervention, at a maximal rate of approximately 1 cell per 5 min. 
These results demonstrate for the first time that pipettes can be reused multiple times with a 
simple automated cleaning procedure, yielding a widely applicable tool for a variety of patch-
clamp preparations, especially those requiring high throughput and automation. 
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Abstract: The Allen Institute has undertaken a comprehensive, multi-year endeavor to 
understand the diversity and hierarchical organization of neuronal cell types. As part of this 
effort, the Institute has published electrophysiological, morphological, and transcriptomic data 
from hundreds of individual neurons of the mouse brain in the Allen Cell Types Database. The 
existing program utilizes parallel pathways for transcriptomic and 
electrophysiological/morphologic profiling, both of which take advantage of Cre lines that target 
subpopulations of neurons and allow for the comparison of the same types of cells across many 
animals: an in vitro slice electrophysiology platform allows for concurrent cell recording and 
filling with biocytin, followed by histological processing, imaging, and morphological 
reconstruction, while RNA-Seq is performed on dissociated single cells isolated by fluorescence 
activated cell sorting (FACS). In order to combine these two approaches and collect data from all 
three modalities for each individual cell, we have developed an approach to obtain RNA 
sequence data from recorded cells while maintaining intact morphologies from a substantial 
fraction of neurons. To scale this technique to reliably obtain high quality transcriptome and 
morphology data across multiple electrophysiology rigs and operators, we have standardized 
specific aspects of the protocol. Patch pipette characteristics, contents of the internal solution, 
and pressures required for cytoplasmic extraction, among other features, have been optimized to 
maximize the amount of electrophysiology data generated, while increasing the quality of 
transcriptomic data, as well as the morphological integrity. The ability to collect and analyze all 
three types of data from a single neuron will further our ongoing efforts to identify distinct cell 
classes and expand our understanding of the genetic mechanisms underlying neuronal diversity 
in the cortex. 
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Abstract: The relatively long lifespan, extended infancy and social cognition of non-human 
primates (NHPs) parallels many aspects of human development and the physiological, 
behavioural, and neuroanatomical similarities to humans can facilitate translation of therapeutic 
strategies to a range of human conditions. To date, the vast majority of electrophysiological 
recordings performed in NHPs have been achieved in juvenile animals with little if any work 
performed in aged animals. Here, data was obtained from two aged (20 years) female pig-tailed 
macaques (Macaque nemestrina). Both animals were scheduled for euthanasia due to significant 
health issues. On the day of experiments, animals were maintained under deep anaesthesia and a 
craniotomy performed to expose the brain. Animals were perfused with ice-cold, oxygenated 
artificial cerebrospinal fluid (aCSF, in mM: NaCl 124, KCl 5, KH2PO4 3, MgCl2 2, CaCl2 2, 
NaHCO3 23 and glucose 10) to displace blood and to rapidly reduce the temperature of the brain. 
The brain was removed within a few minutes of death and specific regions were immediately 
dissected for subsequent slice preparation and in vitro electrophysiological recording. The post-
mortem interval between death and tissue acquisition was measured in minutes as compared to 
the often hours to days that can elapse in other studies. Brain slices of 400 µm thickness were cut 
in chilled (<4°C) aCSF using multiple Leica VT1000s microtomes. Whole-cell patch-clamp 
recordings were successfully performed from multiple brain regions from a single animal with 
recordings performed from neurones within slices prepared from cortical, hippocampal, striatal, 
hypothalamic and cerebellar tissue. Simultaneously, extracellular recordings were performed in 
hippocampal slice tissue and long-term potentiation (LTP) of field excitatory postsynaptic 
potentials (fEPSPs) induced in the CA1 region following brief high-frequency electrical 
stimulation of the Schafer-collateral pathway. This approach enabled in vitro brain slice 
preparations to be maintained viable for at least 36 hours with the intrinsic, electrophysiological, 
synaptic and pharmacological properties of neurones characterised over this period. Our data 
show the viability of recording in vitro in aged NHP and highlights the potential of such studies 



for future translational studies, maximising the opportunity for NHP tissue use whilst minimising 
animal suffering. 
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Abstract: Multichannel electrochemical recording techniques are needed to reliably monitor the 
spatiotemporal activity of dopamine (DA) and other electroactive neurotransmitters, which 
collectively influence brain function. Fast-scan cyclic voltammetry (FSCV) is a well-established 
technique for monitoring changes in DA concentration and other electroactive substances with 
millisecond temporal resolution. Experiments using FSCV have shown that the spatiotemporal 
dynamics of DA release are heterogeneous within the striatum, a region that receives robust DA 
innervation. Traditional carbon fiber (CF) microelectrodes used in FSCV are, however, usually 
encased in glass or fused silica shafts with nominal diameters of ~100 µm that may compromise 
the intrinsic functionality and vasculature of the brain sites into which they are introduced. 
Persisting inflammatory responses to these implants may further alter intrinsic DA signaling 
processes as well as those recorded by such sensors. We have developed flexible CF 
microelectrode arrays (MEAs) in order to enhance electrochemical recording functionality and to 
ameliorate chronic inflammatory processes. Microfabrication processes are used to construct 8-
channel CF MEAs having individual electrode lengths of 5-6 mm with a pitch of 250 µm. CF 



electrodes are insulated with ~700 nm thick parylene-C for overall diameters of ~8.4 µm. Active 
recording sites are formed by exposing a ~150 µm length from the CF tips. DA recording 
capacity was assessed in vitro and in vivo in anesthetized rats. DA concentration was recorded 
concurrently from 4 recording sites of the CF MEA across the mediolateral axis of the dorsal 
striatum as evoked by medial forebrain bundle (MFB) stimulation. Controlled current stimulation 
was delivered at bipolar platinum-iridium electrodes with a train of 48 biphasic pulses (2 ms 
pulse-width, 60 Hz, 200 µA). DA selectivity was conferred by demonstration of redox potentials 
at ~−0.25 and 0.6 V and by principle component analysis. The concentration of DA induced 
across the 4 sites was heterogeneous and dependent on location of MFB electrodes, with evoked 
DA oxidation current amplitudes ranging from −5 to 40 nA. Our results demonstrate the 
potential of microfabricated CF MEAs in elaborating the spatiotemporal dynamics of DA and 
other neurotransmitters in the brain. 
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Abstract: Advances in technologies for electrophysiology combined with optical and genetic 
manipulations have greatly improved our understanding of the brain. Yet, the complexity of the 
human brain makes it difficult to develop a complete understanding of how sensory information 



is processed and transformed into behavior, and how this information processing changes with 
time. To better understand the dynamics of an entire nervous system, it is useful to work with 
model organisms with fewer neurons. Small transparent organisms like the roundworm C. 
elegans and freshwater jellyfish Hydra vulgaris provide us with nervous systems that can be 
imaged in their entirety at cellular resolution using a variety of optical microscopy techniques. 
While these optical methods provide excellent spatial resolution, they typically lack the 
millisecond temporal resolution possible with electrophysiology. Thus electrophysiology is an 
important complement to optical techniques that would provide precise timing of individual 
action potentials. However, electrophysiology remains a difficult and invasive process in these 
small organisms. Here we present a platform technology that can perform simultaneous high-
resolution optical imaging and electrophysiology in small model organisms. This device is based 
on our recently developed nanoscale suspended electrode arrays (nano-SPEARS) combined with 
inverted confocal microscopy allowing us to image neuronal calcium activity while 
simultaneously measuring electrical activity associated with rhythmic potentials in Hydra or 
neuromuscular junction activity in worms. Taking advantage of the microfluidic environment, 
we can also measure the response of organisms to specific stimuli such as chemical or thermal 
cues. As a result, we can improve the understanding of neural information processing by probing 
whole-brain neural dynamics with high-temporal, and high-spatial resolution in small model 
organisms as they interact with their environment. 
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Abstract: Real time imaging of fast electrical activity in the nervous system is a major current 
goal in neuroscience. Electrical Impedance Tomography (EIT) enables tomographic imaging of 
impedance changes related to fast neuronal activity. For neural activity imaging, EIT has been 



implemented with surface electrodes placed on the skull or directly on the surface of the cerebral 
cortex in recent researches. The aim of this research is to perform EIT in the deep brain using 
depth electrode arrays. As part of an effort to develop deep electrode array, we applied 
nanotechnology on electrodes to enhance electrochemical impedance characteristics. In this 
research, various designs of depth probes were investigated to minimize damage to the brain 
tissue and overcome size constraints in the brain. For nano-electrode fabrication, we applied 
electrodeposited iridium oxide film neural probes. Iridium oxide showed high charge density and 
high charge injection rate which are ideal for EIT application. To enhance mechanical adhesion 
of the nanostructure film, we developed a new fabrication process that amplifies the nucleation 
of iridium oxide at the initial stage of deposition process. Measured results were analyzed using 
electrical impedance spectroscopy and compared with theoretical models. Measured 
electrochemical impedance values demonstrated significant reduction of electrochemical 
impedance. Applying measured impedance values and the size of electrodes, a spatial resolution 
of EIT imaging is expected to be less than 200 µm. Future work is required to apply nano-depth 
probes for in-vitro and in-vivo studies and characterize their functionality in the rat brain model. 
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Abstract: Multi-channel Igor Electrophysiology Software (MIES) is a major component of the 
software tools the Allen Institute for Brain Science is using to fully automate electrophysiology 
recordings. A key feature of MIES, not commonly found in other electrophysiology data 
acquisition software, is the ability to acquire data on more than four channels at the same time. 
To counteract the complexity that arises from recordings from multiple cells simultaneously, 
MIES provides an integrated user interface that simplifies hardware control and data 
visualization. Another mechanism by which MIES facilitates data acquisition on multiple 
channels is by automation of experiment documentation. Finally, MIES automates pressure 
regulation, with the use of only two commercial off-the-shelf components, to relieve the user of 
this manually intensive task. MIES is built with the widely used, affordable, well supported, and 



professionally documented scientific and engineering software package Igor Pro (Wavemetrics), 
however, MIES data is accessible outside of Igor because data is stored the standardized data 
format Neurodata Without Borders (NWB). MIES is designed to integrate with other software 
packages for imaging or micromanipulator automation. MIES has been comprehensively tested, 
in part, because of its primary role in data acquisition for the Allen Cell Types Database. In 
short, MIES is scalable, comprehensive, and customizable and is intended for acquisition, 
visualization, and analysis of electrophysiology data on multiple channels simultaneously. 

Disclosures:  T. Jarsky: None. L. Campagnola: None. D. Reid: None. J. Berg: None. T. 
Braun: None. 

Poster 

752. Cellular and Network Electrophysiological Approaches 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 752.12/MMM32 

Topic: I.04. Physiological Methods 

Title: Microfluidic actuation of flexible microelectrodes for neural recording and stimulation 

Authors: *F. VITALE1, D. G. VERCOSA2, S. PAMULAPATI3, J. YAN4, K. BADHIWALA4, 
M. PASQUALI3, J. T. ROBINSON5;  
1Ctr. for Neuroengineering and Therapeut., Univ. of Pennsylvania, Philadelphia, PA; 2Applied 
Physics, 3Chem. and Biomolecular Engin., 4Bioengineering, 5Electrical and Computer Engin., 
Rice Univ., Houston, TX 

Abstract: The development of implantable devices to record and stimulate neural circuits has 
led to breakthrough discoveries on the connectivity and functionality of the brain in healthy and 
diseased states. Despite tremendous advances, technologies for high-resolution electrical 
recording and modulation of neural activity at the cellular level still rely on rigid metals or 
silicon components, which poorly match soft brain tissue and cause extensive acute and chronic 
injury.1,2 
Flexible electrodes and ultra-small microwires approximating cellular scale have been shown to 
significantly reduce neural damage during chronic implantation and increase the quality and 
longevity of neural recordings.3 However, flexible electrodes require stiffening agents (i.e., 
polymeric coatings or rigid needles) to overcome the buckling force upon implantation. These 
stiffening agents increase device footprint and potentially cause additional neuronal death or 
damage to the blood brain barrier during implantation.3 
To overcome this challenge we have developed a novel technology to precisely actuate, control 
and implant high-performance, soft carbon nanotube fiber (CNTf) microelectrodes without using 



a stiffening agent or shuttle. Instead, our technology uses fluid flow within a microfluidic device 
to drive electrodes into tissue. The hydraulic design of the microfluidic device and the on-chip 
valves enable precise bidirectional control of the fiber motion, velocity and position, by simply 
tuning the flow parameters. In vitro experiments in agar phantoms mimicking the mechanical 
properties of the brain, show that microfluidic actuated CNTf can be implanted at 1.5 mm depth 
with 30 µm precision, while keeping the total volume of fluid injected below 0.1 µL. 
To demonstrate the feasibility of this novel technology as a tool for inserting flexible CNTf 
electrodes and probing neural activity in vivo, we utilized the small cnidarian Hydra vulgaris as 
model organism. CNTfs were implanted in Hydra and used to interrogate neural circuits over a 
period of several hours and isolate the specific activity of the neural networks located in different 
regions of the Hydra body. 
1. Subbaroyan, J; Martin, D. C; Kipke, D. R. J Neural Eng 2005, 2 (4), 103–113. 
2. Harris, J. P; Tyler, D. J. Crit Rev Biomed Eng 2013, 41 (6), 435–456. 
3. Vitale, F; Summerson, S. R; Aazhang, B; Kemere, C; Pasquali, M. ACS Nano 2015, 9 (4), 
4465–4474. 
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Abstract: Two-photon guided patch-clamp is a technique that combines two-photon laser 
scanning microscopy with whole cell patch-clamp recording. By enabling specific identification 
of cells and analysis of their subthreshold and synaptic neural activity in vivo, it has become a 
powerful tool for studying the electrophysiological properties of individual neurons in the intact 
brain. However, performing this technique in a high-throughput fashion is a major challenge, 
because it involves complicated and laborious procedures that require much skill and experience. 
We have now, building from our prior development of an automated blind patch system (Nature 
Protocols 11:634-654, Nature Methods 9:585-587), developed a robotic system that 
automatically completes the tasks involved in two-photon guided patch-clamp recordings, 
reducing the need for human expertise and labor. 
For automated imaging and identification of fluorescently labeled cells and fluorescent dye-filled 
pipettes during the patch-clamp process, we have created a Matlab-based module that runs in 
parallel with ScanImage, an open-source software package commonly used for image-guided 
patch-clamp recordings in vivo. Our system fully automates pipette movement onto the target 
cell, gigaseal formation, and break-in, by dynamically controlling an automated pressure box and 
a micromanipulator. Importantly, the pipette movement occurs in a fully closed-loop fashion, 
adjusting the pipette trajectory according to the target cell movements that are automatically 
captured by the two-photon microscope images. We tested our automated patch-clamp strategy 
on fluorescently labeled parvalbumin-positive interneurons in the mouse cortex, and we were 
able to achieve the whole-cell configuration that enabled recordings of the spiking and 
subthreshold electrical activity of these cells. Our system has the potential to become a useful 
tool for skilled electrophysiologists as well as for those new to the field, as it eliminates several 
laborious manual procedures involved with the two-photon guided patch-clamp process. 
Furthermore, our system may be scalable to the recording of many cells, if the code and 
algorithms for all of the automated procedures are extended to multi-cell patch-clamp recordings. 
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Title: Reconstruction of optogenetically induced oscillations using magnetoencephalography 
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CONSTANTINIDIS2, J. DAUNAIS4, D. GODWIN2;  
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Abstract: Oscillatory activity has been observed across nearly every system in the mammalian 
brain at a wide range of spatial and temporal scales. Oscillations are suspected to have a 
functional role in the organization, transmission, and processing of information. However, 
measuring oscillations often requires a tradeoff between spatial and temporal resolution. The 
temporal resolution afforded with electrophysiological recordings is offset by its restricted 
anatomical coverage; whereas the whole brain coverage granted with functional MRI does not 
provide sufficient temporal resolution to capture the transient and high-frequency nature of most 
oscillations. Magnetoencephalography (MEG) is a whole brain neurophysiological recording 
technique that allows for both high temporal and spatial resolution when appropriate analytics 
are applied. We have developed a method that allows for optically generating oscillatory activity 
in a non-human primate while recording MEG data. We demonstrate that we can localize the site 
of evoked signals and reconstruct accurately and precisely spectral features of the recorded 
neural activity with the beamformer SAM, which allows time series-based analysis of 
oscillations at discrete anatomical sites across the whole brain. CA3 of hippocampus and 
prefrontal area 8 of vervet monkeys were transfected with AAV10-CaMKIIα-ChR2-eYFP and an 
optrode was implanted at the transfection site, allowing for simultaneous optical stimulation and 
electrophysiological recordings. Animals were optically stimulated with 3 seconds of theta (8Hz) 
or gamma (40Hz) frequency modulated light source. This stimulation pattern elicited a neural 
response at the frequency of stimulation (8 and 40 Hz) as recorded by the implanted electrode. 
The same stimulation pattern was then applied during MEG recording. MEG data were analyzed 
using the beamformer Synthetic Aperture Magnetometry (SAM) from MISL. First, the 
beamformer was used to identify coordinates of peak activity concordant with the known site of 
activation. After identifying peak generators a weight matrix was calculated for that location 
with the same temporal resolution as the MEG recording. This weight matrix was used to 
calculate an estimated source series, or virtual electrode. Comparison of the directly recorded 



electrode data with the source series showed that the source series accurately estimates optically 
evoked oscillatory behavior. The ability to generate and reconstruct neural oscillations across the 
whole brain at temporal scales relevant to neural function will allow for testing hypotheses 
related to the role of native oscillations. 
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Title: Functional network parcellation of human cortex using ECoG 
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Abstract: Large-scale cortical networking patterns have been established based on the 
correlation of slow fluctuations of resting BOLD signals. However, its electrophysiological basis 
remained to be elucidated. For the slow nature of hemodynamic signals, the evolution of these 
networks during rest and tasks is hard to be captured. Here, we developed a novel approach for 
functional networks parcellation on the basis of the probability of spontaneous co-activation 
among ECoG electrodes. The accuracy of this parcellation approach was verified by electrical 
cortical stimulation (ECS) and somatosensory evoked potentials. A further analysis revealed that 
the brain-wide connectivity is likely built on the ECoG synchrony of power envelop at a 
common carrier frequency ranging from alpha to low-beta (8-22.5Hz) with slight individual 
difference. And the synchronization frequency approximated the slow fluctuation (<0.1 Hz) of 
resting BOLD signals. The high similarity between the above functional network parcellation 
and the fMRI resting network atlas in individuals also suggested the power-envelope synchrony 
of neural oscillations as the electrophysiological basis of spontaneous BOLD signals. 
Furthermore, the slow carrier frequency (8-22.5Hz) based functional network parcellation atlas 
was found to be consistent across various tasks, and to resemble the resting networks. However, 
the networking patterns in tasks could be easily distinguished from each other using the carrier 



frequency of high gamma band (60-140Hz) instead. This may suggest a common networking 
mechanism of task and resting brain, with only difference in carrier frequency. 
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Abstract: Over the past decades, notwithstanding remarkable advances in biotechnology and 
neurotechnologies, progress in elucidating brain disorders and in the development of novel 
therapeutic strategies has stalled. Among the different research directions that need to be 
progressed in parallel to face this challenge, a valuable approach consists in the development of 
efficient predictive in vitro methodologies that exploit emerging neurotechnologies to support 
elucidating the functional responses of neural circuits involved in different pathophysiological 
processes. Specifically, we target cell-based assays enabling to better understand the 
neurophysiology of networks and to pinpoint neurodevelopment and neurodegenerative disease 
mechanisms, as needed to establish simple, yet well-controlled, disease models for cell therapies 
and functional drug screening. 
In this respect, the confluence of new emerging technological approach realized with low-power 
CMOS active circuits has been recently introduced. This enables recordings of spiking activity 
simultaneously from several thousands of densely integrated electrodes (i.e. 4096 electrodes). 
The result is a unique sensing capability that provides access to extracellular signals at multiple 
scales in large-scale neuronal networks cultured on-chip. 
As it will be presented here, CMOS-MEAs can be applied for studying neuronal ensembles 



(murine or human-derived) and their response (with single-neuron detail) to chemicals and drugs 
as well as for assessing developmental impairments of neuronal spiking activity in genetic 
models of diseases. On the other hand, high-content imaging (HCI) is combined with these 
electrical measures to provide multiple cellular measurements from each single experiment. 
These multimodal read-outs will be demonstrated: i) to assess the use of neural stem cells and of 
potential biochemical therapies to rescue the early activity-dependent degeneration induced by 
the toxicity of Aβ oligomers on primary rat hippocampal neurons; ii) to characterize 
neurodevelopmental alterations of the in vitro development of hippocampal neuronal networks 
from a disease mouse model, in particular, focusing on homeostatic plasticity properties, and iii) 
to study the development of electrical activity and evoked responses of human-derived neuronal 
networks over several months. 
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Abstract: The brain is composed of modular sub-networks with defined connectivity patterns, a 
key feature to let higher cognitive capacities emerge. Substrate patterning and physical 
confinement allow for structuring of neural networks in vitro to mimic a brain-like modularity. 
To this end, we paired a polydimethylsiloxane (PDMS) multi-well microchannel device with 
microelectrode arrays (MEAs) to connect 64 3D cortical network nodes through four 
microchannels each (Fig. 1C). Thin (100 µm) PDMS devices were fabricated by soft lithography 
(1). Each device included 8x8 microwells (h=100 µm, r=80-120 µm) and interconnecting 
microchannels (h=5 µm, w=20 µm or 30 µm, l=80-120 µm). Microwell were paired with 
recording electrode (Fig. 1 A and B). Rat cortical neurons were seeded at different densities (∼  
10, 50 and 100 cells/well). 3D structures did not develop in low-density modules. However, in 
dense cultures 3D neural structures appeared in each module residing on a glial carpets at their 
bottom (Fig. 1G and H). Extracellular signals in patterned cultures appeared around 8 DIV, first 



as single spikes, which then turned into burst activity around 14 DIV. The signal amplitudes in 
patterned cultures were significantly higher than in random cultures (Fig. 1I). The connectivity 
density between modules varied with the microchannel width and the overall cell density. The 
transparent microchannel devices on MEAs not only gave clear optical access to the 3D sub-
populations, but created a stable cellular microenvironment for long-term recording and 
microscopy. Simplifying the 2D neural networks by decreasing the total number of cells by a 
factor of 10 and by compartmentalizing them into 3D modules coupled to electrodes allowed us 
to model some aspects of the brain's modularity on a chip and also increased the spatial accuracy 
of the recorded data. The system can be easily adapted to different experimental paradigms that 
may include pharmacological and molecular studies on separate modules without affecting other 
compartments. 1. Habibey, R., et al., Lab on a Chip, 2015. 15(24): p. 4578-4590. 
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Title: Objective detection criteria and analyses of theta (θ) and gamma (γ) oscillations and their 
phase-amplitude coupling (PAC) during long-term continuous intrahippocampal LFP recordings 
in mice 

Authors: L. MOLNAR1, J. DOMOKOS1, I. FERANDO2, *I. MODY2;  
1Electrical Engin., Sapientia Univ., Targu-Mures, Romania; 2Dept Neurol., UCLA Sch. Med., 
Los Angeles, CA 

Abstract: In rodents θ oscillations (5-10 Hz) provide a framework for spatial navigation and 
memory-related tasks, and in single neurons ensure somatic synchronization of dendritic events. 
During memory tasks the phase (P) of the θ oscillations is coupled to the amplitude (A) of γ 
oscillations (30-120 Hz), termed PAC. The θ oscillations can be readily detected in local field 
potential (LFP) recordings, but there is no universal consensus about an objective threshold for 
their detection. We bilaterally recorded CA1 or dentate gyrus θ and γ oscillations (2048 Hz 
sampling) in adult mice freely moving in their home cages. Mice with ad libitum access to water 
and food, were kept on a 12:12 hours dark(D):light(L) cycle. Each 24 hrs, recordings were down-
sampled (DS) 32× and 8× for detection of θ and γ oscillations, respectively. Using Igor Pro, the 
DS traces were band-pass filtered with an FIR filter between 5-12 Hz for θ, and 30-120 Hz for γ 
oscillations. The RMS values of 8 s epochs (0.5 s overlaps) were obtained from the filtered 
recordings and all-point histograms of θRMS and γRMS values were plotted for 24 hr periods 
(separately for 12 hr L and 12 hr D). For both θ and γ, the histograms showed a bimodal 
distribution well fitted by two Gaussians. After testing various thresholds, the point of 
intersection between the two distributions proved to be most reliable for separating the RMS 
values belonging to the two Gaussians. Thus, θ and γ oscillatory epochs were identified when 
RMS values in the epochs were larger than this objective threshold. The presence or absence of θ 
or γ oscillations were registered in a binary file with “0” for no oscillations and “1” when 
oscillations were present. Thus, the recordings separately categorized during D and L periods 
into 4 different types: θ/γ, θ/Nγ, Nθ/γ, and Nθ/Nγ (“N” means “no”). We analyzed the FFT 
spectra of the 4 types of θ/γ combinations in 8 s epochs of the original recordings sampled at 



2048 Hz. Interestingly, peaks on FFTs in the γ range were found in both θ/γ and Nθ/γ types, but 
not in Nγ. In contrast, peaks in the θ range were only found in recordings where γ was present 
(θ/γ, and Nθ/γ). When a large θ power was not well delineated from power in neighboring 
frequencies (δ, and α/β) there was little γ activity. Therefore, a θ oscillation frequency that is 
clean from contaminations by neighboring frequencies, rather than its absolute amplitude, 
determines whether simultaneous γ oscillations will be present. Data will be presented on the 
PAC of P(θ):A(γ) for various θ/γ conditions during L and D cycles as well as the time-dependent 
alterations and duration of θ/γ epochs over days and weeks. 
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Abstract: Automatic spike clustering without human intervention is critically needed as single 
unit high channel count extracellular recording becomes increasingly available. To effectively 
process an overwhelming amount of data, a successful automatic spike sorting algorithm is 
expected to be 1) accurate in inferring spike-neuron lineage; 2) robust to data condition changes; 
3) computationally affordable; and 4) objective in outcomes. We propose a novel spike 
clustering method which aims at meeting the above expectations. The minimum message length 
(MML) is known to capture costs of fully-specified models in terms of model complexity and 
goodness of fit. It is therefore theoretically and practically considered to provide statistically 
consistent results and stably support models of different complexity. These properties are 
realized in our method according to the following principles: 1) an unnecessary cluster is 
unlabeled if it leads to minor change in total message length; and 2) the quality of fit term results 
in a sudden increase in total message length if a true cluster is unlabeled. Initialized to a greater-
than-the-true-number of clusters, our algorithm drives the model complexity through an 
agglomerative process. It infers the optimal number of clusters based on the first derivative of the 



total message length over cluster numbers. Parameter estimation is performed by a modified 
expectation-maximization (EM) algorithm based on MML for multivariate t-mixtures. 
Performance evaluation of the algorithm was conducted using simulated data from a known t-
distribution. Our method was 1) insensitive to inherent free parameters over a wide range of 
values; 2) able to infer the correct number of clusters despite data condition changes and model 
uncertainties. We also compared our algorithm with other popular automatic sorting methods: 
the t-distribution EM in Plexon’s Offline sorter, the Superparamagnetic Clustering in Wave Clus 
(Quiroga et al., 2004) and the robust variational Bayes (Takashi et al., 2012). Our method was 
performed truly automatic without human intervention while others were fine tuned for improved 
performance. Comparisons were made using artificial dataset from Wave Clus package, labeled 
real dataset from Buzsaki lab and our lab. Our algorithm outperformed all other methods because 
of the highest classification accuracy and lowest variances over 20 runs, even when subject to 
worsened SNR and increased similarity among clusters. For unlabeled real dataset from our lab, 
we evaluated sorting quality by spike statistics such as shape, firing rate and inter-spike-interval. 
Our algorithm was comparable to or more reasonable than other methods. 
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Abstract: Our recent results demonstrated that using wide-field imaging, we were able to 
capture the concurrent dynamic activity from hundreds to thousands of neurons over millimeters 
of brain tissue in behaving mice for an extended period of time. Our data showed that a large 
fraction of anatomically distinct hippocampal neurons responded to discrete environmental 
stimuli associated with classical conditioning, and that the observed temporal dynamics of 
transient calcium signals are sufficient for exploring certain spatiotemporal features of large 



neural networks. This advance in neurotechnology has provided new capabilities to the 
investigation of neural circuit function in systems neuroscience. Along with implementing this 
imaging technique is the problem associated with processing multi gigabytes of data after each 
recording session. Analyzing such expansive data sets that contain dynamic information of 
hundreds to thousands of neurons is an overwhelming task, which is nearly impossible by 
manual operation. 
We therefore developed a new, automatic procedure to segment and track single neurons for 
their dynamic behavior through each experimental session. First, a template image was 
formulated by filling up each pixel of the template with the maximum intensity value of that 
pixel throughout the whole session. Based on the distribution of pixel intensities in the template 
image, the initial threshold value was chosen within the long-tailed region of the resulting 
histogram. Next, this threshold value is refined in a feedback loop. The threshold value is applied 
to the template frame, and all resulting regions of interest are collected and collated. Based on 
the number of regions of interest that meet the predetermined cell area criteria, the threshold 
value is adjusted to maximize the cell count: a high threshold value will produce fewer 
segmented cells while a low threshold value will produce segmented cells that include parts of 
the background and whose cell areas are too large. We tested our automatic single neuron 
identification and tracking procedures on multiple datasets, and further validated by manual 
inspection with a subset of data sets. For the dataset that we validated using manual inspection, 
the algorithm produced no false positives, and the false negative results were due to either 
purposely removed overlapping cells or the lack of activity during the time window analyzed. 
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Title: Hippocampal EEG state-dependent cortical calcium dynamics 

Authors: *Y. SHINOHARA, H. HIRASE;  
RIKEN, Wako, Japan 

Abstract: Phase-locked synchronization between the hippocampus and cerebral cortex has been 
reported during working memory task and spatial navigation. However, the spatio-temporal 
dynamics of the hippocampus and wide cortical areas is largely unknown. Functional imaging 
methods such as PET and fMRI lack the temporal resolution to analyze synchronized neural 
activities between the hippocampus and various cortical areas. Owing to the large volume 
conductance, surface EEG recording cannot precisely identify the location of activity source. Our 
transgenic mouse line (G7NG817), which expresses the calcium indicator G-CaMP7 in 
astrocytes and the majority of excitatory neurons in the cortex, enables us to observe the 
temporal dynamics of cortical calcium in 30Hz-100Hz transcranially. Utilizing this mouse line as 
an experimental tool, we performed simultaneous recording of hippocampal EEGs and imaging 
of cortical calcium activities under urethane anesthesia. We found that the cortical calcium 
dynamics was closely correlated to hippocampal EEG status. Calcium activities observed during 
theta and non-theta states showed distinct spatial and temporal patterns. Cortical calcium level 
was higher in wide areas of the cortex during the theta state, and the temporal calcium 
fluctuation was relatively mild. During non-theta states, basal calcium level was lower, but larger 
cortical calcium elevations that spread over cortical areas co-occurred with hippocampal ripple 
oscillations. These cortical calcium transients were observed in various cortical areas such as 
visual, auditory and somatosensory cortex, and showed a distinct spreading pattern at each ripple 
event. This observation indicates a rapid and dynamical switching of synchronized activities 
between the cortex and hippocampus during non-theta states. 
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Title: Investigation of inter-areal communication through targeted electrophysiological 
recordings 
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Abstract: In order to understand neural communication between brain areas it is necessary to 
record activity from functionally connected populations. Here, we demonstrate how large-scale 
electrocorticographic (ECoG) recordings can be used to map functional properties of visual 
cortical areas and to target subsequent intracortical recordings. Local field potentials (LFPs) as 
well as multiunit activity (MUA) can be recorded from the surface of the cortex, enabling the 
functional characterization of underlying areas, e.g. the estimation of the local retinotopic map. 
This map can be used to guide the positioning of electrodes and optic fibers for targeted 
recordings and optogenetic stimulation, respectively. The application of multiple ECoG arrays to 
characterize distinct areas in a sensory hierarchy, enables targeted recording from functionally 
related populations. We show that our approach is applicable at different spatial scales and 
discuss how it could be extended to target injections of drugs or viral vectors and closed-loop 
feedback experiments in multiple species, including non-human primates. 
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Abstract: Wireless EEG systems are of interest for medical applications as well as scientific 
research, especially in the field of behavioral physiology. One major challenge for the long-term 
operation of telemetric EEG systems is the power supply, since battery and accumulator 
technology are not following Moore's law to date. In order to achieve miniaturized, energy 
autarkic EEG systems, we developed a wireless power supply with resonant coils. In contrast to 
inductive coupling, which is restricted to very short distances as well as precise alignment of the 
coils, resonant inductive coupling (also known as magnetic resonance) is useful as mid field 
power supply, bridging a space in the range of meters depending on the wavelength. 
Furthermore, resonant inductive coupling does only power coils which are resonant (defined by 



the oscillating circuit consisting of a coil and a capacitor). In contrast to inductive coupling 
without resonance, the power harvesting efficiency of small receiver coils is superior in the case 
of magnetic resonance. Therefore, our development is extremely useful for future energy 
autarkic neural implants with the need of strong miniaturization. Our receiver coil has a 
dimension of 8x15x1mm. The transmitter board has a dimension of 50x50 cm with one power 
coil and four resonant coils in which the power coil is supplied with up to 10 Watt. Alternating 
current sine wave frequency is 13,56 MHz (International Industrial, Scientific and Medical 
Band). It is possible to support several systems in parallel. 
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Abstract: Liquid crystal spatial light modulators (SLM) have become essential components in 
wavefront shaping for optical imaging and manipulation of the nervous system. For example, 
SLM-utilizing techniques such as adaptive optics have been successfully applied to achieve deep 
imaging of brain tissue with synaptic resolution, and holographic optical stimulation has been 
employed to perturb neuronal activities. 
However, in the setting of a typical neuroscience lab, technical hurdles to develop those tools 
remain daunting. We will present results from recent efforts to develop a LabVIEW-based open-
source software development kit (SDK) for adaptive optics and optogenetics, with the aim to 
promote the proliferation of new neurotechniques through the open science activities at Allen 
Institute for Brain Science. The SDK is fully compatible with both the Meadowlark Optics SLMs 
and the National Instruments hardware bundles for ScanImage 2015. The SDK will incorporate 
the SLM calibration routines, arbitrary beam steering and refocusing using SLM, hologram 
generation, and a method to measure wavefronts based on a multi-dither coherent optical 
adaptive technique. 



Different from other open-source software, we intended to provide functional units for each 
application suited for adaptation and further expansion by the users rather than a comprehensive 
solution for a particular application. 
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Abstract: Understanding how sensory signals drive behavior requires a combination of tools for 
interrogating brain function, including large-scale neuronal recordings, neural perturbations, and 
large-scale data analysis. Here we combine whole-brain imaging with online perturbation 
techniques to a) map the tuning of most neurons in the brain of larval zebrafish to behavioral and 
sensory variables, and b) perform targeted circuit perturbations to test functional roles of the 
identified populations. 
As a model of sensorimotor transformation, we use the optomotor response (OMR), in which 
larval zebrafish orient and swim along the direction of visual motion. Using regression analysis, 
we identify, on a brain-wide scale, populations of neurons whose activity correlates with 
swimming, visual input, or both. With online analysis during data collection, the whole-brain 
maps are then used as a guide for targeted cell ablations. Several motor-correlated bilateral 
groups of neurons in the hindbrain, when perturbed, showed strong and reproducible effects on 
the behavior. Ablating these cells caused a severe reduction in the dynamic range of swim power 
and swim duration during the OMR. Our method can also be applied with two-photon 
optogenetic stimulation instead of ablation. 
These methods, combined, establish a technique for perturbing brain activity based on whole-
brain functional mapping and large-scale online analysis. 
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Abstract: Optogenetics has revolutionized systems neuroscience by providing a tool to causally 
link distinct neurocircuit activity to behavior. In addition, advances in calcium indicators and 
imaging techniques have led to important discoveries on how various internal and external 
stimuli drive the activity of distinct neuronal populations.  Here, we introduce a miniaturized 
lightweight microscope that allows for simultaneous cellular-resolution imaging and optical 
manipulation within the same field of view in freely behaving mice.  This microscope contains a 
455 nm LED (EX-LED) for excitation of GCaMP and a 590 nm LED (OG-LED) for selective 
activation of red-shifted opsins. Both LEDs are housed within the microscope and are emitted 
through the imaging objective.  Paired with an implanted GRIN lens, this microscope allows for 
long-term, cortical and subcortical simultaneous brain imaging and optogenetic manipulation in 
freely-behaving mice.  We found that the red-shifted inhibitory opsins halorhodopsin (NpHR3.0) 
and Jaws, are minimally activated by the EX-LED in brain slices. In addition, although we 
observed significant depolarization of somas expressing the red-shifted excitatory opsin 
ChrimsonR with the EX-LED in brain slices, we observed minimal postsynaptic currents when 
stimulating terminals expressing ChrimsonR. Thus, we have demonstrated that it is feasible to 
pair imaging with somatic and terminal inhibition using NpHR3.0 and Jaws.  Furthermore, we 
have demonstrated that it is feasible to pair imaging with terminal stimulation using 
ChrimsonR.  We also found that GCaMP does not significantly respond to OG-LED stimulation 
in vivo. Finally, we demonstrate the feasibility of simultaneous optogenetic manipulation and 
calcium imaging in freely behaving mice.   
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Abstract: Multichromatic uncaging of intra- or extracellular signaling molecules is a powerful 
means to study neuronal physiology. The greatest challenge of multicolor actuation is to 
minimize excitation crosstalk, allowing activation of a short wavelength absorbing chromophore 
without activation of its long wavelength counterpart and vice versa. 
The majority of caging chromophores show maximum absorbance at short wavelengths (in the 
UV range), while exhibiting no to very low absorbance at longer wavelengths. In contrast, 
designing suitable partner chromophores that absorb at longer wavelengths with minimal 
absorbance in the short wavelength range has proven to be much more challenging. 
The aim of our current work was to develop a pair of caging chromophores suitable for dual-
color one photon (1P) uncaging with minimal optical crosstalk. Our lab recently synthesized the 
caging chromophore “DEAC450” which shows maximum absorbance at 450 nm. By modifying 
its structure, we were able to significantly reduce its UV light absorbance making it a promising 
candidate for dual-color 1P uncaging. 
We attached this new caging chromophore to the neurotransmitter GABA and co-applied it with 
the short wavelength caged compound dcPNPP-glutamate to CA1 pyramidal neurons of acute 



brain slices. Brief full-field illumination with UV light (375 nm, LED) elicited single or multiple 
action potentials. If this stimulus was preceded by illumination with longer wavelength light (470 
nm), the action potentials were reversibly blocked. Detailed analysis irradiating both compounds 
with varying power and duration at both wavelengths, demonstrated that the power window for 
crosstalk is virtually infinite at powers used to evoke physiological signals. As a result of the 
high uncaging efficiency of these molecules, we were able to apply them at very low 
concentrations, significantly reducing the antagonism of both compounds against GABAA 
receptors. Another advantage of the high uncaging efficiency and the LED full-field illumination 
used was that UV-uncaging showed little to no cytotoxicity even after many (>100) uncaging 
pulses. 
In summary, we were able to develop a long wavelength caging chromophore that shows so little 
absorption of short wavelength light that 1P/1P uncaging is possible with zero optical crosstalk. 
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Abstract: Understanding the operating principles of the cortex is critical to understand the 
mechanisms by which neural circuits enable perception and behavior, and to understand how 
these mechanisms go awry in diseases of the nervous system, such as in epilepsy and autism. 
Optogenetic tools have progressed to enable neuroscientists to directly manipulate neuronal 
networks with high temporal resolution, opening a new avenue by which to unravel the 
underlying mechanisms of neural systems by stimulating neurons with light. 
My colleagues and I previously developed an optical projection system, called “ProjectorScope 
1”, which can play “movies” to the brain surface in intact animals to optogenetically activate 



different cortical areas in space and time in order to dissect the role of individual circuit 
components in neural computation. Recently, we have made several improvements to the optical 
system and updated a new version, “ProjectorScope 2”, which will further let us perform brain 
surface imaging to identify functional brain areas, e.g. orientation columns of ferret visual 
cortex, and subsequently activate these local areas with spatiotemporal control in intact animals 
that express optogenetic channels. 
The new optical system includes a commercial projector that functions as an image generator, 
and a custom made single-reflex lens connector that replaces the native projection lens and so 
receives light directly from the projector’s inside prism. This helps to eliminate the misalignment 
between the projector and the external lenses and thus greatly reduce the optical aberrations. 
Two juxtaposed achromatic lenses of 30 mm focal length are in place to further minify the image 
so that the size of the projection area, approximately 4 mm by 4mm, matches the size of the brain 
surface imaging area. Four identical single-reflex lenses are used in the system to achieve 
parfocality between the imaging camera and the projector. These adjustments grant 
ProjectorScope 2 the capabilities of simultaneous projection and imaging. The system can 
provide 8-11 mW/mm^2 power on the brain surface from a single blue channel that will be 
sufficient to activate channelrhodopsin-2 channels. 
Preliminary results have shown that this system is able to perform brain surface imaging to 
identify orientation columns of ferret visual cortex and project image masks to subsequently 
target any patterns of columns. We will use ProjectorScope 2 to assay cortical circuit 
mechanisms to understand how multiple cortical inputs influence receptive field properties by 
directly activating local functional areas of the cortex in vivo. 
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Abstract: In recent years, the application of light to modulate neural activity has revolutionized 
the progression of modern neuroscience research. Infrared neural stimulation (INS), which uses 
low-energy pulsed infrared light to evoke biochemical and electrical neural responses, is gaining 
traction as a spatially-selective, artifact-free method of exciting neural activity without genetic 
modification or introduction of exogenous substances. Current research into the fundamental 
mechanisms of INS points to a variety of physical and chemical changes that result from a 
transient local temperature change in irradiated tissue. Despite investigation, the underlying 
biophysical principles for infrared excitability have yet to be fully elucidated. In efforts to probe 
these mechanisms, our group has developed a novel microscope that is capable of obtaining 
label-free, chemically-selective images coregistered with thermal profiles in real time. The 
microscope combines nonlinear imaging capabilities- including Coherent Anti-Stokes Raman 
Scattering (CARS), Stimulated Raman Scattering (SRS), Two-Photon Fluorescence (2P), Second 
Harmonic Generation (SHG)- with real-time temperature distributions through thermal 
microscopy. CARS and SRS provide a means of real-time, label-free contrast by means of 
intrinsic, Raman-active vibrational modes present in a particular sample. Two-Photon and SHG 
imaging allow for label-free probing of cytoarchitecture and metabolic activity alongside 
standard labelling of physiological dynamics. Coregistration of thermal images with nonlinear 
imaging provides a unique, real-time perspective of the complex molecular processes during 
INS. Here we demonstrate the ability of our multimodal microscope to image neural tissue and 
elucidate molecular changes at the cellular level to provide further insight towards the 
biophysical mechanisms of INS. Comparison of stimulation paradigms are compared to electrical 
stimulation. More broadly, we demonstrate the power of applying multimodal, nonlinear, label-
free imaging techniques towards neuroscience research to provide unique insight into cellular 
details and to visualize the dynamics of physiological processes in real time. 
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Abstract: Electrical stimulation of the nervous system is an invaluable tool for studies in basic 
science and as an effective therapeutic in cochlear implant and deep brain stimulators. However, 
use of electrical stimulation is hindered by its propensity for non-specific activation and adverse 
electro-chemical reactions in neural tissue. Infrared Neural Stimulation (INS) is a relatively new 
stimulation paradigm which utilizes infrared irradiation in the near infrared range (700-2000nm 
typically) to evoke excitatory responses in neurons and nerves with higher spatial specificity than 
electrical stimulation (Izzo et al, 2007) and mitigation of adverse electro-chemical reactions. INS 
has been applied to diverse areas of the nervous system including sciatic (Wells et al, 2005), 
auditory nerves (Izzo et al, 2006), and thalamocortical circuits (Cayce et al, 2010) in the central 
nervous system. Despite these studies, the mechanisms of INS are still not well understood. 
Furthermore, previous studies were limited in that only single wavelengths at fixed lasing power 
levels were utilized. In this study, we explore the role of wavelength and power levels in infrared 
excitation of the rat sciatic nerve and compare these responses to those elicited by electrical 
stimulation. We found that INS stimulation in the 700-900 nm range, especially at 800 nm, 
consistently evoked short-latency compound nerve action potentials (CNAP) using very low 
powers (~10 mW). Additionally, CNAP amplitudes were dependent on laser wavelength and 
power level, but not energy alone. CNAP amplitude and width were increased by application of 
the voltage-dependent potassium channel blocker 4-AP and further tests will outline the cellular 
requirements to evoke the INS-induced CAPs. Concurrently, we explore the ionic basis of INS 
by selectively blocking sodium, potassium, or TRPV4 channels. Given that INS is wavelength 
and power level dependent while remaining artifact free, INS laser stimulation parameters can be 
fine-tuned for a wide variety of basic science and therapeutic applications. 
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Abstract: Manipulation of cells with light has become a powerful and widely used tool in 
neuroscience. For this approach to reach its full potential, two conditions need to be met: the 
precise spatial and temporal control of light delivery inside the sample, and the availability of 
light-controllable molecules that can modify crucial cellular and neuronal functions. 
We present a novel holographic illumination system that can be coupled to existing microscopes 
(e.g. two-photon microscopes) which provides high resolution control for photomanipulation 
experiments. The system is optimized for two-photon excitation to improve axial confinement of 
the excitation patterns as well as tissue penetration. 4d light patterns (x,y,z,t) can be defined by 
the user based on fluorescence images of the sample. 
In addition to a technical characterization of the system we present biological applications of the 
illumination module using various types of light-sensitive molecules, including caged 
compounds, photo-switchable ligands of neuronal receptors and optogenetics molecules. 
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Abstract: Genetically encoded calcium indicators and optogenetic actuators are powerful tools 
to explore the functional organization of neural circuits. To fully exploit these tools we need a 
technology that allows fast optical readout of neuronal signals and simultaneous manipulation of 
network function. However, combing high-speed imaging and optogenetic perturbation 
simultaneously has been difficult to establish in the mammalian brain because of the poor signal-
to-noise ratio that characterizes fast functional imaging and because of potential cross-talk 
between the different wavelengths that are used for imaging and for optogenetic stimulation. 
Here, we developed a technique based on patterned two-photon illumination that allows fast (up 
to 1 kHz) imaging of GCaMP6 signals in vivo while manipulating circuit activity with single-
photon optogenetic inhibition of Archaerhodopsin (Arch). By combining imaging and 
electrophysiological recordings in vivo, we found that in the scanless configuration single and 
short trains of action potentials in layer II/III pyramidal neurons could be detected with 
millisecond precision and improved signal-to-noise ratio compared to the raster scanning 
approach. Moreover, the artifacts in the fluorescence detection due to single-photon optogenetic 
illumination were removed in the scanless configuration. As proof of concept, we applied our 
technique to study the role of parvalbumin-positive (PV) interneurons in the control of 
spontaneous cortical dynamics. By allowing the readout of the effect of the optogenetic 
manipulation on neuronal network with unprecedented spatial and temporal resolution in vivo, 
simultaneous high-speed imaging and optogenetics can strongly advance our knowledge of the 
functional organization of mammalian neural circuits. 
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Abstract: Classical analysis of peripheral nerve activity focuses on changes in the compound 
action potential (CAP). Most studies use the CAP to study motor signals. Some nerves, such as 
the vagus, contain both motor and sensory axons. We have recently focused on the use of 
infrared (IR) laser light to block activity in peripheral neuron sub-populations (Jenkins et al. at 
this meeting). It is imperative to analyze CAPs with a method that can quantify changes, 
including shifts, in the signal’s sub-components. Common analysis techniques filter the signal, 
remove stimulation artifacts, and quantify changes in amplitude, rectified area under the curve, 
or frequency spectrum. These methods are insensitive to changes in individual CAP features, 
which are a result of activity changes in axons with differing conduction velocities (indicative of 
different diameters). In addition, with repeated stimulation, it is often observed that components 
of the CAP may shift relative to one another. To the best of our knowledge, current tools do not 
identify CAP features, track those changing features, and identify feature inhibition. Here we 
present a novel algorithm, implemented in MATLAB, with these capabilities. To test our code, 
suction electrode recordings from pleural-abdominal nerve in Aplysia californica were acquired. 
CAPs were induced electrically for 37.5 seconds at 4 Hz (150 traces per recording), and features 
within each CAP were inhibited using a pulsed IR laser (1875nm, 400µm diameter optical fiber, 
200Hz pulse frequency, 200µs pulse width, 15 sec duration). Radiant exposures at the fiber 
output ranged from 123 to 286 mJ/cm2/pulse to achieve varying degrees of inhibition. First, 
features (peaks and troughs) were identified in a baseline trace. Features are extracted using the 
following steps: 1) the signal was smoothed to reduce noise; 2) derivative values were calculated 
from the slope of a linear fit to a sliding window, reducing the susceptibility to high frequency 
noise; 3) derivative values were analyzed for sign to identify peaks and troughs; 4) points were 
only kept if the differences between both neighboring features was above threshold. Extracted 
features were then tracked through all subsequent traces in the recording using MATLAB’s 
template matching algorithm (Computer Vision System toolbox) to identify features common to 
all traces. This algorithm is designed to quantify both feature shift and inhibition, comparing 
baseline and treatment traces to identify inhibited features. Understanding which features are 
inhibited will help users identify affected populations of neurons and help further guide the 
application of targeted inhibition. 
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Abstract: Elevated temperatures are known to inhibit generation and propagation of nerve action 
potentials in myelinated and unmyelinated nerves. For example, it has been shown that infrared 
lasers (1.87 µm) that heat the tissue due to water absorption can be used to block action potential 
propagation in Aplysia and in the rat sciatic nerve. A comprehensive computational model will 
be helpful in deciphering the biophysical mechanisms responsible for infrared block and 
optimizing parameter space to deliver more efficient/safe block for a variety of different tissues 
and geometries. We present a computational model that predicts the behavior of an unmyelinated 
nerve axon, the squid giant axon, that is subjected to elevated temperatures. The computational 
model was created in NEURON and can be combined with a time-dependent temperature 
distribution from any heat source. The elevated temperatures used are in the form of spatial and 
temporal distributions such as those produced during infrared laser heating. Model validation 
was performed by comparing the effects of change in temperature predicted by the 
computational model with the published experimental observations in squid giant axon. In 
response to stimulating currents, regions of elevated temperatures in the squid giant axon show 
an increase in potassium current that lead to a hyperpolarization of the axon. This depolarization-
induced hyperpolarization of the axon may be a significant mechanism for blocking of action 
potentials at elevated temperatures. Since the standard Hodgkin-Huxley model does not take into 
account the effects of peri-axonal potassium accumulation or the Na-K pump, we are also 
exploring their effects on the phenomenon of infrared laser induced thermal inhibition. This 
model provides us a platform for the preliminary design of a neural interface for selective nerve 
inhibition that may be used in higher animals, and eventually in humans for chronic pain 
management. 
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Abstract: Controlling subpopulations of unmyelinated axons within peripheral nerves would 
make it possible to treat a very wide variety of clinical syndromes. Within the last few years, 
implanted neural devices have been developed to control peripheral nerve activity. Infrared (IR) 
light has recently been described as a promising modality for control of neural activity. Previous 
studies have shown that brief pulses of IR can induce excitation of neurons. Recent studies have 
shown that IR can inhibit neurons with high spatial specificity. We found that IR light can block 
nerves with axonal subpopulation selectivity, where smaller diameter axons with slower 
conduction velocities are more sensitive to the effect of the IR light and are therefore more 
readily blocked by light than larger diameter axons with faster conduction velocities. 
To evaluate infrared settings that can effectively block compound action potentials in an 
unmyelinated nerve, we used Aplysia pleural-abdominal connectives to establish reliability and 
repeatability of block. We hypothesized that the block will progress through the following 
events: selective block of smaller-diameter axons, complete block of both small and large-
diameter axons with immediate reversibility, and complete block exhibiting irreversibility. 
We found that we could rapidly, repeatedly and reversibly inhibit action potential propagation in 
the slower conducting smaller axons before inhibiting the faster conducting larger axons. At the 
highest radiant exposure used in these experiments, the shortest delay between the onset of 



infrared and partial block of the smaller axons was within 1 second. This delay became longer as 
we decreased the laser radiant exposure. We also found that it was possible to reversibly block 
either selectively (only small-diameter, slow-conducting axons) or completely (both slow-
conducting and fast-conducting axons) for a prolonged period of time, up to 5 hours. 
These results suggest that IR light might be a clinically relevant technique to block unmyelinated 
C fibers selectively, reversibly and for an extended period of time. In future studies, it may be 
possible to establish whether this could serve as a novel treatment for significant clinical 
challenges such as chronic pain. 
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Abstract: Modulation of peripheral sensory nerve signaling is being investigated as a novel 
treatment for a variety of diseases (e.g., rheumatoid arthritis, pain, obesity, hypertension). 
Electrical excitation or inhibition of nerve activity is the established approach, but there is a 
substantial interest in developing techniques to produce greater selectivity in modulating nerve 
function by targeting specific subpopulations of nerve fibers. Recently, our group demonstrated 



that pulsed infrared (IR) light (1860 nm, 200 Hz pulse frequency, 200 µs pulse width) can inhibit 
peripheral nerve activity with high spatial and temporal specificity. Here, we provide evidence 
that IR can selectively and reversibly inhibit small-diameter axons at lower radiant exposures 
than large-diameter axons. We present a mathematical analysis of the cable equation that reveals 
that modulation techniques primarily affecting the axon surface would preferentially control 
small-diameter fibers. To validate our mathematical theory, we experimentally demonstrated the 
effect of infrared light applied to identified neurons of the marine mollusk Aplysia californica 
and in axons within the vagus nerve of the musk shrew. The Aplysia model allowed us to directly 
compare the axonal responses to IR light of two identified neurons (B3 and B43), which have a 
large and small diameter axon, respectively. IR light consistently blocked B43 at lower radiant 
exposures (0.0967 J/cm2 versus 0.131 J/cm2) than B3 (N=5). We utilized an in vitro and in vivo 
Suncus murinus (musk shrew) model to demonstrate selective block in whole vertebrate nerves 
and small fiber bundles. Again, IR light consistently blocked slow-conducting compound action 
potentials (CAPs), which correspond to the small-diameter fibers, before blocking faster CAPs 
(N=3 in vitro prep, N=3 in vivo prep). Radiant exposures as low as 0.038 J/cm2/pulse blocked 
small-diameter fibers. The ability of IR laser to selectively, rapidly, and reversibly control the 
signaling of small-diameter axons has a large number of applications, including its use as a 
research tool to investigate the mechanisms of neural circuits and for the treatment of disease. 
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Research/Research Grant (principal investigator for a drug study, collaborator or consultant and 
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Title: Gradient index lens implant does not affect behavioral tests and has minimal localized 
tissue reaction 
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R. TONG3, F. G. SZELE3, S. VILLALBA4, E. GLASSCOCK4;  
1Biomed. Engin., 2Dept. of Mathematics and Statistics, Louisiana Tech. Univ., Ruston, LA; 
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Abstract: In vivo brain imaging in rodent models using multiphoton microscopy (MPM) has 
greatly enhanced our understanding of the brain. Yet, MPM has depth limitations that generally 
restricts imaging to a few hundred microns below the pial surface. Implantation of gradient index 
lenses, or GRIN lenses, has greatly extended the imaging depth to lower cortical layers and even 
subcortical regions of the mouse brain. Using GRIN lenses, researchers can now visualize 
dynamic activities, such as Ca2+ signaling, with fine spatiotemporal resolution. Moreover, they 
can conduct repeated imaging over weeks and months. This presents an opportunity to conduct 
behavioral tests to correlate performance with changes in network dynamics and cellular 
structure. Thus, it is critical to know if and how an implanted GRIN lens might affect behavioral 
test performance. Additionally, it is important to know if the glial scar, which forms around all 
neural implants, would appear in the tissue being imaged. 
To determine the effects of implantation on behavior and imaging, a GRIN lens was implanted in 
the prefrontal cortex (PFC) of experimental mice, using a minimally invasive surgical technique, 
and behavioral tests were performed over a seven-week period (three presurgical and five 
postsurgical sets). Behavioral tests included foot fault, rotarod, and Morris water maze tests. 
No significant differences were detected between the performance of experimental mice and 
mice that had either a craniectomy with a cranial window or a sham surgery. Additionally, the 
46-micron mean thickness of the glial scar at the bottom of the lens was much thinner than the 
125-micron working distance of the lens, which means that scar tissue did not appear in the 
imaging region. Thus, GRIN lenses can be used for longitudinal imaging in the PFC, and 
possibly other brain regions, with concurrent behavioral tests in mice as long as the working 
distance of the GRIN lens exceeds the thickness of the scar and a minimally invasive surgical 
technique is used. 
Reference: SA Lee, et al. (2016) Gradient index microlens implanted in prefrontal cortex of 
mouse does not affect behavioral test performance over time. PLOS ONE 11(1): e0146533. 22 
Jan., 2016. 
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Abstract: T-817MA is an orally available agent, which is in the phase 2 clinical trial for 
Alzheimer’s disease (AD) in the US and Japan. We previously reported that T-817MA recovered 
cognitive impairment in an AD animal model (Kimura et al., SfN 2006). T-817MA demonstrated 
a neuroprotective activity against the toxicity induced by amyloid β or oxidative stress such as 
sodium nitroprusside (SNP). T-817MA promoted neurite outgrowth in reaggregation culture of 
rat cortical neurons. T-817MA bound to Sigma-1 (σ1) receptor (Ki = 16 nM), which is 
reportedly involved in oxidative stress resistance and neuritogenesis. σ1 antagonists abrogated 
efficacy of T-817MA. We hypothesize that T-817MA may exert its pharmacological activity as a 
σ1 agonist. To compare pharmacological profiles of T-817MA and known σ1 agonists, (+)-
pentazocine (Ki = 4.59 nM (Skuza et al., 2003)) and donepezil (Ki = 14.6 nM (Kato et.al., 
1999)), neuroprotection assay was undertaken using cultured cortical neurons of rat embryos. T-
817MA and (+)-pentazocine showed neuroprotection against SNP-induced cell death (EC50 of 5 
nM and 500 nM in this study, respectively). Donepezil had no neuroprotection against SNP-
induced cell death. In conclusion, T-817MA has potent neuroprotective activity, while other σ1 
receptor agonists tested have weak or no activity. 
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Title: Mechanism of PAMAM dendrimers internalization in hippocampal neurons 
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Abstract: PAMAM dendrimers are hyperbranched macromolecules which have been described 
as one of the most promising drug nanocarrier systems. A key process to understand is their 
cellular internalization mechanism because of its direct influence on their intracellular 
distribution, association to organelles, entry kinetics, and cargo release. Despite that these 
mechanisms have been studied in different cell types, in the case of neurons they are not 
completely described. Considering the relevance of central nervous system (CNS) diseases and 
neuropharmacology, the aim of this report is to describe the molecular internalization mechanism 
of different PAMAM dendrimers-based nanocarrier systems in hippocampal neurons. Four 
dendrimers with different surface properties were studied: G4 with a positive charged surface, 
PP50 with polyethyleneglycol neutral groups, PAc with acrylate anionic groups and PFO with 
folic acid molecules. Confocal images show that both G4 and PFO are able to enter the neurons, 
but not PP50 and PAc. Colocalization study with specific endocytosis markers and specific 
endocytosis inhibitors assay demonstrate that clathrin-mediated endocytosis would be the main 
internalization mechanism for G4, whereas clathrin and caveolae-mediated endocytosis would be 
implicated in PFO internalization. These results show the existence of different internalization 
mechanisms for PAMAM dendrimers in hippocampal neurons, which opens the possibility to 
specifically direct them to particular applications and intracellular targets. 

Disclosures:  F. Vidal: None. P. Vásquez: None. C. Díaz: None. D. Nova: None. J. Alderete: 
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Title: P-glycoprotein (Abcb1a/Mdr1a) limits brain exposure to anti-cancer drug candidate R-
roscovitine/seliciclib 
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Abstract: Background: Seliciclib (R-Roscovitine) a cyclin -dependent kinase inhibitor, is a 
promising drug candidate to treat a variety of cancer. R-roscovitine has displayed activity against 
non-small cell lung-, colon-, breast- and prostate cancer in cell lines. Recently revealed its high 
activity in patients with chronic lymphatic leukemia or nasopharyngeal carcinoma. 
Pharmacokinetic studies have shown its high oral bioavailability but limited brain exposure. 
Rajnai and coworkers reported that seliciclib is a high affinity, selective P-gp substrate in vitro in 
ATPase assay, vesicular transport assay, Hoechst assay, calcein assay and MDCKII-MDR1 
monolayer. This interaction is likely to affect its disposition. Objective: The aim of our study 
was to confirm the in vitro findings in vivo by the investigation of the effect of a specific P-gp 
inhibitor (PSC-833) on the brain distribution of R-roscovitine in anesthetized and freely moving 
mice. For making in vivo-in vitro (IVIV) correlation a mouse Mdr1a expressing LLC-PK1 
monolayer cell line was also applied. Methods: To investigate the brain exposure of R-
roscovitine dual-probe microdialysis technique was applied in anesthetized and singe-probe 
microdialysis in freely moving mice. R-roscovitine was administered in a dose of 50 mg/kg i.p. 
and either vehicle (control group) or PSC-833 (10 mg/kg i.p.) was applied as a pretreatment. 
Concentration-time profiles were determined in the blood and in the brain and AUCbrain/AUCblood 
was calculated. For IVIV correlation seliciblib alone or LY335979 +seliciclib in combination 
were tested in LLC-PK1-mock and LLC-PK1-mMdr1a monolayers. Results: The brain 
concentrations of seliciclib increased in a statistically significant manner after co-administration 
with the P-gp inhibitor in anesthetized mice. The AUCbrain values changed from 131 to 327 
pmol/mL h (p<0.05 by Student t-test compared to the control). In awake animals the AUC value 
changed from 136 to 242 pmol/mL h in the presence of PSC-833. In the mMdr1a transfected 
LLC-PK1 monolayer the efflux ratio of seliciclib transport changed from 6 to 1 after incubation 
with the specific inhibitor LY335979. Conclusion: Our results indicate that brain penetration of 
seliciclib is regulated by the efflux transporter P-gp in vivo in accordance with the previous in 



vitro observations and our IVIV correlation study. The coadministration of seliciclib with a 
transporter inhibitor may offer a new opportunity for the drug delivery through the blood-brain 
barrier in case of the treatment of cerebral malignancies. 
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Authors: *A. E. BUSTION;  
Impel Neuropharma, Seattle, WA 

Abstract: Oxytocin (OXT) is a nine amino acid neuromodulatory peptide hormone synthesized 
in the CNS and in the periphery. Endogenous OXT plays a major role in relationship formation 
and social function of animals and humans. Hence, exogenous OXT holds potential therapeutic 
use for disorders that negatively affect social interaction, such as anxiety and schizophrenia. The 
possible benefits are complicated, however, by OXT’s short half-life, metabolic instability, and 
poor transport across the blood-brain-barrier (BBB). Intranasal (IN) delivery of OXT as a means 
of bypassing the BBB has been explored both clinically and preclinically, but this is the first 
time, to our knowledge, that the ability to deliver exogenous IN OXT to different brain regions 
has been quantified. In the first portion of this study, wildtype C57BL/6 adult mice were dosed 
with 10 µL (1.2 µg/µL) of radiolabeled OXT (125I-OXT, 2200 Ci/mmol) via the mouse precision 
olfactory delivery (mPOD) device (Impel NeuroPharma). The pharmacokinetics (PK) and 
biodistribution of exogenous OXT were assessed at 15, 30, 45, 60 and 90 minutes. In this study, 
the olfactory bulb exhibited significantly higher concentrations of 125I-OXT compared to other 
brain regions, indicative of direct nose-to-brain transport along olfactory nerve pathways. Also, 
the brainstem presented higher peak concentrations than any non-olfactory brain region, 
suggestive of transport to the CNS along trigeminal nerve pathways. At the cortex and 
diencephalon Tmax (30 min), a low pH (pH 4.65) OXT formulation and varying dose levels (0.1 
µg/µL, 0.5 µg/µL, and 2.4 µg/µL) were studied to determine the pH sensitivity, linearity, and 
saturation of absorption of IN OXT. The results showed that OXT absorbs well across the nasal 
epithelium with no signs of pH sensitivity or saturation of absorption. The dose ranging 
experiment showed that lower doses result in lower brain levels of OXT, but at a slightly lower 



concentration than would be expected if tissue uptake was linearly correlated to the amount of 
dose administered. This may be due to non-specific binding in the nasal cavity, or to metabolism 
reducing the rate of uptake at decreased concentrations. In all, this study shows that IN delivered 
OXT results in nose-to-brain transport and that saturation of uptake is not observed at the dose 
levels examined. 
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Abstract: Drug delivery systems aim to circumvent the difficult process of novel drug discovery 
by modifying the in vivo activity of known compounds. Zirconium phosphate (ZrP) 
nanoparticles have shown to be a viable non-cytotoxic platform for the delivery of several drugs 
including carbamazepine (CBZ). Given the potential medicinal use of ZrP, we test the effects of 
peroral ZrP administration on Drosophila melanogaster (D. mel) sleep behavior, establish a lethal 
dose for future experimentation using this combination, and address whether these behavioral 
effects can be reversed and mortality reduced by discontinuing regimens. We also present studies 
administering CBZ, a drug known to deprive sleep in D. mel, and CBZ delivered via the ZrP 
system. To achieve this, ZrP nanoparticles were synthesized from zirconium (IV) chloride and 
phosphoric acid and assayed using powder X-ray diffraction. For the intercalation of CBZ in the 
ZrP nanoparticles, stoichiometric amounts of CBZ were added and monitored intercalation by 
UV-Vis spectroscopy, monitoring total loading efficiency by thermogravimetric methods. ZrP 
nanoparticles were then suspended in fly food in concentrations of 0.00 mg/mL, 0.25 mg/mL, 
2.50 mg/mL and 25.00 mg/mL, while the CBZ-ZrP was loaded at 1mg/mL and CBZ alone was 



administered at 1mg/mL as well. The sleep patterns of wild type Oregon R (OreR) flies were 
assayed under standard Light/Dark (LD) cycles. Assayed flies had continuous access to food 
stocks for 1 week before exchanging stocks with new ones containing either the same ZrP 
concentrations or switching their stocks to new food without ZrP, except for CBZ-ZrP and CBZ 
treatments. After acquiring two weeks’ worth of sleep behavior data, analyses were run using 
MatLab, Prism, and JMP computer software. From these studies, we report that concentrations of 
up to 2.50 mg/mL were safe in terms of mortality rate. However, in terms of sleep behavior, we 
observed alterations suggesting that sleep is a more sensitive measure of toxicity. Non-
continuous treatment reversed sleep behavior phenotypes in some cases and reduced mortality 
for some groups. Even though CBZ administration followed previously reported patterns, CBZ-
ZrP revealed inconsistent behavior needing further investigation. In conclusion, further studies 
are needed; however lower ZrP concentrations seem to be a promising alternative for the 
development of new drug delivery strategies, although biodistribution studies are of utmost 
importance before moving to next steps. 
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Abstract: T-817MA (1-{3-[2-(1-benzothiophen-5-yl)ethoxy]propyl}azetidin-3-ol maleate), was 
discovered by Toyama Chemical Co., Ltd. and has been developed as a therapeutic agent for 
Alzheimer’s disease in Phase II clinical study. We previously demonstrated that T-817MA 
exerted neuroprotective effects against neurotoxicity induced by amyloid β (Aβ) and H2O2, and 
promoted neurite outgrowth in the primary culture of rat neurons (Yamaguchi et al., SfN 2003). 
Oral T-817MA ameliorated cognitive dysfunctions in the rat intracerebroventricularly infused 
with Aβ peptide (Kimura et al., SfN 2006). In the present study, we investigated the effect of T-
817MA on cognitive dysfunction in the Tg2576 mouse. Tg2576 mice showed progressively 
impaired cognition in Y-maze test at 14 months of ages, while normal cognition at 5 months. T-



817MA was administered in drinking water at 0.21 and 0.7 mg/mL, corresponding to clinical 
doses of 112 mg and 224 mg respectively, from 4 to 14 months for the prophylactic treatment. T-
817MA in drinking water at 0.7 mg/mL (corresponding to 224 mg) was dosed from 15 to 18 
months of ages for therapeutic treatment. In both prophylactic and therapeutic treatments, T-
817MA significantly improved memory and cognitive deficits in Y-maze and novel object 
recognition tests. T-817MA did not change Tris-soluble and insoluble Aβ levels in the brain in 
all T-817MA dose groups. These results suggest that T-817MA exerts improving effects on 
cognitive performance without modulating Aβ contents in the Tg2576 mouse. 
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Title: Validation of 6-[18F]fluorodopa PET measures 
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Abstract: Objective: 6-[18F]fluorodopa (FD), an analog of L-DOPA (L-
dihydroxyphenylalanine), is a positron emission tomography (PET) tracer used to evaluate 



striatal presynaptic dopaminergic function in neurodegenerative diseases, e.g. Parkinson disease 
(PD). Specific regional brain uptake radioactivity reflects conversion of FD by L-aromatic amino 
acid decarboxylase (AADC) into18F-dopamine and retention of this and further metabolites. 
However, direct comparison of PET-measured in vivo regional uptake with local in vitro AADC 
activity has not been done. The purpose of this study is to attempt such validation. Methods: 
Fourteen macaques had baseline MRI and PET using FD, [11C]dihydrotetrabenazine (DTBZ), 
and 2beta-[11C]carbomethoxy-3beta-(4-fluorophenyl)tropane (CFT), then received unilateral 
intracarotid MPTP. After several weeks, PETs were repeated. The animals were euthanized at 
different time points for measurements of striatal AADC enzymatic activities, dopamine 
concentration. The influx constant (Kocc) for FD and non-displaceable binding potential (BPND) 
for CFT and DTBZ were calculated for caudate and putamen using an occipital reference region. 
The AADC enzymatic activity was measured using an enzymatic assay with L-DOPA as 
substrate using HPLC. Results: For all 14 monkeys, the FD Kocc strongly correlates with the 
AADC enzymatic activity in the left caudate (Spearman's correlation rs = 0.80, p = 0.001, n = 
14), ratio of right to left caudate (rs = 0.75, p = 0.002, n = 14), and ratio of right to left putamen 
(rs = 0.66, p = 0.01, n = 14). FD Kocc correlates with CFT BPND in the left caudate (rs = 0.59, p = 
0.06, n = 11), right putamen (rs = 0.67, p = 0.03, n = 10), ratio of right to left putamen (rs = 0.70, 
p = 0.01, n = 13). AADC enzymatic activity correlates with CFT BPND in left caudate (rs = 0.65, 
p = 0.02, n = 12), ratio of right to left caudate (rs = 0.73, p = 0.005, n = 13), right putamen (rs = 
0.67, p = 0.03, n = 10), ratio of right to left putamen (rs = 0.83, p = 0.00, n = 12). FD Kocc 
correlates with DTBZ BPND in the ratio of right to left caudate (rs = 0.82, p = 0.0001, n = 10), 
ratio of right to left putamen (rs = 0.79, p = 0.0002, n = 13). AADC enzymatic activity correlates 
with DTBZ BPND in the ratio of right to left caudate (rs = 0.69, p = 0.01, n = 13), ratio of right to 
left putamen (rs = 0.76, p = 0.0001, n = 12). Conclusions: Taken together these results show that 
in vivo measured striatal FD Kocc reflects in vitro measured striatal AADC activity. Since striatal 
uptake of CFT and DTBZ correlate with striatal FD uptake, all of these PET measures reflect in 
vitro AADC activity. These findings play a critical role in interpretation of clinical studies using 
FD PET. 
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Title: A new method for detection of region- and enzyme-specific bioconversion of 
neuropeptides by combining In situ histochemistry and MALDI imaging mass spectrometry. 
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Abstract: Region-specific expression of proteolytic enzymes controls the biological activity of 
endogenous neuropeptides and has recently been targeted for the development of novel drugs, for 
example in neuropathic pain, depression, and for L-DOPA-induced dyskinesia in Parkinson’s 
disease. Rapid and sensitive analytical methods to profile modulators of enzymatic activity are 
important for finding effective inhibitors with high therapeutic value. 
Here we combined in situ histochemistry with MALDI imaging mass spectrometry and 
demonstrate that this is a highly sensitive method for analysis of brain-area specific neuropeptide 
conversion of synthetic neuropeptides, and for selection of peptidase inhibitors that differentially 
target conversion enzymes at specific anatomical sites. 
Dynorphin B (DynB) was used as model neuropeptide and effects of peptidase inhibitors applied 
to brain tissue sections were analyzed. Synthetic DynB (2pmol) was found to be converted to 
both N-terminal and C-terminal fragments. Several specific and non-specific inhibitors were 
tested, some of which completely blocked conversion of fragments at 20 attomols on target. We 
also show dose-dependent inhibition of bioconversion and strain-specific differences in the 
bioconversion of DynB. 
Bioconversion of synthetic DynB was region-specific, producing DynB(1-7) in the cortex and 
DynB(2-13) in the striatum. Both phosphoramidon (inhibitor of neprilysin) and opiorphin 
(inhibitor of neprilysin and aminopeptidase N) blocked cortical bioconversion to DynB(1-7), 
whereas only opiorphin blocked striatal bioconversion to DynB(2-13). 
This new unbiased method ISH-MALDI imaging MS will be a very effective tool in the 
development of novel pharmaceuticals targeting enzyme activity, as it requires no labeling and 
detects both substrates and metabolites in one single experiment. It can reveal multiple cleavage 
sites and indicate if several enzymes are involved in bioconversion. Used in profiling mode it is 
very fast for screening purposes and can also detect the region-specific effects of enzymatic 
activity. 
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Abstract: The putamen along with the caudate nucleus forms the dorsal striatum of the brain. It 
plays a key role in movement coordination, and in various types of learning. It is involved in 
many degenerative neurological disorders, like Parkinsons’s and Huntington’s diseases. Novel 
therapies, such as large molecules, have low penetration potential due to the blood-brain barrier 
or due to a short half-life. Therefore, delivery of drugs directly into the target brain 
compartments may be indicated. In large animals, accurate delivery into a specific brain structure 
represents a greater challenge. In monkeys, because of marked variability in the size and shape 
of the head, documented coordinates are considered approximations. To support the development 
of drugs intended for intracerebral administration, feasibility, reproducibility and tolerability of 
targeted putamen and lateral ventricle injections were evaluated in 8 terminal and 4 recovery 
animals. Once the surgical approach was established, a range of volumes were injected 
bilaterally at different rates to evaluate diffusion and reflux using ink. Following recovery from 
surgery, the animals were kept for an observation period of 14 days. Clinical signs, body 
weights, food intake, neurological evaluations, and clinical pathology parameters were 
monitored to ensure tolerability and evaluate any procedure-related effects. The animals were 
then euthanized, sequential sectioning of the brain was performed and tissues were embedded in 
paraffin and stained with H&E for histopathological evaluation. The actual localization of the 
injection sites, through ink diffusion and needle tracts, was then confirmed by detailed 
histopathology of the targeted structures. The animals showed no clinical signs related to the 
injections. There was no effect on body weight or food intake. A standard panel of hematology, 
coagulation and biochemistry parameters was evaluated and all results were within normal 
biological ranges. Neurological evaluations showed normal behavior, gait, postural reactions, 
cranial and spinal nerve functions. The histopathology evaluation demonstrated that the targeted 
brain structures were reached with minimal background changes. Overall, the putamen and 
lateral ventricle administration was successfully established. 
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Abstract: Lipid nanoparticles (LNPs) are used to deliver nucleic acids in vitro and in vivo. Here, 
we describe the robust manufacture and use of clinical-grade lipid-based nanoparticles for 
nucleic acids delivery at scales suitable for both in vitro screening and in vivo applications. We 
have conducted studies to evaluate the merits of the technology and further provide insights for 
delivering short interfering RNA (siRNA) and mRNA. RNA-LNPs were formulated to 
encapsulate a potent siRNA directed against PTEN. Exceptional cellular uptake (>98%) with 
minimal toxicity was observed in both primary rat hippocampal and mixed cortical cell cultures. 
High transfection efficency (>95%) of the encapsulated material resulted in high-level (>85%) 
PTEN knockdown within the first 4 hours of a low dose (100 ng/ml) treatment; knockdown was 
sustained for 21 days. Additionally, more than 80% knock-down of a housekeeping gene was 
observed in primary rat cortical astrocytes, neurons and human iPS-derived neurons using this 
technology. Similarly, RNA-LNPs encapsulating mRNA were also found to mediate early (< 4 
hours) and sustained gene expression (>75% for 7 days) following a single (500 ng/ml) treatment 
in primary rat mixed cortical cultures. Strategies for locally administering RNA-LNPs into the 
brain and spinal cord of adult Sprague Dawley rats were also investigated. Localized injections 
of PTEN-encaspulated siRNA into the motorcortex resulted in significant and sustained (7 days) 
knockdown. Similarly, local administration at the site of a cervical spinal cord injury 
significantly reduced target PTEN expression, 10 days later. Collectively, these studies reflect 
the simplicity and efficacy of this technology in validating new targeted nucleic acid therapies. 
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Abstract: Neurons rely on basal macroautophagy for protein quality control. Reduction in 
cellular ATP levels in cells, such as during starvation, potently activates macroautophagy to 
produce substrates to fuel their mitochondria. Decreased ATP levels in neurons are also a feature 
of many neurodegenerative conditions, which is mostly the result of mitochondrial inhibition by 
protein aggregates. Severe declines in neuronal ATP are disruptive to energy-dependent 
autophagy steps, promoting further protein aggregation and loss of mitochondrial function. Thus, 
stimulation of mitochondrial or glycolytic ATP output is necessary to boost autophagy to break 
the cycle and alleviate neuronal protein-aggregate load. In this study, we explore the effects of 
mitochondrial stimulation by hyperoxic and oxygen nanobubble containing solutions on 
autophagy in PC-12 cells. 
PC-12Adh cells grown in DMEM with 1% horse serum and differentiated with 100 ng/ml nerve 
growth factor were transfected with pSELECT-GFP-mLC3B construct. Autophagy rate was 
quantified by monitoring changes in the number of GFP-LC3II puncta using time-lapse 
microscopy in cells perfused with core HEPES based Tyrode's solution (total observation time ~ 
2 h). Perfusion with either hyperoxic Tyrode's solution(HO-T) or Tyrode's solution enriched with 
oxygen nanobubbles (ON-T) and similar oxygen concentration, ~ 1250 µM, (based on RNS60, 



Revalesio, WA) had no effects on autophagy. Mitochondrial oxidative phosphorylation 
uncouplers 10 µM FCCP or 500 µM MPP+ with or without ON-T produced no immediate effects 
on autophagy. Inhibition of mitochondrial respiration with 500 nM antimycin A (AtA), which 
also increases mitochondrial generation of radicals, also had no immediate effects on the number 
of autophagosomes (puncta number/cell: control, 36±4; AtA, 37±4; n=10 cells, each). However, 
perfusion of AtA exposed cells with ON-T but not HO-T led to a dramatic increase in 
autophagosomes (puncta number/cell: ON-T, 67±13, n=10 cells; HO-T, 31±8, n=8 cells, 
p=0.021). This together with our previous findings showing mitochondrial ATP synthesis 
stimulation by oxygen nanobubbles suggests that ON-T upregulates autophagosome formation 
only during mitochondrial/protein damage. To further confirm that oxygen nanobubbles increase 
overall autophagic flux, we will image autolysosome formation and acidification by using RFP-
GFP-LC3B chimera. 
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Title: Discovery of a prototype furoxan as a novel attenuated nitric oxide mimetic for the 
treatment of neurodegenerative disorders: proof-of-concept studies 
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Abstract: Nitric oxide (NO) mimetics capable of enhancing cGMP/CREB signaling have 
demonstrated efficacy as potential novel therapies for neurodegeneration. Development of NO 
mimetic chemical classes, often termed “NO donors” or “NO mimetics”, has faced challenges 
centralized around poor pharmacokinetic (PK) profiles which result in risk of adverse effects 
related to transient spikes in NO signaling, such as acute hypotension. We are developing an NO 
mimetic class known as furoxans as slow-onset NO mimetics. Furoxans are unique because they 
exhibit ‘tunable’ NO mimetic effects. Rate of furoxan NO mimetic effects can be significantly 
attenuated to produce molecules with superior metabolic stability compared to other NO mimetic 
chemical classes. We have reported furoxan efficacy in multiple in vitro and ex vivo systems, 
including reversal of Aβ42 induced synaptic dysfunction in LTP and protection against oxygen 
glucose deprivation (OGD), a cellular model of ischemia. The present study represents the proof-
of-concept examination of furoxans to demonstrate in vivo neuromodulatory activity and 
potential as a novel therapeutic class for the CNS. Our drug development efforts have resulted in 
the discovery of a prototype attenuated furoxan, designated IS-1-41. In vitro neuroprotection 
against OGD and cGMP/CREB target pathway engagement endorsed the advancement of IS-1-
41 to in vivo studies. A focused PK study confirmed brain bioavailability and a favorable 
duration of CNS exposure. In a model of memory, IS-1-41 provided dose-dependent 
improvement of scopolamine induced hippocampal-dependent memory deficits in step-through 
passive avoidance (STPA). In a model of stroke, IS-1-41 improved motor function and reduced 
infarct volume when administered following middle carotid artery occlusion (MCAO). 
Cumulatively, our data supports our hypothesis that an attenuated furoxan can possess the 
beneficial neuromodulatory effects seen previously for other NO mimetics whilst possessing 
superior metabolic stability. 
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Title: No association between levels of uric acid and the rs1014290 polymorphism in Mexican 
subjects with Parkinson's Disease 
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Abstract: Mexico is dramatically facing the problem of population aging, which has led to an 
increase in epidemiology of Parkinson's disease (PD). PD is characterized by changes in motor 
functions due to the death of dopaminergic neurons in the substantia nigra pars compacta. The 
etiology and pathophysiology of this disease suggest that oxidative stress plays an important role. 
In this context, antioxidants such as uric acid (UA) could have neuroprotective properties. Low 
UA levels have been proposed as a risk factor for PD and its progression. In light of these 
findings, the rs1014290 single nucleotide polymorphism (SNP) in the gene SLC2A9 has been 
linked to the reduction of UA. 
The aim of this study is to determine the association between UA levels and the rs1014290 SNP 
in a case-control study. The case group included 59 PD patients, while the control group 
included 169 non-PD subjects matched by gender and age. The clinical diagnosis of PD was 
according to the criteria established by The Parkinson's UK Brain Bank. Whole blood samples 
were taken to determine the serum UA levels and to extract genomic DNA. The rs1014290 SNP 
was genotyped by qPCR. 
Our results show that UA serum levels are not significantly different (4.7 ± 1.13 vs 4.8 ± 1.39, p 
= 0.652) in case group vs control group. In the analysis stratified by sex, we did not find 
significant differences in the levels of UA compared with controls, neither for women nor men 



with PD (4.3 ± 1.25 vs 1.15 ± 4.5, p = 0.449 in women and 5.15 ± 1.27 vs 5.21 ± 1.56, p = 0.87 
in men). The allele frequency of the mutated variant was increased in patients with PD, but no 
significant difference was observed vs controls (33.3 vs 29.16 %, p = 0.476). Regarding the 
genotype frequencies for the mutated homozygous and heterozygous alleles, there was also an 
elevation in the case group relative to the control group, however the difference was not 
significant (9 vs 11% and 40 vs 49 %, p = 0.88). 
This is the first study exploring the association between levels of UA and the rs1014290 SNP of 
the SLC2A9 gene in Mexican subjects with PD. Our findings indicate that levels of UA and the 
rs1014290 polymorphism might not be associated in PD. Nevertheless, the number of patients 
needs to be increased in order to draw stronger conclusions. 
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Abstract: Neurons derived from human induced pluripotent stem cells (iPSCs) represent a 
tremendous opportunity to create platforms for drug discovery with a high relevance to human 
psychiatric and neurological diseases. iPSCs can be generated from both healthy individuals and 
from patients with a diagnosed CNS disorder. Indeed, for patients harboring a known genetic 
mutation, isogenic control iPSCs can also be created using gene-editing technologies such as 
CRISPR. A range of neuronal subtypes can then be generated from these iPSC lines. However, 
implementation of this approach has been slowed due to long maturation times for cultured 
human neurons. Here, we demonstrate the rapid maturation of four subtypes of neurons derived 
from human iPSCs: (1) spinal motor neurons, (2) midbrain dopaminergic neurons, (3) cortical 
glutamatergic neurons, and (4) cortical GABAergic neurons. These neurons mature within 7-14 
days after plating as evidenced by diverse measures. They display a complex morphology, 



including extensive neurite branching. The neurons express classical subtype-specific markers as 
well as pre- and post-synaptic proteins. Finally, they show functional activity as demonstrated by 
robust spiking in multi-electrode array (MEA) studies and calcium imaging. As a proof-of-
concept for high throughput screening, we knocked a nanoluciferase reporter into the survival 
motor neuron gene in iPSCs derived from spinal muscular atrophy patients. Motor neurons from 
the reporter SMA iPSCs respond to positive compounds in a dose-dependent manner in a 384-
well format. Given that these neurons can be produced in high purity (>70-90%) and mature in 
approximately one week, they provide a powerful system for CNS drug discovery and 
development. 
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Abstract: Delivering genes to targeted neurons in the brain is critical for the success of gene 
therapy and basic neurophysiology studies focused on understanding the functional role of 
specific brain circuits. However, current non-viral gene delivery technologies are inefficient and 
imprecise in spatial localization. We report a novel MEMS based system for targeted delivery, 
which can also facilitate automation of the process. Polycrystalline silicon nanoelectrodes were 
milled using focused ion beam (FIB) to enable delivery of payloads into single neurons. A 
voltage controlled method was optimized that allows for immobilization of a payload to the tip 
of the electrode in a way that a) prevents any loss of payload until the electrode penetrates the 
neuron; and b) allows for controlled injection and release of the payload inside the neuronal cell 



body. Payloads of two different sizes were tested - scrambled siRNA conjugated with Alexa 
Fluor and fluorescein dye conjugated with dextran. First, glass micropipettes were used to 
determine the parameters required for reproducible charge-mediated accumulation and release of 
payloads. Next, the parameters to achieve efficient voltage controlled accumulation of payloads 
onto the polysilicon nanoelectrodes and their release were optimized. Finally, ability of these 
electrodes to achieve controlled delivery into targeted neurons of abdominal ganglion of Aplysia 
was tested. Fluorescence imaging confirmed successful delivery of both types of payloads in n = 
15 neurons. Propidium iodide staining of the cells confirmed that they were viable after 
injections with the nanoelectrode. Although preliminary, these results suggest that this technique 
offers a promising method of single cell gene and drug delivery. 
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Abstract: A major issue in the field of neural interface is the foreign body response and the 
subsequent glial scaring around implanted probes which is believed to lead to electrical 
insulation and subsequent failure of the implant. 
One of the first cells to react to a foreign body is the Microglia, which quickly (within minutes) 
after tissue damage prolongs its motile processes to the site of damage. One strategy beyond 
controlling the flexibility and integration of neural probes into the tissue could be controlling the 
local milieu in the near vicinity of the electrode with local delivery of drugs around the implant. 
For example minocycline has been shown to inhibit the microglial activity. 
In this study, gelatin embedded neural probes was implanted into the cortex of transgenic mice 
(CX3CR1-GFP knock-in mice) with has fluorescently labeled microglial cells, and a cranial 
window was created for in-vivo imaging. A controlled and very local tissue damage was induced 
in the tissue at a fixed distance from the implanted probe, by continuously scanning with high 



intensity laser from the 2-photon microscope. And the subsequent acute tissue response was 
monitored with 2-photon microscopy by collecting z-stack time series to monitor the dynamics 
of the microglial cells in vicinity of the damage. Quantification of the microglial response was 
made by comparing the normalized intensity of the region closest to the damage with a region 
outside as well as by analyzing conformational changes of the individual cells. Probes embedded 
with pure gelatin was compared to probes with gelatin loaded with minocycline in order to 
evaluate the minocycline's effect on the acute microglia response to the damage around the 
implant. 

Disclosures:  J. Agorelius: None. A.D. Holmkvist: None. M. Forni: None. C.E. Linsmeier: 
None. J. Schouenborg: None. 

Poster 

754. Biomarkers and Drug Delivery Systems 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 754.17/NNN11 

Topic: I.05. Biomarker and Drug Discovery 

Support: NSF IIP-1353643 

 NIH 1R43GM106671 

 NIH 1R43OD020306 

 USC Coulter Translation Research Grant 

Title: Wireless control for simultaneous drug administration in micropump-implanted mice in an 
array of vivarium cages 

Authors: *T. Q. HOANG1,2, M. VAISHYA1, C. JONES1, S. STRONKS1, L. RODRIGUEZ1, 
M. MAHDI3, G. SHACKLEFORD3, R. CASTRO1, C. GUTIERREZ1, J. FIELD1, A. EPSTEIN3, 
R. MOATS3, E. F. MENG2,1;  
1Fluid Synchrony, LLC, Pasadena, CA; 2Biomed. Engin., USC, Los Angeles, CA; 3CHLA, Los 
Angeles, CA 

Abstract: For new drug development, advanced biologics and neurologic research, rodent 
studies requiring chronic drug administration can be very labor intensive and result in dramatic 
increases in exposure and handling of the animals. To improve both animal care and researchers 
working conditions, an automated wireless-operated microinfusion system has been developed 
for the vivarium environment. The system consists of a miniaturized drug pump that is implanted 



subcutaneously in each rodent, an external wirelessly inductive controller, and a programmable 
dosing software. Advantages include minimal handling, fewer interventions, and tether-free 
dosing for more normal, stress-free behavior. We demonstrated simultaneous microinfusion 
pumping in mice using an array of external controllers that instrument a standard vivarium cage 
rack system. A micropump was implanted subcutaneously in the back of transgenic mice 
expressing the luciferase gene. Each animal was housed in a single vivarium cage and array of 
six instrumented cages were configured in a vivarium cage rack system. The dosing regimen, 
bolus dose of ~30 microliter of luciferin solution, was programmed into the dosing software 
installed on a laptop. Upon command by the software, all micropumps in the mice were activated 
as indicated by visual observation of the red light shining through the skin from the activated 
LED (light-Emitting Diode) in each micropump. 90 minutes after the bolus injection, all animals 
were imaged using a Xenogen bioluminescence imager. Two animals showed comparable 
bioluminescence intensity levels to those from control animals manually injected with a syringe 
with similar bolus dose. Electromagnetic interference was identified as major concern for array 
configuration in the cage rack. Specific strategies to minimize this interference were investigated 
including synchronized activation, optimal spacing and signal dither. Benchtop evaluation was 
done by simulating a cage matrix and running up to 6 pairings of pump-controller simultaneously 
in different configurations, and the delivered fluid was measured using micro-pipettes. Our 
research confirmed the scalability of our array for simultaneous wireless control of multiple 
pumps to enable a very efficient microinfusion system with high throughput, automated dosing. 
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Abstract: The intrathecal (IT) dosing route has been used to bypass the blood-brain barrier and 
deliver drugs directly to the central nervous system (CNS). Difficulties with delivering drugs to 
the brain by intrathecal dosing have been noted due to large caudal to rostral drug concentration 
gradients. The distribution of drugs administered directly to the cerebral spinal fluid (CSF) has 
been shown to be affected by CSF pressure differences due to respiration and heart rate. We 
attempted to model the caudal to rostral drug concentration gradients in monkeys by intrathecal 
administration of an antisense oligonucleotide (ASO). We tested the effects of different volumes 
of injection and the application of exogenous mechanical forces, to mimic enhanced respiration 
effects, on the caudal to rostral distribution of the ASO. 
Cynomolgus monkeys (4 groups of N=5) received a lumbar puncture injection of a 
pharmacological dose of an ASO targeted to the ubiquitously expressed long non-coding RNA 
MALAT1 in either a low (0.8 mL) or high (2.4 mL) volume of injection, and either with or 
without immediate application of high frequency chest wall oscillation. A dose of 99mTc-DTPA 
was spiked into the formulation and the quality of each lumbar injection was monitored by 
SPECT/CT. Animals were euthanized 7 days after drug administration and CNS tissues were 
collected for measurement of tissue ASO concentration and MALAT1 RNA expression by qRT-
PCR. CNS tissues were also collected and fixed for immunohistochemistry with an anti-ASO 
antibody and for in situ hybridization with MALAT1 probes. 
The high volume bolus resulted in broader distribution, higher ASO concentrations and 
decreased MALAT1 RNA expression in the structures of the rostral CNS than did the low 



volume bolus. The high volume bolus also decreased local drug concentration in the lumbar 
spinal cord near the injection site and yielded lower inter-patient variability compared to the low 
volume dose. The broad distribution resulting from the high dose volume of the ASO was 
demonstrated by immunohistochemical staining. The MALAT1 expression reduction coincided 
with these areas of ASO distribution as evidenced by the in situ hybridization. Treatment with 
exogenous mechanical forces slightly improved distribution in the low volume dose groups in 
this study. 
These results will be used in the future to guide the practices used in the clinic for the IT 
administration of ASOs directed towards targets involved in CNS diseases. 
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Employment/Salary (full or part-time): Biogen, Inc.. E. Ownership Interest (stock, stock options, 
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Title: Identification of ER-000444793, a Cyclophilin D-independent inhibitor of mitochondrial 
permeability transition using a high-throughput screen in cryopreserved mitochondria 
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Abstract: Growing evidence suggests that persistent mitochondrial permeability transition pore 
(mPTP) opening is a key pathophysiological event in cell death underlying multiple 
neurodegenerative disease states. Current agents targeting the mPTP are limited by off-target 
effects and low therapeutic efficacy, therefore identification and development of novel inhibitors 
is necessary. A method was developed to cryopreserve large batches of functionally active 
mitochondria from cells and tissue. Assessment of cryopreserved mitochondria revealed 
preserved respiratory coupling and ATP synthesis, Ca2+ uptake and maintenance of 
transmembrane potential. 
A high-throughput screen (HTS), using an assay of Ca2+-induced mitochondrial swelling using 
cryopreserved mitochondria identified ER-000444793 as a potent inhibitor of mPTP opening. 
ER-000444793 was further evaluated using assays of Ca2+-induced membrane depolarisation and 
Ca2+ retention capacity. ER-000444793 failed to affect cyclophilin D (CypD) enzymatic activity, 
nor did it displace CsA from CypD protein, suggesting a mechanism independent of CypD 
inhibition. 
The ability to maintain mitochondrial function after freeze-thaw provides a platform to perform 
rapid, large scale compound screens. Here, we identified a novel and CypD-independent 
inhibitor of mitochondrial permeability transition. The screening flow and compound described 
will be useful for advancing the search for novel agents targeting mitochondrial permeability 
transition and understanding the molecular nature of the pore. 
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Abstract: Inefficient cytosolic delivery limits the therapeutic utility of many biologic drugs for 
treating neurotoxic and neurodegenerative disease states. Although recent advances in biologic 
formulation have achieved some success, more robust strategies are needed for effective 
transport of biologics to the neuronal cytosol. In this study, we explore the modular protein 
nanomachine - botulinum neurotoxin (BoNT) - as a prototype neuron-specific vehicle for 
intracellular delivery of biologic cargo. BoNT contains a 100 kDa heavy chain (HC) and a 50 
kDa light chain (LC) that remain associated through a disulfide bond. The C-terminal of the HC 
mediates highly selective and efficient binding to receptors on the presynaptic membrane of 
neurons. Following synaptic endocytosis, the N-terminal domain of the HC forms a pore that 
facilitates translocation of the catalytically active LC through the endosomal membrane to the 
presynaptic cytosol. The combination of efficient neuronal targeting and potent presynaptic 
activity renders BoNTs the most poisonous substances known. However, recent studies have 
shown that point mutations to the active site of the LC can dramatically decrease toxicity while 
maintaining specific neuronal targeting. The Ichtchenko lab has systematically designed and 
expressed a library of atoxic BoNT derivatives as prototype vehicles to deliver therapeutic cargo 
to the neuronal cytoplasm. Here, we provide a functional characterization of the localization and 
activity of select atoxic BoNT derivatives and their cargo in vitro and in vivo. In synaptically 
active cultures of neurons, molecular and electrophysiological readouts of host:toxin activity 
demonstrated that atoxic BoNT derivatives can successfully deliver diverse biologic cargo to the 
neuronal cytoplasm. In murine models of botulism, atoxic BoNT-mediated intracellular delivery 
of single chain antibodies against wild type BoNT/A provided protection from lethality. 
Protection was provided at post-intoxication treatment times beyond the effective window for 
cell impermeant antitoxin treatment, thus demonstrating an intracellular mode of action. These 
studies serve as an important proof-of-concept for future development of atoxic BoNTs as 



vehicles for neuron-specific delivery of therapeutic cargo. Disclaimer: The views expressed in 
this abstract are those of the authors and do not reflect the official policy of the Department of 
the Army, Department of Defense, or the U.S. Government.  
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Abstract: Introduction: For the treatment of neurodegenerative disorders and neuro-
oncological disorders, various drug and chemotherapy agents have been developed and tried in 
clinical field. However, these drugs or chemotherapeutic agents showed limited efficacy because 
of blocking by the blood brain barrier (BBB). Recently, a local and selective drug delivery 
method using focused ultrasound (FUS), which was traditionally used for tissue destruction, was 
introduced for localized and transient opening of BBB. In this study, we tried to evaluate various 
parameter factors for optimized BBB opening condition in small animals. Materials and 
Methods: We have observed changes in BBB permeability of SD-rat during transcranial 
sonication with microbubble (MB) using low-intensity focused ultrasound. Moreover, to find the 
optimal sonication parameters for BBB-disruption, we examined various sonication factors: MB 



injection type, MB type, pulse frequency, acoustic pressure, pulse repeated frequency and duty 
cycle. The animals were sacrificed and perfused 4h after FUS sonication. Brain tissues were 
obtained, sectioned and stained with hematoxylin and eosin (H&E) for histological examination 
Results: BBB opening at the sonication region was visualized using Evans blue (EB), which has 
a very large molecular weight of about 900Da and normally does not pass through the BBB. 
When BBB was disrupted, however, EB diffused through the barrier. Moreover, we were able to 
detect various amounts and forms of EB extravasation depending on the various sonication 
factors. Based on these results, we also demonstrated the optimal BBB-opening condition of the 
ultra-sonication for drug delivery. Conclusion: In this pre-clinical study, we demonstrated that 
FUS can facilitate optimized opening of BBB at the focal area. It is expected that this technique 
can be applied to targeted drug delivery into a localized brain area. However, further 
investigation regarding the limitation of molecular weight for transposition across the BBB, 
controlling of focus size and location, and optimal parameters for drug delivery according to the 
molecular weight is necessary before application to the clinical field.Acknowledgement: This 
study was supported by the grant from the Yonsei University Future-leading Research Initiative 
(Yonsei Challenge) of 2015 (2015-22-0137) and Basic Science Research Program through the 
National Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT and 
Future Planning (2015R1C1A1A02036851). 
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Abstract: Earthworms are capable of Pavlovian and instrumental learning, offering an 
inexpensive and readily available alternative to mammalian or more exotic invertebrate species 
used in studies of memory. Drug studies in these soft-bodied organisms are made difficult by 
some uncertainty about methods of administration. Injection is possible; e.g., Watanabe et al. 
(2005) anesthetized worms for 10 min in 10% ethanol in order to inject protein synthesis 
inhibitors. A simpler approach that avoids anesthesia exists: worms can absorb drugs through 
their skin. We immersed worms in drug solutions, comparing time of immersion and 
concentration of solution as ways to manipulate dosage.Movement of Lumbricus terrestris was 
monitored in a running wheel in the dark before and after exposure to an aversive light. Worms 
received doses of caffeine by immersion in three different concentrations (9.15mM, 22.46mM, or 
82.38mM) for an equivalent time (1 min), or in one concentration (9.15mM) for three different 
times (1, 3, or 9 min). The concentration-dependent doses caused different effects on the worms, 
with the low dose decreasing locomotion compared to either a high dose or water. The caffeine 
also decreased locomotion generally in the time-based doses, but there was no significant 
difference in locomotion between the doses. With both methods of administration, caffeine at 
lower doses decreased movement in response to the aversive light. We conclude that immersion 
in differing concentrations is a more reliable way to effect differing drug exposures than varying 
time of exposure. Analysis of drug within the worm after these manipulations is an obvious next 
step. 
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Abstract: Second generation antipsychotics (atypical) affinity towards 5-HT2A receptors could 
be the reason for reduced side effects. Aiming this receptor type has been the predominant target 
in drug discovery next to major D2 receptor in schizophrenia treatment. Further, 5-HT2A receptor 
antagonists have antidepressant and anti-anxiety properties and agonists have hallucinogenic 
effect. It is necessary to introduce a better parameter to predict the amount of 5-HT2A receptors 
being interacted (occupied) with selective ligand concentration that shows desired 



pharmacological actions. Supporting studies towards free drug hypothesis at different targets can 
be applied to bring a correlation between in-vivo 5-HT2A receptor occupancy and in-vitro drug 
parameters (free fractions) at target site. Five standard compounds (quetiapine, eplivanserin, 
ketanserin, clozapine and olanzapine) were selected for in-vivo 5-HT2A receptor occupancy assay 
using non-radiolabelled tracer (MDL 100907) in rats. Brain regional tracer concentration, drug 
exposures in brain and plasma from treated rats were analyzed by LC/MS-MS. Unbound 
fractions of compound in brain and plasma was estimated by HT-dialysis. Free forms of 
compound in plasma or brain are calculated from the product of in-vivo total plasma or brain 
drug concentrations and in-vitro free fractional value. Brain or plasma concentrations were 
normalized with their Ki before bringing a comparison. An association was inspected among in-
vitro affinity constant (Ki); in-vitro free fractions of drug in plasma or brain; dose producing 
50% occupancy at 5-HT2A receptors (ED50). The dose dependent % 5HT2A receptor occupancy 
was found for all tested compounds which are consistent with in-vitro affinity profile (Ki, nM). 
Significant improvement in correlation was seen between free brain or plasma EC50 vs in-vitro 
Ki than with total compound concentration. Comparison between total brain and free brain 
concentration revealed the impact of permeability and efflux pumps on compound 
concentrations. Linear relation (R2) between occupancy and free brain concentrations favors 
exact prediction of receptor occupancy. 
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Abstract: There is an unmet need for remyelinating therapies to treat multiple sclerosis (MS) 
patients. NDC-1308 is an analog of estradiol (E2) that harnesses the body’s natural remyelinating 
system to drive oligodendrogenesis, a process resulting in mature, myelinating oligodendrocytes 
(OLs) that can repair damaged myelin sheaths. NDC-1308 was previously shown in 
oligodendrocyte progenitor cell (OPC) cultures to induce a 3-fold increase in OLs compared to 
vehicle. Structurally related estrogens, E2 and estriol, do not possess this activity. Side-by-side 
comparison of NDC-1308 and E2 activity, following chronic treatment in the cuprizone mouse 
model of demyelination, showed only NDC-1308 could significantly repair the myelin sheath (a 
44% increase in hippocampus). NDC-1308 can apparently accomplish this by overriding 
inhibitors of oligodendrogenesis, such as Lingo-1. Here, we investigated how NDC-1308 has 
gained the biological activity to repair demyelinated axons, but lost the deleterious side-effects 
commonly associated with estrogens. While NDC-1308 and E2 are both ER agonists, we found 
the remyelinating activity of NDC-1308 can be traced back to its unique ability to significantly 
up-regulate key genes (OLIG2, DNER, MOG and MBP) for oligodendrogenesis. Real-time 
qPCR analysis showed these same genes are up-regulated 2-3 fold in human PBMCs treated for 
12 hours with NDC-1308, suggesting they could serve as potential therapeutic biomarkers. 
Potential safety concerns for NDC-1308 were addressed. Estrogenicity was directly measured in 
a mouse uterotrophic assay since E2 treatment is known to cause a rapid and dramatic increase in 
uterine weight in this assay. Unlike E2, NDC-1308 was not found to be estrogenic. Further 
testing revealed that NDC-1308 is not mutagenic (Ames assay) and not genotoxic (micronucleus 
assay). The OPC pool remained intact after six weeks of chronic NDC-1308 treatment, 
demonstrating that it can serve as a renewable source for sustaining oligodendrogenesis. In 
conclusion, NDC-1308 is a potential first-in-class remyelinating therapy that possesses many key 
qualities needed to effectively treat secondary progress (SPMS) and relapsing-remitting (RRMS) 
MS patients. 
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Abstract: Astrogliosis is the process by which astrocytes become activated after brain injury. 
Astrocyte activation takes place after virtually any insult to the central nervous system including 
trauma, infection, and cell death. It is a complex and graded process that relies on multiple 
cellular signals for not only astrocyte activation but also to inactivate astrocytes. In severe 
instances, astrocyte activation can result in the formation of a glial scar that can be both 
beneficial in terms of restricting inflammation and detrimental since it inhibits axon 
regeneration. Recently, my lab has discovered that the fibroblast growth factor (FGF) signaling 
pathway plays a critical role in the inhibition of astrocyte activation in the normal and injured 
brain. Moreover, we have also demonstrated that both gain-of-function and loss-of-function 
studies of FGF signaling result in a decrease in glial scar size. The FGFs are a family of secreted 
proteins used for angiogenesis, wound healing, and multiple other roles in the developing 
organism and also play an important role in numerous pathological processes. To date, there are 
limited options for people who suffer from FGF signaling related diseases since there are no 
specific agonists or antagonists for the receptors of FGF signaling. Here, I plan to develop novel 
molecular tools specific for all three fibroblast growth factor receptors (FGFRs) expressed in the 
brain (FGFR1,2,3) and test them as therapeutics in glial scar formation. To achieve this goal, I 
will develop aptamers, nucleic acid ligands that have the potential to be specific antagonists and 
agonists to modulate signaling through the FGFRs. Importantly, I have already identified a 
number of nuclease stabilized ligands to FGFR3. One aptamer specifically, NK01, demonstrates 
high affinity for FGFR3 and inhibits FGF2 from binding FGFR3. Perhaps more interestingly, 
another aptamer, C20, stimulates signaling from FGFR3 when presented to the cells as a 
multimer. Ultimately, I will develop a suite of novel tools to interrogate FGF signaling at the 
level of the receptor that can be used as possible therapeutics, particularly in glial scar formation. 
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Abstract: BACKGROUND: Fatigue, defined as an overwhelming feeling of lack of both 
mental and physical energy, has been reported in over 90% of individuals with multiple sclerosis 
(MS). Studies have shown basal ganglia structures play a central role in fatigue. Meanwhile, 
abnormal iron deposition has been observed in the deep gray matter structures including basal 
ganglia in MS. In this study, we aimed to examine the correlation between brain iron 
concentration indicated by susceptibility contrast imaging and the severity of fatigue in MS. 
METHODS: Six clinically definite MS patients participated in this study. MRI: A 3D multi-
echo gradient-echo acquisition was performed on a 3T scanner. Quantitative R2

* maps were 
derived from exponential fitting over five echo data. The susceptibility maps (QSM) were 
calculated using the LSQR algorithm based on the unwrapped phase maps. Six regions of 
interest (ROIs) including substantia nigra (SN), red nucleus (RN), globus pallidus (GP), putamen 
(PU), caudate nucleus (CN), and thalamus (TH) were manually drawn on the magnitude images. 
R2

*, and Frequency, and QSM values were averaged in each ROI, respectively, and then 
averaged across all the subjects in the group. Fatigue measures: Each individual were 
administrated a Fatigue Severity Scale (FSS) test and a Modified Fatigue Impact Scale (MFIS) 
test to measure their fatigue levels. The FSS scores and total MFIS scores with its subcategories 
(Physical, Cognitive, Psychosocial) subscales from each individual were correlated with R2

*, 
Frequency shift and QSM values in all ROIs. RESULTS: Significant positive correlations (p < 
0.05) between Frequency and FSS Total (r = 0.79), MFIS Total (r = 0.97), MFIS Physical 
subscale (r = 0.94) and MFIS Psychosocial subscale (r = 0.86) are found in CN. QSM also 
correlates with MFIS Total (r = 0.76) and MFIS Physical subscales (r = 0.82) significantly. No 
significant consistent positive correlations in the other ROIs are found. No significant 
correlations between R2

* and all fatigue measures are observed. DISCUSSION: Basal ganglia is 
of particular interest as its damage is often associated with clinical disorders including MS. Our 
results show a promising correlation between iron-related MRI indices with fatigue scores, 
indicating the severity of fatigue may correspond to iron accumulation in CN. This result is 
consistent with our previous findings that iron deposition is found to be higher in basal ganglia in 
MS patients comparing to healthy control individuals. These findings are of particular interesting 
to understanding the fatigue mechanisms, which may lead to an effective treatment on reducing 
clinical symptoms in MS patients. 
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Abstract: Implantable neural interfaces are important tools for the investigation of 
neurophysiological systems and have several clinical applications. However, the 
biocompatibility and chronic functional stability of these implanted interfaces are far from 
optimized. It is well known that the implant subsequently elicits both acute and chronic reactions 
in the surrounding tissue, which leads to the formation of an insulating glial scar and electrode 
failure.The objective of this work is to investigate the use of biodegradable nanoparticles for 
sustained delivery of minocycline, a neuro-protective and anti-inflammatory drug, locally in the 
brain after electrode implantation. Minocycline-loaded PLGA nanoparticles were prepared by a 
single oil-in-water based preparation technique and characterized for size (~220 nm), drug 
content (1.1%) and drug release. The in vitro release profile showed drug release over 30 days, 
which provides a good match to the normal time course of brain tissue responses associated with 
electrode implantations.Stainless steel needles were embedded with gelatin containing the 
minocycline-loaded nanoparticles and implanted into cortex of CX3CR1-GFP knock-in mice 
with fluorescently labeled microglial cells. The tissue response after implantation was studied. 
The results presented here show the importance of controlling the local milieu in the near 
vicinity of the electrode for mastering tissue reactions and provides an additional step in 
designing fully biocompatible neural interfaces. 
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Abstract: Ischemic stroke (IS), a leading cause of death and disability worldwide, requires rapid 
and accurate diagnosis. However, IS diagnosis in the emergency setting is currently limited to 
clinical examination of symptoms and low-sensitivity CT imaging. No direct, objective, point of 
care test is currently available that can diagnose IS in the time frame needed to institute 
appropriate therapy. This need could be met by measuring levels of protein biomarkers in 
circulating blood. Several proteins have shown promise in pre-clinical trials; however, because 
of the heterogeneity of the disease, these singular biomarker candidates have shown inadequate 
sensitivity and specificity in clinical studies. Therefore, a combination of protein biomarkers 
associated with brain ischemia is thought to be necessary for emergency IS diagnosis. 
We take a novel approach to ischemic stroke biomarker discovery. Combining an endovascular 
procedure with proteomic analysis we quantitatively catalogue changes in the abundance of all 
serum proteins present in blood from the penumbra of stroke patients. Patients diagnosed with 
ischemic stroke who undergo mechanical thrombectomy are included in this IRB-approved 
study. During the thrombectomy procedure a micro-catheter is used to withdraw arterial blood 
samples from the general circulation (peripheral) and from the region of ischemic brain area 
(penumbral) prior to clot removal. For each blood sample, the serum is depleted of albumin, 
salts, lipids, and nucleic acids. Then an aliquot of each blood sample containing 25 µg protein is 
labeled with a different fluorescent dye. Samples are combined and then separated by 2-
dimensional gel electrophoresis (2D-DIGE) first by isoelectric focusing (pH=3 to pH=10), then 
by SDS-PAGE. The resulting gel images are analyzed using Image J software for changes in 
relative protein abundance as determined by their respective fluorescence intensities. 
Gels from 4 initial patients showed over 50 individual protein spots. Twenty-five of these spots 
were chosen for analysis in this preliminary study. The ratio of fluorescence intensities between 
peripheral and penumbral samples was used for univariate analysis and pair-wise statistics. Of 
the 25 protein spots analyzed, 5 proteins show a significant change of 20% or more and thus may 
constitute an initial test panel of protein stroke biomarkers. Proteins with differential expression 
in the penumbral blood are likely to originate from ischemic brain tissue and could be considered 



biomarker candidates. Furthermore, the changes in multiple protein abundances found in 
penumbral blood support our approach to novel biomarker discovery. 
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Abstract: Of the clinical candidates that enter phase 1, approximately one out of ten is approved 
by FDA. This low success rate is very concerning for drug developers, regulators and patients. 
Unacceptable pharmacokinetic properties is in part the reason for discontinuation of clinical 
development. An additional hurdle comes in play for neurological and psychiatric indications: 
the blood brain barrier. Clinical candidates need to be selected on the property to reach the target, 
and therefore, adequate free brain concentrations need to be reached that can induce the desired 
pharmacodynamic effects. This can be directly measured in awake animals by using Metaquant 
microdialysis in various species. In the present study, we compared the absolute brain 
concentrations as well as CSF concentrations of dextroamphetamine and its pharmacodynamics 
effect in rats and non-humans primates (NHPs). Wistar rats and cynomolgus monkeys received 
dextroamphetamine. The concentration of dextroamphetamine was measured bilaterally in the 
prefrontal cortex (PFC) and striatum (Str) up to 6 hours post dosing. A separate group of animals 
receiving the same dose had an indwelling catheter surgically placed into the cisterna magna to 
support cerebrospinal fluid (CSF) sampling for up to 4 hours post-dosing. Compound 
concentrations in plasma were measured via venous sampling. In monkeys, ECF and CSF 
dextroamphetamine concentrations were similar to each other and to unbound plasma drug 
concentrations across the time course and brain regions, supporting rapid equilibration of 
compound throughout the monkey CNS. In rats, ECF and CSF concentrations were similar, but 



appeared to be 1.5 to 2 times greater than plasma unbound concentrations over the sample time 
course. Equilibration was also achieved by the first sample time point (30 minutes). These results 
suggest facile movement of dextroamphetamine across the blood-brain barrier of both species, 
possibly also the choroid plexus, and rapid equilibration within the CNS. Observation of a net 
uptake of dextroamphetamine into rat CNS, but not monkeys, may indicate an important species 
difference in the absorption of this drug into the brain. This study confirms that pharmacokinetic 
and pharmacodynamics properties may differ between species. Furthermore, it indicates that 
cross species evaluation is valuable to select clinical candidates and their predictive efficacy 
dose. 
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Title: Ultrasound-mediated delivery across the blood brain barrier. 

Authors: *E. G. FERNANDEZ1, M. VALDEZ2, M. ROMANOWSKI2, T. MATSUNAGA3, R. 
WITTE3, T. P. TROUARD2;  
1Neurosci. and Cognitive Sci., 2Biomed. Engin., 3Med. Imaging, The Univ. of Arizona, Tucson, 
AZ 

Abstract: Treatment of neurological disorders is often hampered by the inability of therapeutics 
to cross the blood-brain barrier (BBB). Over the last several years, novel techniques have been 
developed that use focused ultrasound (FUS) in combination with microbubble (µB) contrast 
agents to temporarily open up the BBB and allow therapeutics into the brain. Foundational 
studies have shown BBB-opening is clearly visible via contrast-enhanced MRI. In this work, 
MRI and fluorescence microscopy were used to analyze the distribution of different sized 
molecules following BBB-opening in mice. BBB-opening was carried out in anesthetized mice 
using a custom-made cradle and FUS system. Following a 0.2 µL/g IV injection of µBs and an IP 
injection of Gd-DTPA, FUS was applied for 2 min (10 ms pulse at 1 Hz). Mice were then given 
another IV injection of 3, 70, and 500 kD dextran (1 mg each) with a different fluorescent labels. 
Mice were imaged using T1-weighted MRI on a 7T Bruker BioSpec MRI system and then 



perfused with PBS and paraformaldehyde. Brains were cryosectioned and imaged with an 
Olympus MVX10 fluorescence microscope. Fluorescent signal was quantified by determining 
the volume of brain exhibiting fluorescent signal greater than the background autofluorescence. 
Safety of the procedure was evaluated by opening the BBB using different levels of FUS 
pressures (72, 120 and 214 kPa peak negative pressures). These brains were H&E-stained and 
imaged to quantify microbleeds and neuronal damage. MRI and fluorescence microscopy images 
following BBB-opening showed a strong co-localization of MRI signal enhancement with the 
fluorescent dextrans. The volume of brain with Gd-enhancement and dye increased with pressure 
and decreased with dextran size. The smaller molecules showed a diffuse pattern of enhancement 
while the larger molecules appeared in punctate patterns. Significant opening of the BBB with no 
visible damage was observed at120 kPa. Higher pressures showed damage, and lower pressures 
showed little to no BBB-opening. These results demonstrate FUS can safely open the BBB and 
allow molecules of various sizes to enter the brain with differential distribution. While the BBB-
opening technique is intended to increase drug delivery to the brain for neurological disorders 
(e.g. Alzheimer’s and Parkinson’s), these imaging experiments could also be utilized to evaluate 
the loss of BBB integrity caused by other pathologies such as brain tumors, TBI, and viral 
infections. 
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Abstract: Originally developed as an adjunctive neuroprotective and anti-inflammatory agent 
for HIV-1 associated neurocognitive disorders (HAND), URMC-099, a mixed lineage kinase-3 



inhibitor also modulates long-acting nanoformulated antiretroviral therapy (nanoART) 
biodistribution, pharmacokinetic and pharmacodynamics (PD) responses by sequestering ART 
particles in early, late and recycling endosomes. However, obstacles in the bench to bedside 
translation of nanoART remain including optimization of drug retention, ease of administration 
and toxicity for the nervous and reticuloendothelial systems. We demonstrated that decreased 
phosphorylation of JNK and changes in the trafficking of nanoART lead to reduced viral loads 
and increased CD4+ T lymphocyte in HIV-1 infected humanized mice. Since, JNK regulates 
mTORC1 and mTORC1 controls vesicular trafficking through Transcription Factor EB (TFEB), 
we hypothesized that URMC-099 can affect vesicular trafficking through TFEB. To test this 
notion we used human monocyte-derived macrophages (MDM) pretreated with nanoformulated 
atazanavir (nanoATV) and infected the cells with the HIV-1 Ada viral strain with or without 
URMC-099. Increased nuclear translocation of TFEB was observed by inhibition mTORC1 
following URMC-099 treatments. As TFEB regulates autophagy, we now show that increases in 
LC3B, BECN1 and decreased P62 by Western blot and qRT-PCR assays. Increased numbers of 
autophagosomes were seen following URMC-099 treatment that were decreased by inhibition of 
autophagy. Increased mitochondrial activity also followed URMC-099 treatment. NanoATV was 
increased in URMC-099 treated MDM and found specifically localized in LC3B 
autophagosomes. As autophagosomes are involved in HIV-1 assembly and maturation, increase 
in autophagy with retention of nanoATV in autophagosomes by URMC-099 facilitated viral 
clearance in MDM exposed to virus. Together, URMC-099 improves cell health, retains 
nanoART and facilitates HIV-1 clearance through induction of autophagy. As URMC-099 is a 
brain penetrant and have shown neuro protective activity, this finding opens up novel therapeutic 
strategies for URMC-099 for neuroAIDS. 

Disclosures:  D. Gnanadhas: None. P. Dash: None. Z. Lin: None. J.M. Puccini: None. H.A. 
Gelbard: None. H.E. Gendelman: None. S. Gorantla: None. 

Poster 

755. Computational Tools: Outcomes and Evaluations 

Location: Halls B-H 

Time: Wednesday, November 16, 2016, 8:00 AM - 12:00 PM 

Program#/Poster#: 755.01/NNN26 

Topic: I.06. Computation, Modeling, and Simulation 

Support: The Scientific and Technological Research Council of Turkey (TÜBİTAK), Grant No: 
EEEAG-115E257 

 Bogazici University BAP Grants #10XD3 

 Bogazici University Life Sciences and Technologies Research Center #09K120520 
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Abstract: Motor neuroprostheses aim to restore functions lost to disease or injury by directly 
communicating with the brain tissue. In the design of neuroprosthetic controllers, an input-output 
mathematical model, generally based on a filter (e.g. Kalman filter) is used conventionally to 
convert firing rates of recorded neurons into control commands for prosthetic actuators. Based on 
an input-output model or transform, information processing principles of these systems are 
fundamentally different from those of natural neural circuits. In this work, we present the 
Bioinspired Neuroprosthetic Design Environment (BNDE) which enables the development of 
neuroprosthetic controllers from a novel, more biologically plausible design perspective. The 
BNDE has been implemented to create neuroprosthetic controllers which are based on spiking 
neural networks (SNNs). The SNN-based controller in the present architecture receives 
simulated synaptic inputs from extracellularly recorded neurons and forms a hybrid biological/in 
silico neural network with the neuronal circuits of the user’s brain. 
We developed a new, adaptive neuroprosthetic controller using real-time closed-loop simulations 
to test the BNDE prior to its use in in vivo experiments. The controller consists of two model (in 
silico) medium spiny neurons, each of which receives simulated synaptic inputs from recorded 
motor cortical neurons. In the closed-loop simulations, the recordings from the cortical neurons 
were imitated using an external, hardware-based neural signal synthesizer. By implementing a 
dopamine-dependent spike timing-dependent plasticity (STDP) rule, the controller achieves 
perfect target reach accuracy for a two-target reaching task in one-dimensional space. 
The BNDE, developed around a PC equipped with an Intel Core i7-4790K CPU and RTAI 5.0 
(Real-time Application Interface for Linux), is capable of real-time simulation of 180 Izhikevich 
neurons receiving virtual synaptic inputs from external spike data resources through 32 data 
acquisition channels. 
In the BNDE, the spike events recorded from real neurons are directly forwarded to the SNN-
based neuroprosthetic controller. Since there is no spike binning process in the present system in 
contrast to the conventional neuroprosthetic systems, the information encoded by the timing of 
the spikes are also used by the controller. As spike timing plays a critical role in neuroplasticity 
and neuroprosthetic learning, the SNN-based neuroprosthetic controllers updating their 
parameters by simulating mechanisms of STDP may have superior adaptation performance than 
existing firing rate-based neuroprosthetic systems. 
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Abstract: The k-Nearest Neighbor (kNN)algorithm has been used for a wide spectrum of 
classification problems as predicting heart attack based on patient diet and clinical 
measurements, bank customer profiling based credit ratings and income, and text classification 
based on training documents of known categories. Features used for these classification 
applications are rather static or do not change rapidly with time. The timeframes could be in 
weeks for patient diet measurements, in months for credit card usage information, or in hours for 
text classification training documents. In contrast, intelligent decision making processes may 
require rapid information updates over multiple looks as fast as 1 update per second, or faster. 
An extension of multiple look in machine learning to how the brain might integrate and fuse 
dynamic information could be posed to answer the question: “Is it a bird or a plane?” Multiple 
look could be a natural process in the brain. This leads to consideration of the multiple look 
processes to handle noisy, scintillating data, or imperfect data, then using a simple instance-
based classifer as kNN to process a classifer result. In aerospace applications, radar kinematic 
data as distance, altitude, velocity, and acceleration can be used to classify different types of 
airborne vehicles as: helicopters, commercial passenger jets, crop dusters, or fighter jets. Proto-
type vectors of typical, measured, or theoretical kinematic data of these different types of 
airborne vehicles could be stored in a computer database. A radar sensor collecting and 
measuring kinematic information would form a kinematic data vector and the k-nearest 
neighboring known prototype vectors would be polled for a majority and the resulting airborne 
vehicle classified according to the majority of k-nearest prototype vectors. The update rate for 
radar kinematic being rapid could provide options to integrate multiple looks of input kinematic 
data vectors over a very short period of time to overcome system noise, scintillation, errors in the 
radar sensor, or errors in the kinematic measurement. In similar contrast, high range resolution 
feature data vectors of aircraft were combined in a multiple look integration [ Kahler and Blasch, 
2008 ] to distinguish between multiple moving targets in clutter. Similarly, the brain could be 
rapidly integrating multiple looks of data or sensor inputs in order to make timely, intelligent 
decisions. This poster examines the use of multiple look integration with the k-Nearest-Neighbor 



algorithm as a computational model for intelligent decision making in machine learning 
processes and artificial intelligence. 
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Abstract: To help keep pace with the publication rate in the biomedical literature, there is a need 
for machine-driven approaches to automated and semi-automated knowledgebase curation. Such 
techniques have been shown to be particularly useful for the identification of publications 
containing information of interest for neuroinformaticians who are curating knowledge bases for 
informing multi-level models of brain function. Although using such systems to classify and 
prioritize documents for curation workflows is not a new idea, there continues to be 
developments in scalable text analytic and graphical machine learning methodology that uncover 
the possibilities of new approaches to this problem. Here, we describe the implementation of a 
scalable cloud-based document classification pipeline for identifying publications in the 
neurosciences that contain novel information for a neuron morphophysiology knowledgebase. 
Our series of experiments describe the textual and graph-derived feature selection and machine 
learning algorithm optimization experiments that led to the best-performing system. Further, we 
describe the open source cloud architecture used to deploy this machine learning solution, and 
how it can be incorporated into a neuroscience research workflow. 
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Abstract: Objective. We elaborate on the algorithmic aspects of a closed-loop subthalamic 
nucleus (STN) deep brain stimulation (DBS) system for advanced Parkinson‘s disease (PD) and 
treatment-refractory obsessive-compulsive disorder (OCD), ensuring optimal performance in 
terms of both efficiency and selectivity of stimulation, as well as in terms of computational 
speed. Methods. Relying upon a series of methods robust to the presence of measurement noise, 
we first assess the presence of significant nonlinear coupling between beta and high-frequency 
subthalamic neuronal activity, as a biomarker for feedback control in the proposed closed-loop 
neuromodulation scheme. We then present a model-based strategy through which optimal and 
individually tailored parameters of stimulation for desynchronizing control of neuronal activity 
are being identified. Simulations are being performed utilizing microelectrode recordings 
(MERs) acquired during STN-DBS surgical interventions for PD and OCD. Results. Cross-
frequency coupling proves to be a potentially appropriate biomarker for feedback control in case 
of PD, but may display subject-specific applicability in case of OCD. We demonstrate the ability 
of the presented modeling approach to identify, at a relatively low computational cost, 
personalized stimulation settings potentially associated with a significantly higher efficiency and 
selectivity compared with stimulation settings determined during post-operative clinical 
management of patients with PD and treatment-refractory OCD. Conclusion. Together, our data 
provide strong evidence for the applicability of computational neurostimulation to the 



development of personalized stimulation protocols for the treatment of movement and 
neuropsychiatric disorders. 
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Abstract: This study discusses a mathematical model incorporating time delay effects in large 
biological neuronal nets. We use mathematical techniques, such as perturbation theory and 
linearization by parts, to handle the highly nonlinear equations describing biological neural nets 
in the presence of large propagation delays. We consider the possibility that these delays can be 
modulated, instead of assuming time invariant delays. We consider time-delay effects due to 
other effects such as gene expression, which may be relevant on how stimulus can be stored as a 
long term memory. We investigate the impact of signal propagation delays on increasing the 
cognitive capacity of biological neuronal nets and their complexity. Our model considers the 
interplay between energy efficiency, partitioning of cognitive and sensory functions in large 
neuronal structures, and time delays. We found that the presence of time-delays in neuronal nets 
actually increases the number of available states to represent knowledge and improve the 
cognitive capability of neuronal structures. Another interesting effect if the apparent 
impossibility to determine both the neuronal state values and their derivatives in time with 
precision simultaneously. This implies a trade-off between increased cognition capability when 
time delays are present, and decreased state observability. We conclude with an analysis on how 
the emergence of large time delays and their impact on energy consumption in animals may have 
influenced the evolution of the human brain. 
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Abstract: Cross Frequency Coupling (CFC) assesses the relationship between oscillatory 
activities in different frequency bands. The frequently applied phase-amplitude CFC estimates 
the statistical dependence between the phase of a low frequency oscillation and the amplitude of 
a high frequency oscillation and provides an index of effective integration of neural activities 
across different spatial and temporal scales. To date, CFC analysis has been mainly applied in a 
univariate fashion, namely, the high frequency amplitude and the low frequency phase are 
obtained from the same signal. In this work we considered phase-amplitude CFC between two 
different signals representing two different brain areas or neuronal ensembles. Assuming that the 
high frequency oscillatory amplitude reflects population spiking, therefore the output activity of 
a neuronal ensemble, and that the lower frequency oscillation reflects dendritic processing, 
therefore the input activity of a neuronal ensemble, we hypothesized that cross-area phase-
amplitude CFC may be used to infer the direction and strength of synaptic transmission. We 
tested our hypothesis by analyzing laminar recordings from the hippocampus of anesthetized rats 
during theta rhythm elicited by brainstem stimulation. The 16-channel multi-electrode (100um 
separation between contacts) spanned CA1, dentate gyrus (DG), and hilar regions. The layers 
were identified by perforant path evoked potentials. We found that (1) the amplitude of gamma 
oscillations in DG was significantly coupled to the phase of theta oscillations in CA1 and (2) the 
amplitude of gamma oscillations in CA1 was not significantly coupled to the phase of theta 
oscillations in DG. These results, suggesting a unidirectional synaptic transmission from DG to 
CA1, are consistent with the prediction of the trisynaptic pathway linking DG to CA1 (DG to 
CA3 to CA1) as well as Granger causality analysis of the same data. 
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Abstract: The development of large-scale network simulations of brain circuits strongly benefits 
from having a standardized data schema for representing the parameters of a network and of 
individual neurons. A standardized data schema creates a common interface between modeling 
tools and allows for the splitting of the network modeling workflow into separate consecutive 
steps: building, simulation, and analysis/visualization. Furthermore, standardization is crucial for 
model sharing and reuse, as well as collaboration between scientists using a diverse set of 
computational tools. 
Based on the needs of our research in the directions of biophysically detailed, point-neuron, and 
population-based network modeling, we have identified a number of essential requirements for 
network model representation. These are computational efficiency, scalability to large model 
size, simplicity (minimal need for external software tools), generality (allow for different levels 
of model detail), modularity (altering model components without affecting other aspects), human 
readability, and minimization of redundancy. Here we present progress in developing a network 
representation reflecting these principles. 
We utilized the relational (i.e., table-based) approach for representing parameters of network 
entities that are linked by keys. We have identified several network entities each of which are 
represented within individual tables, e.g. cells, cell models, connection types, connections, cell 
morphology and cell intrinsic electrophysiology properties. The rows in tables contain the 
instances of each entity and the columns contain their attributes. Most attributes in tables may be 
viewed as optional allowing for greater flexibility of the data schema. Similarly, the number of 
entities described by individual tables is flexible and accommodates a specific network’s level of 
detail. The data is stored on disk using either CSV or hdf5 file formats and is loaded into the 
memory as pandas data frames and numpy arrays, respectively. Concomitantly, we are working 
with the Blue Brain Project to arrive at an overall standardized network representation, which 
would meet joint modeling needs. 
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Abstract: Rationale: Several studies have highlighted the therapeutic potential of low-intensity 
light (near infrared) on various pathologies and neurodegenerative diseases such as Parkinson’s 
disease. This new therapy has led to the development of novel implanted optical fiber devices. 
These devices may generate heat, that would lead to an increase tissue temperature and 
subsequent damage. In this study, we present a high spatial resolution, high precision 
characterization of the thermal effects of active, implanted optical fiber devices in order to assess 
their safety. We used high resolution MR-thermometry that allows quantification of thermal 
variations in the animal brain, without any bias such as induced by a thermocouple. Methods: 
We tested a device specifically designed for low-light intra-cerebral laser therapy at 670 nm, 
with optical fibers designed for the delivery of light in deep regions of the rat and monkey brain. 
We measured temperature at several light powers at the fiber tip. Total amount of light, 
instantaneous power emission, illumination length and schedule and wavelength were varied. 
Using proton resonance frequency shift (PRFS)-based MR-thermometry (resonance frequency 
dependence to biological tissue temperature), high resolution (0.3 x 0.3 x 0.1 mm3) thermal maps 
were acquired during in vivo illumination in rat and monkey. Multi-slice MR acquisitions were 
performed using a 4.7 T Bruker imager. Results: We evaluated the temperature increase induced 
by varying optical powers applied at the end of the fiber. The objective was to determine optical 
powers that do not lead to a temperature increase above 2 °C. Preliminary data in rats showed 
that a 15 mW optical power did not cause a temperature increase above 2°C and mid-height 
energy was observed at a radius of about 1 mm, depending on the implanted anatomical structure 
Conclusions: MR-thermometry is an adequate method to precisely measuring in vivo deep brain 
thermal variations and allows thermal characterization of chronic implantable medical devices. 
The heat increase pattern was correlated to the light power delivered. 
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Abstract: During the last two decades, several studies have shown that the information extracted 
from EEG recordings of epileptic patients can improve understanding of spatiotemporal 
dynamics of seizures. These studies have specifically investigated the possibility of seizure 
prediction using nonlinear time series analysis of EEG with evidence for the existence of a pre-



seizure state. In this study, we evaluated the predictive ability of two nonlinear measures of 
correlation dimension (CD) and nonlinear interdependence (NI) for seizures in pediatric 
myoclonic epilepsy patients using scalp EEG recordings. The sample contained EEG recordings 
of 11 patients (4 females with the average age of 10.3±4.6 yrs) using the 10-20 scheme or its 
extended version. The data was collected at Shifa Neuroscience Research Center, Khatam ul 
Anbia Hospital, Iran, during the period of 2010 to 2015. For each subject, one myoclonic seizure 
is analyzed. The exact onset of seizures was determined by a neurologist. The time profile of CD 
& NI were derived for each channel (pair) using a windowing technique for a 65 min EEG data 
(60 min before and 5 min after seizure onset) - for two patients, a portion of total 65 min data 
was available. For NI, only local combinations of channel pairs were included. Also, for each 
channel pair, the average of two NIs calculated for that pair was used as a symmetrized measure 
of NI. Finally, in a 60 min time interval before seizure onset, the amplitude distribution of CD 
and NI in inter-ictal period was compared to that of pre-ictal period using Receiver Operating 
Curve (ROC) analysis, for five different pre-ictal periods of 5, 10, 15, 20 and 25 min. The same 
analysis was performed comparing 2 & 5 min periods after seizures with 60 min period before 
seizure. The analyses were performed for two different schemes of all channels & individual 
channels. Furthermore, the spatiotemporal patterns of nonlinear measures in clinically relevant 
areas of the brain were compared with other areas for each patient. The results showed that these 
measures can differentiate the pre-ictal phase from the corresponding inter-ictal phase. However, 
there was no specific general behavior in either the timing or the direction (increase / decrease) 
of the pre-ictal change amongst patients, except for the observed increase in clinically relevant 
areas for NI in 70% of the cases. This observations indicate the importance of patient-wise 
tuning of any automated system for seizure prediction as well as suggest further studies for better 
evaluation of NI using scalp EEG in pediatric myoclonic epilepsy patients. 
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Abstract: Ischemic stroke is one of the enigmatic neurological disorders with least understood 
injuries. Electroencephalography (EEG) has been traditionally used to detect residual neural 
dysfunctions after cerebral ischemia but have several shortcomings yielding controversial and 
inconsistent results. This study involves lyapunov exponent analysis of electroencephalographic 
signals that can provide clear information regarding the long lasting neural impairment in the 
subjects suffered from ischemic injury. We have collected the EEG time series data of the fronto-
parietal, occipital and temporal regions of three rat groups i.e. control, induced stroke and drug 
treated the rat brain. Lyapunov exponent is used to quantify the nonlinear chaotic dynamics of 
the signal. Furthermore, the distinct states of brain activity had different chaotic dynamics 
quantified by nonlinear invariant measures. It is generally estimated from the observed EEG time 
series data and that are used to confirm the chaotic nature of the EEG signals. The Lyapunov 
exponents are quantitative measure for distinguishing among the various types of orbits based 
upon their sensitive dependence on the initial conditions, and are used to determine the stability 
of any steady-state behavior, including chaotic solutions. Percentage recovery of signals from 
fronto parietal, occipital and temporal regions (all frequency bands) is analyzed. The lyapunov 
exponent was executed in Matlab platform. Our results clearly prove that Piroxicam is effective 
in reviving neuronal firing. This is the first ever finding which advocates the role of Piroxicam in 
neuronal firing apart from its other neuroprotective roles. Thus, the possibility of modulation of 
neuronal firing can act as a therapeutic strategy to prevent neuronal dysfunctions in cerebral 
ischemia. 
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Abstract: Myriad is a compartmental biophysical simulator designed to parallelize even 
“densely integrated” neuronal and network simulations (in which many compartments affect one 
another at every time step) for high-performance execution on multicore CPUs or on nVIDIA 
GPUs under CUDA. Hence, large models can be designed with dense analogue interactions (e.g., 
graded synapses, gap junctions, mass diffusion) rather than being constrained to event-based 
coupling because of hardware limitations. This is accomplished via code generation techniques 
transparent to end users, who do not need to facilitate parallelization in their model descriptions. 
Specifically, models are dynamically translated into a custom-designed minimal object 
framework for C99 that runs natively on nVIDIA GPUs as well as on CPUs. Consequently, the 
same model can be executed on CPU or GPU via a compiler option, and models are fully thread-
scalable to any number of available threads without user optimization. Dynamic parallelism on 
CPUs now is also supported via OpenMP, and asynchronous I/O support has been added to 
enable the concurrent streaming of data to storage, enabling simulations of indefinite duration. 
The C99 backend also has been refactored for greater efficiency. While the implementation layer 
is in C99 (with a custom-designed minimal object framework), users can design their Myriad 
models in any Python environment. Interface and display functions can use any Python-
compatible frameworks and tools, whereas model design per se utilizes a subset of Python 
established as Myriad’s domain-specific model description language (DSL). Within these DSL 
constraints, arbitrary user-defined functions and equations can be implemented. (Standard 
libraries will be provided for the established features of neural systems). The framework for 
high-level object construction in Python has been substantially expanded, and benchmarks for 
CPU and GPU simulations have been generated that demonstrate the efficiency of Myriad’s 
architecture. We also discuss the potential for the Myriad backend to support other simulation 
frameworks. 
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Abstract: Experiment-based models of neurons and neuronal circuits have grown increasingly 
complex since the early computational neuroscience work of Hodgkin and Huxley and Rall. 
Complexity potentially improves realism, but at the cost of reproducibility. ModelDB, founded 
in 1996, addresses this difficulty and enhances the scientific utility of computational 
neuroscience models by providing a convenient venue to share and discover model computer 
code associated with peer-reviewed publications. ModelDB now contains approximately 1100 
published models covering more than 130 research topics built using a wide variety of simulation 
software. It is actively curated and developed to help users locate and understand models of 
interest. For example, every model entry is tagged with searchable metadata about the biological 
system and phenomena that it addresses. ModelDB also provides mechanisms to assist running 
models both locally and remotely, and has a graphical tool that enables users to explore the 
anatomical and biophysical properties that are represented in hundreds of the model entries. Each 
of its capabilities, from the model entry submitting and editing forms that the modeling 
community uses, to the search engines used to find models, the metadata itself such as the 
curated list of neuron and cell names, as well as the topic keywords used to further describe the 
models, is undergoing continued refinement and improvement. 
Large research groups (Allen Brain Institute, Human Brain Project, etc.) are emerging that 
collect data across multiple scales and integrate that data into complex and numerous models. To 
support this new modeling paradigm, we have developed scripts to facilitate importing a large 
number of models. In the case of the Allen Institute models, our scripts produced a pure-
NEURON version that is shared in addition to the original version which uses the Allen 
Institute’s Software Development Kit. By using a semi-automated import process, not only are 
we able to reduce curation time, but we improve consistency and quality: the quality improves 
because advanced features like interactive results graphs for the readme can be developed once 
and used for all, making a low per-model investment in feature support. We are developing 
strategies to ensure that models from these large groups are individually discoverable while 
simultaneously ensuring that they do not impair the discovery of the contributions of other 
researchers. 
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Abstract: Computational methods are now firmly embedded in neuroscience as techniques for 
extending experimental observations into predictive models. The ModelDB repository, home to 
over 1000 published neuroscience models, is a resource for sharing code, reducing the work and 
risk for creating new models. With the growth of ModelDB, it has become increasingly 
important that researchers can submit and locate models as efficiently as possible. To aid model 
discovery, submitters are asked to provide categorized metadata (cell type, brain region, ion 
channels, etc) describing their model. Unfortunately, this approach imposes a time burden on the 
submitter, and it risks an incomplete set of metadata due to misunderstandings or insufficient 
time. The ModelDB curator can also provide this metadata, but that shifts rather than eliminates 
the difficulty. To reduce the metadata entry time and to increase metadata completeness in both 
new and existing models, we have developed a tool that automatically makes suggestions for 
ModelDB metadata based on the abstract of a model’s accompanying paper. Of the ModelDB 
abstracts we have tested as of our survey date, there were 1353 two-word phrases, 203 three-
word phrases, 17 four word phrases, and 1 five word phrase appearing in the abstracts for at least 
five model papers. Repeated phrases like these often matched to neuroscience concepts. For 
example, the most common four word phrases were “spike timing dependent plasticity”, “long 
term potentiation ltp”, “timing dependent plasticity stdp”, “cell patch clamp recording”, and 
“deep brain stimulation dbs”. We augmented this list of phrases with phrases identified as 
statistically correlated with given database metadata concepts and those identified by manual 
review of abstracts. Our suggestion tool uses generalized regular expression rules developed 
from this list of phrases, where the rules map generalized regular expressions to ModelDB 
metadata terms. Using this tool we were able to improve the completion of the existing 
ModelDB metadata fields, which will enable support for an increased number of searchable 
identifiers. This tool may have general applicability to enhancing searches for relevant metadata 
in neuroscience publications. 
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Abstract: Traumatic brain injury (TBI) impacts the lives of over 2.2 million children and adults 
each year. Of additional concern are those that suffer more mild TBI, often not seeking medical 
attention, and minimizing the epidemiology of TBI. After the mechanical forces injure the brain, 
cellular processes include hemorrhage, edema, and inflammation that go on to exacerbate 
cellular damage. Microglia, brain immune cells, are constitutively active and finely attuned to 
change in the microenvironment surrounding neurons and glia. A hyper-ramified morphology 
represents microglial surveillance transitioning in response to first signs of pathophysiology and 
injury. Severe focal TBI results in rapid microglia de-ramification and amoeboid morphologies 
proximal to the lesion. However, following experimental diffuse brain injury, a model of mild 
TBI, amoeboid microglia are rarely observed and instead microglial hyper-ramification, 
activation, and rod morphology are observed across cortical regions by day 7 post-injury. Our 
purpose here was to map the spatiotemporal changes in microglial ramification after diffuse 
brain injury using a computer-automated, quantitative skeleton analysis. Rats were subjected to 
midline fluid percussion injury and tissue was harvested at 1, 2, 7 or 28 days post-injury (DPI; n 
= 3 per time point). Microglia were visualized by Iba-1 immunohistochemistry and captured on 
40x digital photomicrographs. Images were processed using ImageJ protocols to visualize all 
microglia soma and process as binary and then skeletonized representations prior to Analyze 
Skeleton plugin and morphology data collection (number of microglia process endpoints/cell and 
process length/cell). The number of microglia endpoints/cell were decreased by ~30% (p<0.05, 
vs sham) in the injury site and beneath the temporal ridge at 1, 2, 7, and 28 DPI; microglia 
endpoints/cell were decreased in remote cortex only at 28 DPI (p=0.03). Also, summed microglia 
process length/cell was decreased at 7 and 28 DPI in the injury site and beneath the temporal 
ridge (p <0.05). Summarizing all data, we reveal spatiotemporal change in microglia process 



length/cell (2-way ANOVA region: F (2, 24) = 28.8, p < 0.0001; time F(3, 24) = 4.9, p=0.008, no 
interaction) and a regional change in the number of endpoints/cell (region F (2, 24) = 14.6 p < 
0.0001; time F(3, 24) = 2.4 p = 0.09; no interaction). By applying a skeleton analysis method to 
quantify microglia ramification, we reveal that microglia de-ramification occurs 1 day post-
injury and progresses to remote areas over a 28 day time course. Skeleton analysis provides a 
quantitative approach to evaluate anti-inflammatory therapeutic efficacy. 
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Abstract: Digital reconstructed neural circuit helps us acquire the structural information of 
brain, and have a better understanding of how brain works. Reconstruction of single neural tree 
is one of the most important steps to reconstruct digital neural circuit. With the progress of 
sparse labeling and imaging technology, we obtain whole mouse imaging datasets with sparsely 
distributed neurons at micron spatial resolution. These neuron imaging datasets show us the fine 
structure of single neuron eliminating the adjacent signals interference, which makes it possible 
to fast reconstruct single neuron at brain-wide scale. Considering the size of the original datasets 
is more than 10 TB, manual reconstruction of a single neuron is labor intensive and time-
consuming. Here we report a novel method of single completed neuron reconstruction 
introducing machine learning and big data technology. Assisted by only a few human 
interventions, our method can reconstruct the sparsely distributed neuronal trees at brain-wide 
scale within several hours 10 times faster than manual reconstruction. 
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Abstract: In spiking neuronal networks perfectly consistent repetitions of the same global 
propagation pattern are called a synfire chain. For any set of spike trains the questions arise how 
closely it resembles such a synfire chain and which are the spike trains that lead/follow. Here we 
address these questions and introduce an algorithm based on two new indicators (termed SPIKE-
Order and Spike Train Order) that allows to sort multiple spike trains from leader to follower and 
to quantify the consistency of the leader-follower relationships for both the original and the 
optimized sorting. 
We illustrate our new method using spike train recordings from a neuronal network exhibiting 
Giant Depolarized Potentials. In the first analysis step we apply the adaptive coincidence 
detection originally proposed for the bivariate measure event synchronization [1] to act as match 
maker and to pair spikes such that each spike is matched with at most one spike in each of the 
other spike trains. We assign two bivariate order indicators to each spike. The SPIKE-Order 
distinguishes leading and following spikes, whereas the Spike Train Order evaluates the order of 
spike trains and allows to sort spike trains from leaders to followers. From these indicators we 
can define the Synfire Indicator which quantifies to what degree the unsorted spike trains 
resemble a perfect synfire chain. Since this Synfire Indicator is dependent on the order of spike 
trains we can search the permutation space of all spike trains to search for the order which results 
in the highest Synfire Indicator for the sorted spike trains. In a final step we evaluate the 
statistical significance of the results using a set of carefully constructed spike train surrogates. 
The algorithm is distinguished by conceptual simplicity, flexibility, low computational cost, and 
universality (parameter-free and time-scale adaptive). While here we present an application to 
neuronal spike trains, the algorithm is very generic and applicable to any kind of discrete data. 
Together with previous measures ISI-distance, SPIKE- distance and SPIKE Synchronization 
[2,3], SPIKE-Order is implemented in both the Matlab-based graphical user interface SPIKY and 



the Python library PySpike [4]. 
1. Quian Quiroga R, Kreuz T, Grassberger P. Phys Rev E 66, 041904 (2002). 
2. Kreuz T, Mulansky M, Bozanic N. JNeurophysiol 113, 3432 (2015). 
3. Mulansky M, Bozanic N, Sburlea A, Kreuz T. IEEE Event-based Control, Communication, 
and Signal Processing 1 (2015) 
4. Source codes of SPIKY and PySpike are available at 
http://www.fi.isc.cnr.it/users/thomas.kreuz/sourcecode.html and 
https://github.com/mariomulansky/PySpike, respectively. 
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Abstract: Comprehensive classification of the numerous categories of neuronal cell types is an 
essential step in understanding the composition and functional properties of neuronal networks, 
as well as allowing for the precise manipulation of cellular activity using optogenetic techniques. 
Recently, several studies have examined the efficacy of using a combined data set consisting of 
both the morphological and electrophysiological properties of neurons to perform computational 
classification of cell types, and have come to conflicting conclusions about the value of utilizing 
both feature types for classification. 
In the present study, we use data from the Allen Brain Atlas cell types database, which provides 
both electrophysiological recordings and reconstructions of a large number of cells in the mouse 
visual cortex, and morphological features calculated using the L-Measure software. We 
examined the impact of using this combined morphological and electrophysiological data set to 
classify neuronal cell types, and the level of class refinement that can be achieved by employing 
this combined feature set compared to a single feature type. 



Results so far suggest that both the morphological and electrophysiological features provide 
important structure in this data set. These features do not produce a clear separation of cells by 
cortical layer, however, using Ward's hierarchical clustering method on the combined feature set, 
we can reliably differentiate between excitatory and inhibitory cells in the mouse primary visual 
cortex with over 90% accuracy (n=140 cells). Our analyses also show that strong correlations 
exist between certain morphological and electrophysiological features, and we explore which 
electrophysiological features are most tightly constrained by the underlying anatomical 
properties of a neuron. 
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Title: Neural network hidden layer units may model cortical neuron responses 
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Abstract: Connectionist or ‘deep learning’ neural networks, substrates for classifiers in both 
neural and artificial systems (Gardner, D. 1993, The Neurobiology of Neural Networks, MIT 
Press), are characterized by hidden layers. These leverage all-to-all or random connectivity and 
synaptic learning rules to instantiate intermediary representations of stimuli, serving as essential 
links between primary sensory information and object- or place-based or salient recognition and 
perception. 
Both cortical and subcortical processing of sensory information may include distributed 
processing similar to that performed by hidden layers and units of such artificial neural networks. 
In 1989, neural network models were invoked to represent both transformation (Bankman, 



Johnson and Hsiao) and plasticity (Grajski and Merzenech) in somatosensory systems. 
Subsequently, the neural network paradigm has been applied to sensorimotor behavior (Fetz 
1993), magnetic fields evoked by somatosensory stimulation (Mauguiere et al 1997), the gate 
control theory (Melzack 1999), stationary vs. moving stimuli (Roy and Alloway 1999), and 
somatosensory working memory (Miller, Brody, Romo and Wang 2003). 
Application of the neural network model may thus aid analysis of sensory representations. A 
parallel sensory system in Drosophila confirms the cross-phyla and cross-modality relevance of 
neuronal hidden layers. Here, Kenyon cells (KC) form a large hidden layer between input 
olfactory receptors and mushroom body output neurons (MBON). Caron, Ruta, Abbott and Axel 
(2013) reported that KCs receive random inputs from olfactory and odor-coded sensory 
glomeruli; they note this scheme is well suited for imposing learned valence on odors that lack 
innate hard-wired behavioral responses. Aso et al (2014) explicitly described a ‘multi-layer 
feedforward readout network’ of MBONs, extended by Hige et al (2015a,b). 
Informing mammalian vision, Yamins and DiCarlo (2016) reviewed evidence that hierarchical 
convolutional networks, trained for visual object categorization, evolve firing patterns like 
cortical V4 and IT neurons. 
Supporting tests of the relevance of this hidden-layer model for sensory processing, we offer 
STAToolkit, a set of information-theoretic tools (Goldberg, D.H. et al 2009, Neuroinformatics 7: 
165 - 178). STAToolkit analyses of spike trains can reveal if these are consistent with a view of 
cortical neurons as hidden distributed-processing units that also incorporate biological 
variability. 
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Title: Measures of spike train synchrony: Defining a minimum time scale for the ISI- and the 
SPIKE-distance 
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Abstract: Over the years many different methods have been developed in order to quantify 
similarity of spike trains. For example, the Victor-Purpura [1] and van Rossum [2] metrics 
describe spike train (dis)similarity based on user-given time scales. The main drawback of these 
measures is the fixed time scale, since it sets a boundary between rate and time coding for the 
whole recording. This means that the result depends on the user input and the measures do not 
perform well if the spike trains contain more than one time scale. 
These drawbacks have been eliminated in the time scale independent ISI-distance [3] and 
SPIKE-distance [4] by Kreuz et al., since these methods adapt to the local firing rate. However, 
while they identify correctly the relative firing rate differences, they have no concept of actual 
time scales. Especially in the presence of bursts this may lead to situations, where the time scale 
independence identifies small deviations from perfect synchrony as highly dissimilar. 
Here we propose an extension to the existing ISI-distance and SPIKE-distance that is based on 
using a minimum relevant time scale (MRTS). This extension starts to gradually ignore 
differences in ISI that are smaller than the MRTS. The MRTS can be a parameter, but we also 
introduce a method for estimating it directly from the data. We perform a pairwise analysis on a 
library of stereotypical spike trains to show that the correction addresses the shortcomings of the 
original measures without introducing any side effects. 
In summary, our new extension allows for a more accurate estimation of similarity with certain 
types of neuronal data. Especially in the presence of bursts the new version has the advantage of 
being able to disregard the differences that are too small for the time scales of the underlying 
system. Together with another new measure SPIKE Synchronization [5,6], all measures are 
implemented in both the Matlab-based graphical user interface SPIKY [7] and the Python library 
PySpike [8]. 
[1] Victor JD and Purpura KP. Journal of Neurophysiology 76(2):1310 (1996) 
[2] van Rossum M. Neural Computation 13(4):751 (2001) 
[3] Kreuz T, Haas JS, Morelli A, Abarbanel HDI, Politi A. J Neurosci Methods 165, 151 (2007) 
[4] Kreuz T, Chicharro D, Houghton C, Andrzejak RG, Mormann F. J Neurophysiol 109, 1457 
(2013) 
[5] Kreuz T, Mulansky M, Bozanic N. JNeurophysiol 113, 3432 (2015). 
[6] Mulansky M, Bozanic N, Sburlea A, Kreuz T. IEEE Proceeding on Event-based Control, 
Communication, and Signal Processing 1 (2015). 
[7] http://www.fi.isc.cnr.it/users/thomas.kreuz/sourcecode.html 
[8] https://github.com/mariomulansky/PySpike 
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Title: Constraints and spandrels of inter-areal connectomes 
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Abstract: Understanding the principles of connectome organization is a grand challenge in 
systems neuroscience. Recently, module hierarchies and rich clubs have been described as two 
such organizational principles. Module hierarchies are nestings of smaller modules within larger 
modules, and are thought to enable complex brain dynamics by facilitating diverse functional 
states. Rich clubs are densely intra-connected groups of hub areas, and are thought to provide a 
backbone of functional integration. The prevailing paradigm underlying these discoveries, the 
cost-efficiency paradigm, postulates that hierarchies and rich clubs arise from competing 
pressures for wiring cost and information processing efficiency, in contrast to connectome 
modules, which arise primarily from wiring-cost pressures. Here we describe constraint network 
modeling, a distinct approach to the study of connectome organization. Our approach is based on 
constraining empirically observed - and therefore a priori biologically valid - connectome 
features, and on the study of the effect of these constraints on connectome organization. The 
presence of higher-order, not explicitly constrained, features in constraint network models, 
implies that such higher-order features are structural by-products, also known as spandrels, of the 
a priori specified constraints. Our results challenge the cost-efficiency paradigm of connectome 
organization in current gold-standard mouse and Drosophila inter-areal connectome 
reconstructions. Firstly, the results refute the determinacy of wiring-cost constraints on module 
organization, and show that hierarchies and rich clubs are structural by-products or spandrels of 
basic connectome organizational features. Secondly, the results imply that the currently standard 
literature reports of simultaneously present connectome modules, hubs, hierarchies and rich 
clubs are based on circular analyses. Finally, the generality and biological validity of constraint 
network models allows the future study of connectome organization in a more direct and 
principled way. 
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Title: Building an active digital atlas for the mouse brainstem 
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Abstract: Anatomical maps play an essential role in the deconstruction of neuronal circuits. We 
aim at creating a digital atlas, with near-term focus on the mouse brainstem. The digital atlas 
allows us to form the mean position of brainstem nuclei, defining the notion of an average brain 
and the variations about it. This is essential as a framework to compile anatomical and functional 
measurements across experiments and experimental groups, including tracing studies of neuronal 
connections, electrophysiological recording studies of the action of neurons in different areas, 
and anatomical studies of different cell types. Further, the digital atlas is a guide to stereotaxic 
surgery and the placement of brain activity probes. Our atlas is an active atlas. Unlike a 
traditional graphic atlas, an active atlas is a software system that automatically maps image series 
of a brain to a standard coordinate system. It provides an anatomical reference model with 
position statistics of major structures computed from many subjects. It also contains texture 
detectors for salient regions like nuclei and tracts, which are used as landmarks for registration. 
Most importantly, it is updatable from new data to improve the estimate of position statistics; by 
mapping with the reference model, structure annotations are automatically transferred to new 
images, augmenting training examples for landmark detectors. Our data-driven approach (figure) 
builds an active atlas starting with images of 11 Nissl-stained Cryo-Jane sectioned brains. The 
reference model is bootstrapped by three annotated brains. For a new brain, the images are 
rigidly aligned, detectors are then applied to the images to generate a set of score volumes for 
different structures, and these are used to compute a global alignment that maps the reference 
model to the subject volume. Each structure in the model is then separately adjusted to better fit 
the subject, resulting in automatic annotations. Data from animals with labeled cells and/or cell 
types are then mapped back to the atlas coordinate system, allowing the position statistics to be 
computed. 
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Title: Spatio-temporal classification of neural activity patterns in dynamic brain imaging data 
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Abstract: Neural activity patterns observed in dynamic brain imaging data hold the clue to the 
mechanism of information processing in the brain. However, quantitative analysis or 
classification of these patterns has been considered as a challenging task, due to the nonlinearity 



and complexity of neural activity patterns. Here we suggest a novel method of pattern 
classification that can represent both geometric structure and dynamic propagation of neural 
activity. We show that our method can successfully classify activity patterns in various types of 
imaging data, such as voltage-sensitive dye imaging (VSDI) and intrinsic optical signals imaging 
(IOSI) data. 
To describe respectively the geometric structure and the propagation dynamics of activity 
patterns, we defined the geometric and dynamic profiles of spatio-temporal activity pattern. The 
geometric profile represents the information of size, amplitude and contour shape of activity, 
while the dynamic profile provides the information about propagation trajectory and degree of 
dispersion of activity. 
We hypothesized the geometric and dynamic profiles can successfully classify different aspects 
of activity patterns in experimental imaging data. To test this, we tried to categorize VSDI and 
IOSI data of whole brain activity from Alzheimer (AD) and normal mouse groups. Using our 
geometric and dynamic profile analysis, we could hierarchically cluster the activity patterns from 
the paired correlation between the profiles of single pattern. As a result, the activity patterns of 
AD and normal mouse group appeared significantly separated clusters. This result suggests that 
our classification method can readily distinguish different dynamics of complicated activity 
patterns. 
Our method provides an intuitive description of complex activity patterns and enables us to 
classify dynamics of various brain states effectively, which is generally applicable to various 
types of brain imaging data. 
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Abstract: Information in the brain is encoded in spiking activity of neural populations. However 
the number of activity patterns that a population can generate increases exponentially with the 



number of neurons. The maximum entropy method provides a principled way to describe the 
population activity using a tractable amount of parameters. This method successfully explained 
stationary spiking activity of neural populations by using less features, such as spike-rates of 
individual neurons and interactions among pairs of neurons, than the number of possible activity 
patterns. Modeling activity of cortical circuitries in vivo, however, has been challenging because 
both, the spike-rates and interactions, can change according to sensory stimulation, behavior, or 
an internal state of the brain. To capture the non-stationary functional network activity, a state-
space framework was suggested to model dynamics of the neural interactions (Shimazaki et al. 
PLOS Comp Biol, 2012). However, based on exact analysis, the method suffers from 
computational cost; therefore its application was limited to only ~15 neurons. Here we introduce 
multiple analytic approximation methods to the state-space model, and make it possible to 
estimate dynamic pairwise interactions of up to 30 neurons. More specifically, we applied the 
pseudolikelihood approximation to the neural interaction model, and combined it with the TAP 
mean-field or Bethe approximation methods to carry out sequential Bayesian estimation of the 
model parameters. We found that belief propagation algorithm finds the solution of the Bethe 
approximation fast, and the provided solution is more precise than the TAP method. However, 
the belief propagation method sometimes fails to converge to a unique solution. Here we propose 
a hybrid method in which we use an alternative approach, the concave convex procedure (CCCP) 
that guarantees convergence, when a solution was not found by belief propagation. We compare 
the performance of these methods using simulated data, and demonstrate applicability of the 
method to experimental data recorded from awake animals. In addition to the time-varying 
interactions, the method allows us to investigate dynamics of global properties of recorded 
networks, such as entropy or sparsity of the population activity. 
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Title: Changes in spatiotemporal network dynamics during learning 
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Abstract: In order to function properly, the brain must operate in a dynamical regime which 
facilitates appropriate behavioral response to incoming stimuli. Such spatiotemporal dynamics of 
the brain are often quantified as functional connections between neurons using various statistical 
metrics on the available neural activity. Additionally, many studies have shown that neural 
networks of the brain exhibit phase transitions in activity; at a critical point along this transition, 
neural activity arranges as neuronal avalanches, where the probability of observing large events 
of consecutive activity follows a power law relationship with specific slope. In this study, we 
investigate the correlation between functional connectivity motifs, network proximity to a critical 
point, and their collective relationship to learning behavior. Using a simulated attractor neural 
network based on the Hopfield formalism, we change the system proximity to a critical point by 
varying a control parameter and show that training the network to store a new memory causes 
specific changes in functional connectivity only when the system resides near a phase transition 
in activity. Further, we analyze the spatiotemporal dynamics of hippocampal CA1 activity in 
mice undergoing contextual fear conditioning (CFC). Mice experiencing CFC show an increase 
in contextual freezing behavior after a single training trial. We examine the functional 
connectivity of these biological neural systems using the average minimum distance (AMD) 
metric of detecting statistically relevant coincident spiking between neurons, then, using cosine 
similarity between these AMD functional connections, we measure stability of these functional 
representations. We also measure the changes in the avalanche statistics. We show that learning 
novel information on one hand stabilizes functional representations in the hippocampus while on 
the other hand increases the spread of spiking avalanches in the network. Taken together, these 
results indicate that contextual learning imposes specific changes on the spatiotemporal network 
dynamics, affecting the functional connectivity of hippocampal nodes as well as neural 
population avalanche distributions, both of which may be used as reliable indicators of expected 
biological function. 
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Abstract: Structural connectivity (SC) between two locations in the brain indicates that these 
locations have physical white matter tracts connecting them, as visualized using structural MRI. 
Functional connectivity (FC) between two locations in the brain indicates that these locations 
have temporally correlated neural activity, as visualized by fMRI. Brain regions with FC are 
organized into large-scale networks that are involved in daily tasks. Data-driven examinations of 
SC-FC relationships in the brain have revealed that direct SC is generally predictive of FC, but 
that FC is not necessarily predictive of direct SC. These results suggest that SC-FC relationships 
are not one-to-one but highly complex. In order to elucidate the SC-FC relationships within brain 
networks, we conducted novel tests of these relationships using a hypothesis-driven, region-of-
interest (ROI) approach. To do so, we employed the recently reported UManitoba-JHU 
Functionally-Defined Human White Matter Atlas, which provides group probability maps of 
white matter regions underlying six resting state networks, including the dorsal and ventral 
default mode, left and right executive control, and anterior and posterior salience networks. The 
current study utilized 3T MRI data (diffusion tensor imaging [DTI]; Myelin Water Imaging 
[MWI]; and resting-state fMRI) from 32 neurologically-healthy adults. For SC, subject mean 
diffusivity (MD) and fractional anisotropy (FA) maps were calculated from the DTI data, and 
myelin water fraction (MWF) maps were calculated from the MWI data. Using these novel 
atlases, we then created maps of each ROI-to-ROI combination in each network that allowed us 
to extract the corresponding FA, MD and MWF values for each combination. For FC, a pre-
existing functional atlas was used to extract the corresponding FC values from the same ROI 
combinations, based on spontaneous blood oxygen level-dependent changes as measured using 
resting-state fMRI. For SC-FC relationships, we tested whether each SC measure (FA; MD; 
MWF) was correlated with FC between the same functional regions and across subjects. Certain 
ROI-to-ROI combinations in each network were identified as having strong SC-FC correlations, 
and patterns emerged among the most highly correlated regions within each network, suggesting 
their potential roles as network hubs. Finally, we established normal SC-FC relationships within 
these networks, thus allowing us to establish a baseline for future clinical studies involving 
abnormal relationships in patient populations. 
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Title: Diffusion MRI in the non-human primate at 3T: a direct comparison of multi- vs. single-
shell acquisitions 
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Abstract: In recent years diffusion MRI (dMRI) studies have advanced from relatively few 
number of gradient directions acquired with a single diffusion weighting to more complex multi-
shell acquisition schemes and reconstruction methods (Tuch 2004; Tournier et al. 2004; Behrens 
et al. 2007; Wedeen et al. 2008; Aganj et al. 2010; Jbabdi et al. 2012). Here we asked whether a 
multi-shell scheme can improve accuracy of tractography through complex white matter 
architecture in the in-vivo non-human primate (NHP) model compared to a single-shell scheme 
with a similar density coverage and acquisition time. 
Initial datasets were acquired at a Siemens MAGNETOM 3T Prisma scanner in the same animal 
under anesthesia with a 5-channel transmit/receive coil system using single-shell and 3-shell 
acquisition schemes (270 directions, b= 1000 s/mm2 versus 90 unique directions per shell, b= 
1000, 2000, 3000 s/mm2). All other acquisition parameters were kept identical (TR= 9500ms; 
TE= 86ms; IPAT= 2; in-plane resolution= 0.8mm; slice thickness= 0.8mm). Recommendations 
provided by the Human Connectome Project (Sotiropoulos et al. 2013) were followed closely 
(e.g. interleaved acquisition schemes, polarity reversed slice select gradients for fat suppression, 
left-right and right-left phase encode directions to eliminate susceptibility distortions, monopolar 
diffusion encoding to reduce TE). Data were acquired twice under reversed phase-encoding to 
correct for susceptibility-induced distortions with FSL’s topup tool (Andersson et al. 2003), and 
corrected for eddy current-induced distortions with FSL’s eddy tool (Andersson & Sotiropoulos 
2016). Both datasets were reconstructed with FSL’s bedpostx tool (“zeppelin” axially symmetric 
tensor model with 3 fiber populations per voxel) (Sotiropoulos et al. 2015 ISMRM). 
Reconstructed datasets were imported to DSI-Studio (http://dsi-studio.labsolver.org) for 



streamline tractography or FSL’s probtrackx for probabilistic tractography. 
Preliminary results suggest that the reconstructions of both the high-density single-shell dataset 
and the multi-shell dataset successfully modeled voxels with 2-fiber crossings throughout much 
of the white matter. However the multi-shell scheme allowed for detection of more voxels whose 
diffusion signal could be accounted for by 3 fiber orientations. Most of these voxels were found, 
as expected, in the centrum semiovale of the white matter, but remained quite sparse. Future 
plans include performance of tractography through the region as well as further improvements in 
acquisition (e.g. denser multi-shell coverage over longer periods of scan time). 
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Abstract: When recordings from multiple electrode arrays, ECoG, EEG, or MEG are used to 
establish functional connectivity across two or more brain regions, multiple signals within each 
brain region must be combined. If, for example, signals across multiple electrode arrays in each 
of two regions are examined, the problem is to describe the multivariate relationship between all 
the signals from the first region and all the signals from the second region, as it evolves across 
time, during a task. While it is possible to take averages across signals, or across numerical 
summaries of pairwise interactions, this averaging may lose important information. We have 
investigated an alternative approach, which is capable of finding multivariate interactions among 
signals that are highly non-stationary due to stimulus or behavioral effects. For a single 
stationary time series in each of two brain areas statistical tools such as cross-correlation and 
Granger causality may be applied. On the other hand, to examine multivariate interactions at a 
single time point, canonical correlation, which finds the linear combinations of signals that 
maximize the correlation, may be used. However, an implementation of vanilla canonical 
correlation analysis to multivariate signals across time points inevitably fails to regard time as a 
special variable. The method we have developed produces interpretations much like these 



standard techniques and, in addition, (a) extends the idea of canonical correlation to 3-way arrays 
with one dimension indexed by time (and the others by number of signals given and number of 
trials), (b) allows for non-stationarity, (c) also allows for nonlinearity, (d) scales well as the 
number of signals increases, and (e) captures predictive relationships, as is done with Granger 
causality. We demonstrate the effectiveness of the method through simulation studies and 
illustrate with MEG data. 
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Title: Detection of predictive spike patterns with products of generalised linear models 
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Abstract: How neuronal circuits encode information into spikes has been a central question in 
neuroscience. It has been hypothesized that not only firing rates of single neurons but also 
spatiotemporal spike patterns possess information. Experimental studies have reported repeatedly 
observed spike patterns both in vitro and vivo. Computational studies have proposed candidate 
mechanisms underlying those spike patterns. The statistical significance of those spike patterns 
has often been quite controversial, however, and their functional role is still elusive. This is 
partly because there is a technical difficulty in identifying a combination of spikes whose 
coincidence has a large predictive value. This difficulty arises from the fact that the number of 
candidate combinations grows exponentially with respect to the number of the observed neurons 
and the length of the examined time interval.To address this issue, we consider products of 
generalised linear models. In this model, each basis function represents a predictive value of a 
spike of a specific neuron at a specific timing and hence products of these functions represent 
that of coincident spikes. Although estimation of parameters in this model is a highly non-
convex problem, we derive a convex algorithm for this estimation. Then, under a suitable 



assumption of sparseness, we prove that the estimated values of the parameters converge to the 
optimal values as the amount of the observed spike train is increased. We also show numerically 
that the proposed algorithm successfully detects predictive spike combinations. 
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Abstract: Dynamic neural information can be encoded in functional brain networks but these 
dynamics can change with time, task, and brain state. Multilayer networks form a novel 
framework for encoding time dependent information and can be used to monitor and track 
evolving network structures. Recently it has been shown that community detection (or 
clustering) with a generalized multilayer modularity function is possible, but the results of such 
clustering are highly parameter dependent. Due to this sensitivity with respect to the parameters 
of the clustering algorithm, one must question how to optimize the choice of parameters for a 
given data set. This concern is particularly salient in data in which state changes are present, as 
would be expected in neural systems, since an abrupt change in system dynamics can result in a 
change in network structure. In order to address this concern, we use synthetic neural data to 
investigate the sensitivity of this method to the presence of noise and state changes in functional 
brain networks. We present results detailing the performance of the clustering algorithm with 
respect to the choice of parameters and provide recommendations for how to choose algorithm 
parameters to best represent community structure in noisy data in which state changes are 
present. 
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Abstract: Gaussian white noise is highly prevalent in human environment, from 
telecommunication to synaptic transmission in the brain. Detection of signal against white noise 
is typically based on measures of non-Gaussianity such as skewness or kurtosis of the samples’ 
distribution. These measures for non-Gaussianity are particularly useful in the context of 
Independent Component Analysis for fMRI data. The success in unraveling the ICA mixing 
matrix depends on the match between the type of non-Gaussianity incorporated in the ICA 
algorithm, and the non-Gaussianity in the data. In this work, we propose ‘Momentum’: a novel 
approach to non-Gaussianity, based on a combination of all central moments of the samples 
distribution. We argue that this is an efficient method for signal detection in case we have no 
prior information about the spectral properties of the signal. If we do not know the frequency 
content of the hypothetical signal, time order of the samples does not matter to the signal 
detection, and the only information which can be used to answer the question is the statistical 
properties of the samples’ distribution. Furthermore, the Gaussian white noise has a unique 
characteristics in terms of the central moments. Let us assume the noise time series is 
normalized. Then, its first moment (the mean) is equal to zero, second moment (variance) is 
equal to one, third moment (skewness) is equal to 0 etc. All the higher central moments of the 
Gaussian distribution are also fixed and can be easily obtained analytically. Therefore, 
aggregating higher order central moments together as one measure of nonGaussianity (or, in 
other words, measure of aberrance from Gaussianity) can bring high discriminability for the 
noisy signal. 
In order to evaluate the method against the other methods for signal detection, we sampled a few 
types of signals often encountered in the environment: (a) a number of single events (governed 
by a Poissonian process); (b) a train of on- and off- states (governed by a Poissonian process); (c) 
a sinus function; (d) a mixture of sinus functions of a few frequencies. For each signal in our 
testing set, we compared the results against the null distribution. Our results suggest that for the 
selection of tested signals, Momentum is the most sensitive detection method. We conclude that 
Momentum is a powerful method for the signal detection, and the optimal method in case we do 
not have a prior information about the power spectrum of the signal. It is not only a promising 



improvement to the ICA algorithms, but can also have implications to a broad variety of 
disciplines, from telecommunication to seismology. 
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Title: Light-sheet microscopy of brain vascular image enhancement based on gradient adjust 
with split bregman 
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Abstract: Light Sheet Microscopy (LSM) is a high-resolution fluorescence microscopic 
technique which enables to observe the mouse brain vascular network clearly with 
immunostaining. However, micro-vessels are stained with few fluorescence antibodies and their 
signals are much weaker than large vessels, which make micro-vessels unclear in LSM images. 
In this work, we developed a vascular image enhancement method to enhance micro-vessel 
details which should be useful for vessel statistics analysis. Since gradient describes the edge 
information of the vessel, the main contribution of our method is to increase the gradient values 
of the enhanced image to make the micro-vessels contrast. Meanwhile, an optimum problem 
whose solution was the final enhanced image with increased gradient values was formulated by 
designing an energy function. Our method contained two steps: 1) calculate the gradient image 
of LSM image, and then amplify high gradient values of the original image to enhance the vessel 
edge and suppress low gradient values to remove noises. Then we formulated a new L1-norm 
regularization optimization problem to find an image with the expected gradient while keeping 
the main structure information of the original image. 2) The split bregman iteration method was 
used to deal with the L1-norm regularization problem and generate the final enhanced image. 



The main advantage of the split bregman method is that it has both fast convergence and low 
memory cost. In order to verify the effectiveness of our method, we applied our method to a 
series of mouse brain vascular images acquired from a commercial LSM system in our lab. The 
experimental results showed that our method could greatly enhance micro-vessel edges which 
were unclear in the original images. 
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Abstract: Transient Local Field Potential (LFP) activity exhibits a wide variety of patterns, 
reflecting local antagonistic or synergistic neural activity changes in the recorded structure. 
Among them, “events” with a characteristic time-frequency profile can be identified, which may 
occasionally reflect transient large-scale interactions with other brain structures. Such an event-
related multistructure activity can be studied using concurrent fMRI and LFP recordings in an 
experimental design dubbed as Neural Event Triggered (NET)-fMRI (Logothetis et al, 2012). 
Recently we used NET-fMRI to describe the brainwide up and down modulation of neural 
activity associatiated with hippocampal ripples. Here we examine how much the BOLD changes 
associated with these events can describe the fMRI time series along the entire data acquisition 
period. To address this question, we develop a generative model of the ongoing neural activity 
including both hippocampal LFP recordings and BOLD signals in the whole brain. 
The model was based on 6 types of oscillations detected in the hippocampus: Sharp-waves, 
ripples, gamma, beta, sigma and low frequency events. We first estimated the time course of the 
BOLD signature of neural events across brain structures by learning a dictionary of responses 
using the kSVD algorithm, and performed statistical analysis to extract significantly activated 
voxels for each neural event. Based on a convolutive model of the LFP-BOLD relationship, we 
corrected the effects of overlap between successive neural events on the BOLD response by 
estimating the autocorrelation function of the neural events and used it to obtain deconvolved 



BOLD signatures, describing the contribution of a single event to the BOLD signal. 
Preliminary results on 3 sessions show the BOLD signature of each event can be well captured 
by two dictionaries elements: one with a short response latency (peak response at 2.6s) in a wide 
range of subcortical and cortical structures, and a long latency (peak response at 5.1s) response 
restricted to sensory and associative cortical areas. This model enables us to estimate the 
contribution of hippocampus-related activity to fMRI time series in the whole brain. We thus 
estimated the overall ongoing single trial fMRI activity averaged across all brain structures at 
each time point using the model and LFP event time stamps only. The average correlation 
coefficient between the true fMRI signal and the event based reconstruction was .313, showing 
that hippocampal neural event carry rich information about global brain dynamics and suggesting 
that global brain dynamics could in turn be used to infer electrical activity non-invasively. 
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